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UNIT

Fluid Mechanics

Syllabus

Fluid Mechanics: Basic concepts and Properties of fluids, Manometry, Fluid statics, Buoyancy, Equations
of motion, Bernoulli's equation and applications, Viscous flow of incompressible fluids, Laminar and Turbulent
flows, Flow through pipes and head losses in pipes.
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Fluid Properties

1.1

1.2

1.3

Match List-l (Properties of fluids) with List-Il
(Definition/Results) and select the correct answer
using the codes given below the lists:

List-|

|deal fluid

Newtonian fluid

. Wp

. Mercury in glass

List-ll

Viscosity does not vary with rate of deformation
Fluid of zero viscosity

Dynamic viscosity

Capillary depression

Kinematic viscosity

Capillary rise

Codes:

oo w>

0 0. D

()

(c)
(d) 2

A
(@ 1
1
2

— - NN
0h W wsa0
O BB O0Q

[ESE : 1995]

Match List-l (Fluid properties) with List-ll (Related
lerms) and selec! the correct answer using the
codes given below the lists:

List-I List-1l

A. Capillarity 1. Cavitation
B. Vapourpressure 2. Density of waler
C. Viscosity 3. Shearforce
D. Specific gravity 4. Surfacelension
Codes:

A B C D
a 1 4 2 3
(b) 1 4 3 2
(c) 4 1 2 3
(d) 4 1 3 2

(ESE : 1996]

Assertion (A): In fluid, the rate of deformation is
far more important than the total deformation itself.

1.4

1.5

1.6

1.7

1.8

Reason (R): A fluid continues to deform so long
as the external forces are applied
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false

(d) A is false but R is frue [ESE : 1996]

Which one of the following is the bulk modulus K
of a fluid? (Symbols have the usual meaning)

dp dp
a) p— D) —
(@ p do (D) o0

dp dp

e At : 1997
(c) pc.{c,! (d) b [ESE : 1997]
The dimensions of surface tension are
(a) N/m* (b) J/m
(c) JIm? (d) W/m [ESE: 1997]

Which of the following forces act on a fluid at rest?
1. Gravity force 2. Hydrostatic force

3. Surfacetension 4. Viscous force
Select the correct answer using the codes given
below:

(a) 1.2, 3and 4 (b) 1,2and 3
(c) 2and 4 (d) 1,3and 4
[ESE : 1998]

Surface tension is due to

(a) viscous forces

D) cohesion

c) adhesion

d) the difference between adhesive and cohesive
forces

(
(
(

[ESE : 1998

Newton's law of viscosity depends upon the
(a) stress and strain in a fluid

(D) shear stress, pressure and velocity

(c) shear stress and rate of strain

(d) viscosity and shear stress  [ESE ; 1998]



Fluid Mechanics 3

1.9 The normal stress is the same in all directions at
a point in a fluid only when
(@) the fluid is frictional
(b) the fluid is frictionless and incompressible
(c) the fluid has zero viscosity and is at rest
(d) one fluid layer has no motion relative to an
adjacent layer [ESE : 1998]

1.10 If the surface tension of water-air interface is
0.073 N/m, the gauge pressure inside a rain drop
of 1 mm diameter will be

(@) 0.146 N/m? (b) 73 N/m?
(c) 146 N/m? (d) 292 N/m?
[ESE : 1999]

Flni'dl-'ropa‘ﬁu
11 (d 12 (d 13 (a
1.10 (&) 1.11 (9)

Fid Propris
Eo

A Newtonian fluid is a fluid whose stress versus
strain rate curve is linear and passes through
origin. The constant of proportionality is known
as the wviscosity.

In fluid mechanics, the term (p/p) is observed
frequently and hence for convenience, it is called
as kinematic viscosity.

The depression of the meniscus of a liquid contained
in a tube where the liquid does not wet walls of
container, as in mercury barometer, the meniscus
has a convex shape, resulling in a depression.

1.4 1.5

(a)

d)

Viscosity: It is a measure of resistance of a fluid
which is being deformed by either shear stress
or lensile stress.

Specific gravity: It is the ratio of density of fluid
to the density of standard fluid.

Capillarity: It is the ability of liquid to flow against
gravity combination of surface tension and
adhesion act to lift the liquid.

(©)

1.11 Assertion (A): If a cube is placed in a liquid with
two of its surfaces parallel to the free surface of
the liguid, then the pressures on the two surfaces
which are parallel to the free surface, are the same.
Reason (R): Pascal's law states that when a fluid
Is at rest, the pressure at any plane is the same
in all directions.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c} Aistrue but R is false

(d) Ais false but R is true [ESE : 2000]
EEER
16 (b) 1.7 (b) 1.8 (c) 1.9 (d)
14 [0
Bulk modulus,
__& -
" dvlv w )
fo——— ¥V ————
£ ——dp
STy —
= | S
Specific volume, v = E= h
Taking log, both sides, we get
1095 V= _IDQE P'
On differentiating
dv %
v P
Substituting T - —q; in Eq (i), we get
-dp do
H - S—— = N
~p/p = Pap
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1.5 [0 1.8 [

The property of the liquid surface film to exert
a tension is called the surface tension. It is the
force required to maintain unit length of the film
in equilibrium. In SI units surface tension is
expressed in N/m or J/m?.

e

For a fluid al rest, there can be no shear force
(i.e. viscous force), The only forces acting on the
free body are the normal pressure forces, exerted
by the surrounding fluid on the plane surface and
the weight of the element.

(b)

Surface tension is due to cohesion between liquid
particles at the surface, where as capillarity is
due to both cohesion and adhesion.

The property of cohesion enables a liquid to
resist tensile stress, while adhesion enables it to
stick to another body.

—

Newton's law of viscosity

1;:“@ where t = shear stress,

au .
— = rate of strain

dy

1.9 [C)

The pressure at any point in a fluid at rest has
the same magnitude in all directions. In other
words, when a certain pressure is applied at any
point in a fluid at rest, the pressure is equally
transmitted in all the direction and to every other
point in the fiuid. It is known as Pascals law.

11000

Given: 6 = 0073 N/m, d = 1 mm = 0.001 m
Pressure intensity inside a droplet,
_ 40 _ 4x0.073
“d  0.001

1.1

Pressure on the two surfaces which are parallel
to free surface are not same.

N/m? = 292 N/m?2




Fluid Pressure and

VEER T 1)

2.1

2.2

2.3

The depth ot a tluid 1s measured in vertical
z-direction; x and y are the other two directions
and are mutually perpendicular. The static
pressure variation in the fluid is given by (symbols
have the usual meaning)

ap _
(b) - p
a _ _
d - =-p9
[ESE : 1995]

If z is vertically upwards, p is the density and g
gravitational acceleration (see figure), then the
pressure dpfdz in fluid at rest due lo gravity is
given by

dp
(@ dz Y

ap
(c) o Pg

\

g f,f
”
Fa ~
(@) pgZ/2 (b) -pg
(c) -pgz (d) po/z [ESE: 1996]

The manometer shown in the figure below connects
two pipes, carrying oil and waler respectively.

Pipes

Horzonts (\ I '"'*’/X
Hﬂ"ﬂ . = Y T R RN C———— ...1... - *

Mercury

From the figure one

(a) can conclude that the pressures in the pipes
are equal

(b) canconclude that the pressure in the oil pipe
1S higher

(c) can conclude that the pressure in the water
pipe is higher

2.4

2.5

2.6

(d) cannot compare the pressure in the two pipes
for want of sufficient data
[ESE : 1996]

Assertion (A): U-tube manometer connected to
a ventunimeter fitted in a pipeline can measure
the velocity through the pipe,
Reason (R): U-tube manometer directly
measures dynamic and static heads.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Ais false butR is true
[ESE : 1996]

A differential manometer as shown in figure below
is used fo measure the difference in pressure at
points Aand Binterms of specific weight of water,
w. The specific gravities of the liquids X, Yand Z
are respectively S,, S,, and S,

e

The correct difference [EJ— - —iﬁ] IS given by

(@ hyS;-h,S, +h,S,
(b) h,S, +h,S;-h,S,
(c) hS,-hS, +h,S,
(

d) hS,+ h,S,-h,S, [ESE : 1997)

In the figure shown below, air is contained in the
pipe and water in the manometer liquid.
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2.8 The reading of gauge A shown in the figure
below is
Alr
o B [ Tozsm
4m
l i:nmn}w densit
C: Relalive | of mercury ‘Il.?..ﬁ:'!lr
density
G""‘ﬂ"‘_ A of oil 0.8
The pressure at A s approximately
(@) 10.14 m of water absolute (a) -31.392kPa (b) -1.962kPa
(b) 0.2 m of water (c) 31.392kPa (d) +19.62kPa
(c) 1.2m of water vacuum [ESE : 1999]
) Sl ESE : 1998] 2.9 A U-tube manometer is connecled to a pipeline
[ ' conveying water as shown in the figure below.
2.7 A mercury manometer is fitted to a pipe. It is Atmosphere
mounted on the delivery ling of a centrifugal pump. l
One limb of the manometer is connected to the R O =03
upstream side of the pipe at Aand the other limb T
al B, just below the valve Vas shown in the figure 50 o
below. l
L
Water

The manometer reading h varies with different

valve positions.

Assertion (A): With gradual closure of the valve,

the magnitude of hwill go on increasing and even

a situation may arise when mercury will be sucked

in by the water flowing around B.

Reason (R): With the gradual closure of the valve,

the pressure at A will go on increasing

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Aisfalse butR is true [ESE : 1998]

ho 8

Mercury
Sp. Gr. =136
The pressure head of water in the pipeline is
(@) 7.12m (b) 6.56m
(c) 6.0m (d) 5.12m
[ESE : 2000]

2.10 A Pitot static tube is used to measure the velocity
of water using a differential gauge which contains
a manometric fluid of relative density 1.4, The
deflection of the gauge fluid when water flows at
a velocity of 1.2 m/s will be (the coefficient of the
tube may be assumed to be 1)

(a) 183.5mm (b) 52.4 mm
(c) 5.24dmm (d) 73.4mm
[ESE : 2000]
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Fluid Pressure and Measurement
21 (d 22 (b)) 23 (d 24 (0 25

2.10 (a)

Fluid Pressure and Measurement

21
The pressure intensity p at any point in a static

mass of fluid does not vary in x and y directions
and it varies only in z-direction.

dp
Hence, = pg

2.2 [{3)
The pressure intensity pat any point in a mass of

fluid does not vary in x and y directions and it
varies only Z direction.

s B
i az- pg

The negative sign in the above equation signifies
that the pressure decreases in the direction in
which zincreases i.e. in the upward direction.

2.5 [€)
Starting from point A and writing manometric
equation.

Pa Py
A 4+hS -hS, -~ S, =
w+!|hZ'E My Sy W

PA_B8 L he b
W W WSy — Sy + hS;

2.6 [E)
Pressure at A is equal to atmospheric pressure.

27 |8
With gradual closure the valve, the valve will be

restricted the flow of liquid. Then pressure at A
will be increased.

26 (a) 2.7 (a) 28 (b) 29 (c)

2.8 [

Pressure of air
P =—0.25 x 13.6 = - 3.4 m of water
Now, p,, +4x08=p,
Py=-34+32=-02m of water
p,=- 1.962 kPa

29 [O

Starting from pipeline and write manometric
equation
p+056x1-045x136-05x088=0

p =6 m of water

2.10(0)

Pitot static tube.
Flow through pipe,

V = JEQ‘I[%—"]

where

Manomelric deflection
Specific gravity of manometric fluid
Specific gravity of flowing fluid

V = JEQI[S?M—'l]

1]

i

1
Sm
S

1.2 = J219.31r[$—1‘
_—— (1.2)°
T 2%x9.81x0.4

01835 m = 183.5 mm



3.1

3.2

3.3

3.4

A 3

A rectangular water tank, full to the brim, has its
length, breadth and height inthe ratioof2:1: 2,
The ratio of hydrostatic forces at the bottom to
that at any larger vertical surface is

(a) 1/2 (b) 1

() 2 (d) 4 [ESE : 1996]

A cylindrical gate is holding water on one side as

shown in the figure below.

Waler v
surface LR

The resultant vertical component of force of water

per meter width of gate will be

(a) Zero (b) 7700.8 N/m
(c) 15401.1 N/m (d) 30803.4N/m
[ESE : 1997]

A stepped cylindrical container is filled with a liguid
as shown in the figure below.
|- g

te— Iy —fa— Iy —e

- 2c1 -l
The container with its axis vertical, is first placed
with its larger diameter downward and then upward.
The ratio of the forces at the bottom in the two cases
will be
(@ 12
(c) 2

(b) 1

(d) 4  [ESE:1998]

A circular annular plate having outer and inner
diameters of 1.4 m and 0.6 m respectively is
immersed in water with its plane making an angle
of 60° with the horizontal. The centre of the circular
annular plate is 1.85 m below the free surface.

3.5

3.6

3.7

3.8

Hydrostatic Forces on Surface

The hydrostatic thrust on one side of the plate is
(a) 1975N (b) 19.75N
() 11.4N (d) 22.8 kN [ESE : 1998]

A housetop water tank is made of flat plates and
s full to the brim, Its height is twice that of any
side. The ratio of force on the bottom of the tank
to that on any side will be

(a) 4 (b) 2

(c) 1 (d) 1/2  [ESE:1998]

A vertical sluice gate, 2.5 m wide and weighing
500 kg is held in position due to horizontal force
of water on one side and associated friction force.
When the water level drops down to 2 m above
the bottom of the gate, the gate just starts sliding
down. The coefficient of friction between the gate
and the supporting structure is

(a) 0.20 (b) 0.10

(c) 0.05 (d) 0.02 [ESE:1999)

Assertion (A): Depth of centre of pressure of any

immersed surface is independent of the density

of liquid.

Reason (R): Centre of area of immersed surface

lies below the centre of pressure

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c}) Aistrue butR is false

(d) Aisfalse but R is true [ESE : 1999]

The height of a cylindrical container is twice that
of its diameter. The ratio of the horizontal forces
on the wall of the cylinder when it is completely
filled to that when it is half filled with the same

liquid, IS

(@ 2 (b) 3

(c) 35 (d) 4 [ESE : 2000]
EEER
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Hydrostatic Forces on Surface
31 (b) 32 (c) 33 (d 34 (d 35

Hydrostatic Forces on Surface
EXN )

%
o

2
Force on the bottom, F = pg(2x 1)x2=4pg

Force on the vertical surface,
Fa=pg(2x2)x 1=4g

Ao
F.?
3.2 [

Vertical forces = weight of fluid corresponding to

semi circular volume

nx(2)
4x2

W[LT']=9.E1H1[II}K % 1
= 15401.1 N/m

d)

d 2d

F, = pgxzhx:-:.dz " npngw“

]
Now, 3 = 4

3.4 [0
Hydrostatic thrust = pgAh

=9.81x E X {[1 4y - [ﬂ_E}E]ﬂ.ESx 1000
=228 kN

36 (b) 3.7 () 3.8 (d

35 (0

F, = Force at bottom
= yx(axa) x2a=2a%
F., = Force atone side

= yx(ax2a) xa=2a%

L
F
3.6 ()
Pressure force

= pgAR =10x1000x2x25x1 MV}

= 50 kKN N
IFx=0
2N = P=50 l
: N=25kN p—— mngH
Now, I.Fr=ﬁ N~
mg = 2uN
~ 900x10
" 2X25x1000

37 ()

Depth of centre of pressure is proportional to
second moment of area about the water surface
area of surface, and depth of centre of gravity, i.e.

o E+I§i229

where,
h* = Depth of pressure

h = Centroid of surface area
A = Surface area
[,; = Moment of inertia of the area aboul an
axis passing through the centroid of
the area.
0 = Inclination of surface from horizontal.
Centre of area of immersed surface lies above
the centre of pressure.

3 [0
1ng X rH

. 9 _
Fiatuzm-,E 7 H-4

r
P95 X W




Buoyancy, Floatation and

Liquids in Relative Equilibrium

4.1

4.2

4.3

The following terms relate to floating bodies:
Centre of gravity...G,

Metacentre...M,

Weight of floating body...W,

Buoyant force...Fg

Match List-| (Condition) with List-ll (Result) and
select the correct answer using the codes given
below the lists

List-l

Gis above M

Gand M coincide

Gis below M

FH > W

List-ll

Stable equilibrium

Unstable equilibrium

Floating body

Neutral equilibrium

Codes:

cow>

= DN -

AW - WD
- AN O

A D
! A
3 2
2 1
2 3

5882

[

(

(

{ [ESE : 1995]

Consider the following statements:

The metacentric height of a floating body depends

1. directly on the shape of its water-line area

2. onthe volume of liquid displaced by the body

3. onthe distance between the metacentre and
the centre of gravity

4. onthe second moment of water-line area

Which of these statements are correct?

(a) 1and 2 (b) 2and 3

(c) 3and 4 (d) 1and 4

[ESE : 1996]

A large metacentric height in a vessel
(@) improves stability and makes periodic time
of oscillation longer

4.4

4.5

46

(b) impairs stability and makes periodic time of
oscillation shorter
(c) has no eftect on stability or the periodic time
of oscillation
(d) Improves stability and makes the pernodic
time of oscillation shorter
[ESE : 1997]

Assertion (A): To increase the stability of an
empty ship, ballasts are loaded at the bottom
level.
Reason (R): The ballasts increase the weight of
the ship.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue butR is false
(d) Ais false but R is true
[ESE : 1997]

Consider the following statements:
Filling up a part of the empty hold of a ship with
ballasts will
1. reduce the metacentric height
2. lower the position of the centre of gravity
3. elevate the position of centre of gravity
4. elevate the position of centre of buoyancy
Which of these statements are correct?
(a) 1,3and 4 (b) 1and?2
(c) 3and 4 (d) 2and 4
[ESE : 1998]

A cylindrical piece of cork weighing W floats with
its axis in horizontal position in a liquid of relative
density 4. By anchoring the bottom, the cork piece
Is made to float at neutral equilibrium position with
its axis vertical. The vertically downward force
exerted by anchoring would be

(a) O5W (b) W

(c) 2W (d) 4W  [ESE: 1998]
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4.7 Atriangular dam of height hand base width b is

filled to its top with water as shown in the figure
below.

e

h
Dam in
masonry
] S.G. 256
= b -
The condition of stability is
{H} b=h (b) b=26h
(c) b= f3n (d) b=0.625h

[ESE : 1999]

4.8 Stability of a freely falling object is assured if its

centre of
(a) buoyancy lies below its centre of gravity
(b) gravity coincides with its centre of buoyancy
(c) gravity lies below its metacentre
(d) buoyancy lies below its metacentre
[ESE : 1999]

4.9 Match List-l with List-ll regarding a body partly

submerged in a liquid and select the correct

answer using the codes given below the lists:

List-1

Centre of pressure

Centre of gravity

Centre of buoyancy

Metacentre

List-1|

1. Point of application of the weight of displaced
liquid

2. Point about which the body starts oscillating
when tilted by a small angle

3. Point of application of hydrostatic pressure
force

4, Point of application of the weight of the body

Codes:

ocow>»

A B C D
@4 3 1 2
)4 3 2 1
©3 4 1 2
d3 4 2 1

[ESE : 1999]

4.10 If a piece of metal having a specific gravity of

13.6 Is placed in mercury of specific gravity 13.6,

then the

(a) metal piece will sink to the bottom

(b) metal piece will simply float over the mercury
with no immersion

(c) metal piece will be immersed in mercury by
half

(d) whole of the metal piece will be immersed
with its top surface just at mercury level

[ESE : 1999]

4.11 A bucket of water hangs with a spring balance. If

an iron piece is suspended into water from another
support without touching the sides of the bucket,
the spring balance will show
(a) anincreased reading
(b) adecreased reading
(c) nochange in reading
(d) Increased or decreased reading depending
on the depth of immersion
[ESE : 1999]

4.12 The least radius of gyration of a ship is 9 m and

the metacentric height is 750 mm. The time period
of oscillation of the ship is
(a) 42415
(b) 7548
(c) 20.85s
(d) 85s
[ESE : 1999]

4,13 Assertion (A): If a boat, built with sheet metal on

wooden frame, has an average density which is
greater than that of water, then the boat can ficat
in water with its hollow face upward but will sink
once it overturns.
Reason (R): Buoyant force always acts in the
upward direction.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true
[ESE : 1999]
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4.14 Afloat of cubical shape has sides of 10 cm. The (@) 7.5em (b) 50cm

float valve just touches the valve seal to have a (c) 25cm (d) 0.5¢cm

fiow area of 0.5 cm? as shown in the figure below. [ESE : 2000]

) Vel

/N

Float—Y

-

Tank

If the pressure of water in the pipeline is 1 bar,
the rise of water level hin the tank to just stop the
water flow will be

4.15 If a vessel containing liquid moves downward with

constant acceleration g, then

(a) the pressure throughout the liquid mass Is
atmospheric

(b) the pressure in the liquid mass is greater than
the hydrostatic pressure

(c) there will be vacuum in the liquid

(d) the pressure throughout the liquid mass is

Buoyancy, Floatation and Liquids in Relative Equilibrium

41 (d) 42 (b)
4.10 (d) 4.11 (a)

43 (d 44 (b) 45
412 (c) 4.13 (b)

4.14 (b)

greater than atmospheric
[ESE : 2000]
EEEE
4.6 (3W) 47 (d 48 (c) 49 (c)

4.15 (a)

EXIIIITEE Buoyancy, Floatation and Liquids in Relative Equilibrium

41 (O

For completely submerged body stable
equilibrium exist when centre of gravity is below
centre of buoyancy. Unstable equilibrium exist
when centre of gravity is above the centre of
buoyancy and neutral equilibrium exists when
centre of gravity exists with centre of
buoyancy (B).

A floating body will be in stable equilibrium when
metacenter is above centre of gravity, in unstabie
equilibrium when metacenter is below centre of
gravity. And if centre of gravity coincide with
metacenter, body will be in neutral equilibrium.

4.2 [
The metacentric height depends on the volume

of liquid displaced and the distance between the
metacentre and the centre of gravity.

4.3 [())

KE"
(GM)g
Increasing the metacentric height gives stability
of a floating, but an increase in the metacentric

I =2n

(GMTT )

height reduced the time period of rolling of the
body.

4.5 [C)

Metacentric height does not depend on the
ballasts, lower the position of the centre of gravity
and elevate the position of centre of buoyancy.

4.7 (L)

Moment about O.

h Wx2b
F x— =
"3 3
thﬂx%x% - %xmzsmw%
b = 0.625h
F,—=
| 0O
l
w

4.8 [0

Stability of a freely falling object when centre of
gravity lies below its metacentre.
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4.9 ({3
(a) Centre of pressure : Point of application of Both A and R is true, but R does not give sufficient
hydrostatic pressure force explanation for phenomenon at A. Location of
(b) Centre of gravity : Point of application of the metacentre and centre of buoyancy decide about
weight of the body floating of a body.
(c) Centre of buoyancy : Point of application of
the weight of displace liquid Ihl
(d) Metacentre : Point about which the body starts 10x10
oscillating when tilted by a small angle 0.5%107 x 1x10° = 100X —=-=—= X 10x A
A h=5cm
4100
When piece of metal and liquid have same specific (ﬂ)
gravity then metal piece will be considered as A fluid at rest, pressure varies as
the part of liquid. do
e Py
(XH |
| When fluid moves downward then,
Since the water of bucket will exert force of
puﬂyancy equal to the volume displlaced by lh.e %’ =-pg+pg=0 ..p =p, = constant
iron block. Hence equal and opposite force will o
reading of the spring balance will increase. atmospheric
ENEE

4.12[0)

2 2
T:En;—';:h\{ O 20856

9.81x0.750



Fluid Kinematics

5.1

5.2

5.3

5.4

In a two-dimensional flow, the velocity
components in x and y directions in terms ol
stream function (y) are

(@) “=%;v=g_‘;
(b) “=3—t:“=sz
(c) u=_‘;_t; ;%%
(@) ”=%w;:v=_%‘;ri

[ESE : 1995]

The differential form of continuity equation for two-
dimensional flow of fluid may be written in the

au av
following form P ™ + Pay

are velocities in the x and y-direction and p is the
density. This is valid
(a) for compressible, steady flow
(b) for compressible, unsteady flow
(c) forincompressible, unsteady flow
(d) for incompressible, steady flow
[ESE : 1995]

=0 in which u and v

Given that

u = velocity in the x-direction

v = velocity In the y-direction

A two-dimensional flow in x-y plane is irrotational if

au_av u_au

(@) 3 = 3y ®) 5% =3y

v _du v _ov

©) 3 = 3y @ % =5y
[ESE : 1995]

Of the possible irrotational flow functions given
below, the incorrect relation is (where y = stream
function and ¢ = velocity potential)

5.5

5.6

8.7

(@) y=xy
(b) W= AR~y

u
(c) ¢=urcost+—cos#@
r

(d) §= [r —%]sinﬂ
[ESE : 1995]

Which one of the following statements is lrue to a

two-dimensional flow of ideal fluids?

(a) Potential function exists If stream function
exists.

(b) Stream function may or may not exist.

(c) Both potential function and stream function
must exist for every flow.

(d) Stream function will exist but potential function
may or may not exist.

[ESE : 1996]

The curl of a given velocity field [T’ %V ) indicates

the rate of
(a) Increase or decrease of flow at a point
(b) twisting of the lines of fiow
(c) deformation
(d) transiation
[ESE : 1996]

The general form of expression for the continuous
equation in a cartesian co-ordinate system for
incompressible or compressible flow is given by

Hu+ﬂv+aw
@ 3 "oy 9z

d(pu) alpv) a(pw)
O oz

=0

0

dp , 9(pu)  Alpv)  9lpw) _

0
df  dx dy dz

(c)

op dpu) alpv) alpw)
= 1
(d) EH+ dx " dy ' 0z

[ESE : 1996]
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| _ , LU av
5.8 Inatwo-dimensional flow in x-y plane, if @ =3

then the fluid element will undergo
(a) translation only

(b) translation and rotation
(c) translation and deformation

(d) rotation and deformation [ESE : 1996]

5.9 For anirrotational flow, the velocity potential lines
and the streamlines are always
(a) parallel to each other
(b) coplanar
(c) orthogonal to each other

(d) inclined to the horizontal [ESE : 1997]

5.10 Irrotational flow occurs when

(a) flow takes place in a duct of uniform cross-
section al constant mass flow rate

(b) streamlines are curved

(c) there is no net rotation of the fluid element
about its mass centre

(d) fluid element does not undergo any change
in size or shape [ESE : 1998]

5.11 If the stream function is given by y = 3xy, then
the velocity at a point (2, 3) will be
(@) 7.21 unit (b) 10.82 untt
(c) 18 unit (d) 54 unit [ESE : 1998]

5.12 The area of a 2 m long tapered duct decreases
as A = (0.5 - 0.2x) where ‘x' is the distance in
meters. Ata given instant a discharge of 0.5 m%s
is flowing in the duct and is foundto increase at a

XY Fiuid Kinematics

5.1 (c) 852 (d) 53 () 54 (c) 5.5
5.10 (c) 5.11 (b) 5.12 (c) 5.13 (a)

Explnaions LTI
Bl

The stream function (y) is defined as a scalar
function of space and time, such that its partial
derivative with respect to any direction gives the
velocity component at right angles (in the
counterclockwise direction) to this direction.

v oy

E=_U: g;‘“’

5.14 (b)

rate of 0.2 m¥s. The local acceleration (in m/s?)
at x = 0 will be
(a) 1.4
(c) 04

(b) 1.0
(d) 0667 [ESE: 1998

5.13 Match List-l (Pipe flow) with List-ll (Types of
acceleration) and select the correct answer using
the codes given below the lists:

List-I
A. Flow at constant rate passing through a bend
B. Flow at constant rate passing through a
straight uniform diameter pipe

Gradually changing flow through a bend

Gradually changing flow through a straight

pipe

List-ll

Zero acceleration

Local and convective acceleration

Convective acceleration

Local acceleration

Codes:

o0

> ORI L

A
(a) 3
(b) 3
(c) 1
(d) 1

B
1
1
3

o
NAEN D

3 4 [ESE : 1999)

5.14 A stream function is given by (¥* - y). The
potential function of the flow will be
(@) 2xy + flx) (b) 2xy + constant
(€) 2(x*-y?) (d) 2xy + f(y)
[ESE : 2000]

56 (c) &7 (c) 58 () 59 (c)

Continuity equation for two-dimensional steady flow
apu) alpv) ;

dx dy
Further for an incompressible fluid the mass
density p does not change with x, y and t and
hence equation simplifies to
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16 relims g ng u Lo
p—+p—v 0 ) = + —c0s0
E 3y = V. = Y ~UCcos 0 +
100
Va - _F_

Irrotational flow: IT the fluid particle don't rotate
about their mass centre while moving in the
direction of motion, the flow is called as irrotational
flow eg. free vortex.

_[f*_”_ﬂ_“] 0

W=2lax oy
dv  du
dx  dy

5.4 n}_

If the stream function satisfy the Laplace equation
the flow is irrotational, otherwise rotational.

s Mea |
W ay"f (Lapiace equation)
then w. =0
A. y=xy
Py Py ), Fy)
o’ af N
=0+0=0
Satisfy the Laplace equation therefore flow is
irrotational.
B. y = Alx2 - 4
Bzw 9%y ?[A(: ) A G S )
ox? ay2 oy
=2A -2A=0
Satisty Laplace equation, therefore flow is
rotational,
C. V=0
df
V=3
+Cylindrical coordinate
109
Y = o0
19| 1d6] 19 do
W, = 1o rae]l 2ol ar

u
urcos 0 + FEDEH

-
]

1 . ,
——[—UFEIHB—EEIHE]
r r

V = usinﬂ+£sinﬂ

r?
I A .
2w, = ;g[us;nﬂ;ﬁ-smﬂ]—
—fll UEDEH+£CGSH]
7 90 P
- ;[-%sinﬂ] - %{—usinﬂ - %sinﬁ]
v Eu:na-uinﬂ—ﬁsinﬁ
D. o= [r—%)slnﬂ
do 21l
Sk
V = > +rz]smﬂ
10 1} _2
Y = T3 " r[r r]cnsﬂ
2
= —|1-—|cos®H
-]

14d 10
2D - FE”HHFEM}
1d 2
== ar[[wr»F]smﬂ]
1d 2
rar[ [-1-F]cus&]

k'
sing + ~1- % ( 1- E]Ei!‘lﬂ
) r r

5.5 (&)

Stream function exists only for 2-D flow.
Potential function exists only for irrotational flow.
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55 [0

s
&

The curl indicates the rate of deformation.

c)
Continuity equation for compressible or non-
compressible fluid is

dlpu) alpv) alpw) ap
& T dy T

5.8 (C)

LN
w

Irrotational flow: If the fluid particle don't rotate
about their mass centre while moving in the
direction of motion, the flow is called as irrotational
flow eq. free vortex.

"[i'-:_a_“]=u

®=2|x oy
v du
ax Ty
c)
dy u
Slope of velocity potential = ('—']1 E ™y

dx
vV

ay) _v
Slope of stream line .
2

(ﬂ) H[d_i’] =Y B
dx), \dx), v u

Hence, they are orthogonal to each other.

508

E

)

If the fluid particles do not rotate about their mass
centre & while moving in the direction of motion.,
The flow Is called as an irrotational fiow.

1[0

vy

o = V=3V

dy

5. B u=3x

7 = 3xi +3y
At(2,3)

V= -60+9]

V| = 10.82 units

5.12(
Local acceleration.
v &[O] 10Q
at  dl
av 0.2
Mo 05

5.13 (B

(&) Flow at constant rate passing through a bend
. Convective acceleration

(b) Flow at constant rate passing through a
straight uniform diameter pipe : Zero
acceleration

(¢) Gradually changing flow through a bend :
Local and convective acceleration

(d) Gradually changing flow through a straight
pipe : Local acceleration

5.14 ()
W _p T
Ty dy
o

and %m'zl"“—x

E=
NOW. 2y

e 2|2
;I.IIJ

I
o
-

¢ = —2xy+f(x)
Differentiating w. r. to x

%E— = =2y +f'(x)==2y

. Fx)=0
. f(x)=constant

s ¢ =-2xy +constant



Fluid Dynamics and

Flow Measurement

6.1

6.2

6.3

Prandtl Pitot tube was used to measure the
velocity of a fluid of specific gravity S,. The
differential manometer, with a fluid of specific
gravity S, connected to the Pitot tube recorded a
level difference as h as shown in figure below

b

The velocity Vis given by the expression

ool ool

(© (2gh(S-S) (d) J2ah(S;-S)
[ESE : 1995]
. pV*?
The expression | p+ pgz+T commonly used
to express Bernoulli's equation, has units of total
energy per unit
(a) mass
(b) weight
(c) volume

(d) cross-sectional area of flow

[ESE : 1995]

If calibration chart is prepared for a hot-wire

anemometer for measuring the mean velocities, the

highest level of accuracy can be

(@) equal to accuracy of a Pitot tube

(b) equaltoaccuracy of arotameter

(c) equalto accuracy of a venturimeter

(d) more than that of all the three instruments
mentioned above

(ESE : 1996)

6.4

6.5

The predominant forces acting on an element of
fluid in the boundary layer over a flat plate placed
in a uniform stream include
(a) inertia and pressure forces
(b) viscous and pressure forces
(c) viscous and body forces
(d) viscousand inertia forces

[ESE : 1996]
Given that
H = height of liquid.
b = width of notch,
a = cross-sectional area,
a, = area at inlet,
a, = area al the throat, and
C, = coefficient of discharge
Match List-l with List-ll and select the correct
answer using the codes given below the lists:
List-l
Discharge through venturimeter
Discharge through an external mouthpiece
Discharge over a rectangular notch
Discharge over right angled notch
List-II

3 gcdn\fz_w &

oo >

B al2

— 20H
2. 15 avel

Catidy_ forrs

2 [ogH

3. o of

{ — &3
4. 0.855a2gH
Codes:

A B C D
@) 1 2 3 4
)3 4 1 2
(C) 2 1 3 4§
(d) 2 3 1 4

[ESE : 1997]
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6.6 Match List-l (Measuring device) with List-1|
(Parameters) regarding a body partly submerged
In a liquid and select the correct answer using
the codes given below the lisls:

List-l

Anemometer

Piezometer

Pitot tube

Orifice

List-ll
Flow rate
Velocity
Static pressure

Difference between static and stagnation
pressure
Codes:

A

1

1

2

2

6.8

ocow>»

P 00 19 -

6.9

(a)
(b)
(c)
(d) [ESE : 1997]

Assertion (A): Bernoulli's equation is an energy
equation,

Reason (R): Starting from Euler's equation, one
can arrive at Bernoulli's equation.

ARSIAN,

C D
4 2
3 4
R 1
2 3 1
6.7

(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false

(d) Aisfalse butRis true [ESE : 1997]

Consider the following assumptions:
1. The fluid is compressible.
2. The fluid Is inviscid.
3. The Tluid is Iincompressible and
homogeneous.
4. The fluid is viscous and compressible
The Euler's equation of motion requires
assumptions indicated in
(a) 1and 2 (b) 2and 3
(c} 1and 4 (d) 3and 4
[ESE : 1998]

A horizontal pipe of cross-sectional area 5 cmé@is
connected to a venturimeter of throat area 3 cm?
as shown in the figure below. The manometer
reading is equivalent to 5 cm of water.

Wat% e
ﬁmam
The discharge is nearly
(a) 0.45cmdfs (b) 5.5cm/s

(a) Both A and R are individually true and R is (©) 21.0cm?/s (d) 370 cm?/s
the correct explanation of A [ESE : 1998]
sapE
[LETED) Fiuid Dynamics and Flow Measurement
6.1 (b) 62 (c) 63 (d 64 (d 65 (b) 66 (c) 67 (@) 68 (b) 6.9 (d

6.1 (O]

v ?ﬂnnﬂl
i

'i
S

Let 1-1’ be the datum line
Pressure in the left imb above datum line
= Pressure in the right limb above datum line

p,+p;gy+p,gh=p,+p,g(h+y)

or P,= Py =p,gh-p, gh= pm(%— ]
o M =M. _ 22_1] (i)
Pg P1

Applying Bernoulli's equation between points 1
and 2
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pV. ., PV, 6.6 [0
pg 29 " pg 20 ’ Anemometer: It is device for measuring wind
/2 speed, and it a common weather station

ppé + 2; = |f; V,=0,2,=2 instrument.
|
; Orifice plate: It is a device used for measuring
o P-h_4 (il the volumetric flow. It uses the Bernoulli's
g 29 principle.

Equating Eqs. (i) and (ii)

v h[ﬂ— ]
2g P

-y
- o

_pp _1000xS, _S,
"p, 1000xS, S

The expression (p+ pgz+¥]_ has units of

total energy per unit volume

64 O
Reynolds number is used to characterize flow
regimes, such as laminar flow and turbulent flow.
It gives measure of the ratio of inertial force 1o
viscous force. It consequently quantities the
importance of boundary layer concept.

6.5 [{3)
(a) Discharge through venturimeter,
0= Cad J2gh

-2

(b) Discharge through an external mouthpiece

Q = 0.855a/2gH
(c) Discharge over a rectangular notch

= %CdeEQHE

(d) Discharge over right angled notch

5
Q-= %CdJE_gHE

6.7 (&

Assumptions made in Euler's equation
1. Steady flow 2. Flow is non-viscous

& +gdz+vav=0
p
Integrating

j%‘? + [ gdz+ fua = [0
Assuming-incompressible flow (p-constant)
£Jq9+gjm+jm=_[0

By
p

68 (O

Euler's equation of motion are applicable to
incompressible, non viscous fluids in steady or

(Euler eguation)

gz + = constant [Bernoulli's equation]

unsteady state of flow.
69 [0
Givendata, A=5cm? a=3cm?

h = 5 cm of water

C.Aa\f2gh
Q= —"F——7 crrﬂ*'s
VA? - 4

where, C, = 1 (assume), hisincm
A and aare incm?
g = 981cm/s?

B 1x5x3xy2x981x5

i (57 - (3F
= 371.42 cm®s = 370 cm®/s

Discharge,




Fel

7.2

7.3

7.4

A 7

If His the total head at inlet and his the head lost
due to Iriction, efficiency of power transmission
through a straight pipe is given by

H-h .
@ —5 ) Tan
H-h H
© Tih €@ 55

[ESE : 1995]

Water hammer in pipelines takes place when

(@) fluid is flowing with high velocity

(b) fluid is flowing with high pressure

(c) flowing fluid is suddenly brought to rest by
closing a valve

(d) flowing fluid is brought to rest by gradually
closing a valve

[ESE : 1995]

Assertion (A): There will be a redistribution of
pressure and velocity from inside of the bend o
the outside while a fluid flows through a pipe
bena.
Reason (R): The spacing between stream lines
will increase towards the outside wall and decrease
towards the inside wall to inside of the bend.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true
[ESE : 1995]

All experiments thus far indicate that there can
be a laminar flow in a pipe if the Reynolds number
1S below
(@) 2300
(c) 2000

(b) 4000
(d) 40000
(ESE : 1996)

Flow Through Pipes

7.5

7.6

1.7

Water flow through a pipeline having four different
diameters at 4 stations Is shown in the figure
pelow.

@ @ @ @
The correct sequence of station numbers in the
decreasing order of pressure is

(@) 3,1,4,2 (b) 1,3,2, 4
(c) 1.3,4,2 (d) 3,1,2. 4
[ESE : 1996]

During the measurement of viscosity of air flowing
through a pipe, we use the relation

a nd (_dp) ger tr dition that in tl
L 1280\ " dx unaer the condition that in the
measuring section

(a) tnereis a viscous zone near the wall and an
iInviscid core persists at the centre
(b) the entire cross-section is viscous
(c) the flow can be assumed as potential flow
(d) the flow is irrotational
[ESE : 1996]

If the energy grade line and hydraulic grade line
are drawn for flow through an inclined pipeline
the following four quantities can be directly
observed.

1. Static head

2. Fnction head

3. Datumhead

4. Velocity head

Starting from the arbitrary datum line, the above
types of heads will be in the sequence

a 3,.2.1. 4 (b) 3,4.2. 1
) 3.4,1,2 (d) 3,1,4,2
[ESE : 1996)
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7.8 Hydrodynamic entrance length for
(a) laminar flow is greater than that for turbulent
fiow
(b) turbulent flow is greater than that for laminar
flow
(c) laminar flow is equal to that for turbulent flow
(d) a given flow can be determined only if the
Prandtl number if known
[ESE : 1996]

7.9 Which one of the following statements is true for
fully developed flow through pipes?

(a) Theflowis parallel, has no inertia effects, the
pressure gradient is of constant value and
the pressure force is balanced by the viscous
force

(b) The flow is parallel, the pressure gradient is
proportional to the inertia force and there is
no viscous effect

(c) The flow is parallel, the pressure gradient is
negligible and the inertia force is balanced
by the viscous force

(d) The flow is not parallel, the core region
accelerates and the viscous drag s far too
less than the inertia force

[ESE : 1997]

7.10 Assertion (A): In the case of flow around pipe
bends, there will be redistribution of pressure and
velocity from inside bend to the outside bend.
Reason (R): Flow will be such that the stream
line spacing will decrease towards the inner bend
resulting in decrease of pressure head and
increase of velocity head at the inner wall.

(a) Both A and R are individually true and R is
the correct explanation of A

(o) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Ais false but R is true [ESE : 1997]

7.11 A pipe fiow system with flow direction is shown in
figure below:

Solved Papers
The following table gives the velocities and the
corresponding areas:
PipeNo. | Area(cm)’ | Velocity (cVs)

1. 50 10

2 50 V;

3. 80 5

4 70 5
The value of V, is
(a) 2.5cm/s (b) 5.0cm/s
(c) 7.5¢cm/s (d) 10.0cm/s

[ESE : 1998]

7.12 A liquid flows downward through at tapered
vertical portion of a pipe. At the entrance and exit
of the pipe, the static pressures are equal. If for a
vertical height 'h the velocity becomes four times,
then the ratio of ‘' to the velocity head at entrance

will be
VT
h
- 4v l
(a) 8 (b) 8
ic) B5 (d) 24 [ESE : 1998]

7.13 The equivalent length of the stepped pipeline
shown in the figure below, can be expressed in
terms of the diameter D as

| 1

o Lttt L —of— 4] —

(a} 525L (b) 95L
1 1
(©) 3351 (@) 3331

[ESE : 1998]

7.14 The pipe cross-sections and fluid flow rates are
shown in the figure below.

2 Us
~30em’
5Us | | ous
~& 40 cm 70cm’ —h=
T 10::1:2 I

6Ls
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The velocity in the pipe labelled as (A) is
(@ 1.5m/s (b) 3m/s
(c) 15m/s (d) 30 m/s
[ESE : 1999]

7.15 The elbow nozzle assembly shown in the Figure
below is in a horizontal plane. The velocity of jet
iIssuing from the nozzie is

(a) 4 m/s
(c) 24 m/s

(b) 16 m/s
(d) 30 m/s [ESE : 1999]

7.16 Paint A of head H, is at a higher elevation than
point Bof head H,. The head loss between these
points is H,. The flow will take place

AT

H, TB

Hg

(a) always from Ato B

(b) from Ato Bif Hy=Hg+ H,

(c) fromBto Aif H, + H, = Hg

(d) romBlo Aif Hy+ H, = H, [ESE: 1999]

7.17 The value of friction factor is misjudged by +25%
in using Darcy-Weisbach equation. The resulting
error in the discharge will be
(a) +25% (b) -18.25%

(c) -12.5% (d) +12.5% [ESE : 1999]

7.18 A tank containing water has two orifices of the
same size at depths of 40 cm and 90 cm below
the free surface of water. The ratio of discharge
through these orifices is
(@ 1:1 B) 23
(c) 4:9 (d) 1681 [ESE : 2000]

7.19 The velocities and corresponding flow areas of the
branches labelled 1,2, 3, 4and 5 for a

-

—
@ 2

pipe system shown in the given figure are given
in the following table:

Pipe Label | Velocity | Area

1. 5cmis | 4cm?
2 6cmis | Scm’
3 V,cmis | 2em?
4 4cmis | 10 cm?
5, \ cmis | 8cm?

The velocity V; would be

(a) 25¢cm/s (b) 5cm/s

(c) 7.5cm/s (d) 10 cm/s[ESE : 2000]

7.20 A pipe is connected in series to another pipe
whose diameter Is twice and length is 32 times
that of the first pipe. The ratio of frictional head
losses for the first pipe to those for the second
pipe is (both the pipes have the same frictional
constant)
(a) 8
(c}) 2 [ESE : 2000]

7.21 A pipeline connecting two reservoirs has its
diameter reduced by 20% due to deposition of
chemicals. For a given head difference in the
reservoirs with unaltered friction factor, this would
cause a reduction in discharge of
(a) 42.8% (b) 20%

(c) 17.8% (d) 10.6% [ESE : 2000]

(b) 4
(d) 1

7.22 Which one of the following statements is correct?

(a) Hydraulic grade line and energy grade line
are the same in fluid flow problems.

(b) Energy grade line lies above the hydraulic
grade line and is always parallel to it.

(c) Energy grade line lies above the hydraulic
grade line and they are separated from each
other by a vertical distance equal to the
velocity head.

(d) The hydraulic grade line slopes upwards
meeting the energy grade line only at the exit
of flow. [ESE : 2000]
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Flow Through Pipes

7.1 (8 7.2 (¢) 73 (@ 74 (¢ 7.5
710 (a) 711 (b) 7.12 (c) 7.13 (d)
7.19 (a) 7.20 (d) 7.21 (a) 7.22 (c)

Fow Though Pipes
B

H-h
Pipe
l A (inlet)

B (outiet)
Q—V
l ———

b=

H = Head at inlet of pipe
h, = Head lost due to friction
H - h, = Head available at outlet of pipe
Power al pipe inlet,

P, = pQgH
Power at pipe outlet,
P, =pQg(H-hy
- _PF_PGQ{H"hr]'_H“‘hr
Efficiency,. n= P - oQgH =7

When the water flowing in along pipe is suddenly
brought to rest by closing the valve or by any
similar cause, there will be sudden rise in pressure
due to the momentum of the moving water being
destroyed. This causes a wave of high pressure
to be transmitted along the pipe which creates
noise known as knocking. This phenomenon of
sudden rise in pressure in the pipe is known as
water hammer or hammer blow

7 8

For pipe fiow

Re < 2000 (Laminar flow)

2000 < Re < 4000 (Transition flow)
Re > 4000 (Turbulent flow)

7.14 (a)

76 (b) 7.7 (d) 78 (a 7.9 (a)
716 () 7.16 (b) 7.7 (c) 7.18 (b)

7.5 [C)

Pressure is least where velocity is highest and al
larger cross-section for constant discharge,
velocity lowers.

Datum line

75 [0

Hydrodynamic entrance length is the distance
from the entrance of a channel to the point where
the flow become hydrodynamically fully
developed.

7.9 (L)

For fully developed flow through pipes, the flow
Is parallel, has no inertia effect. The pressure
gradient is of constant value and the pressure
force is balanced by the viscous force.

7.11 [{3)]
Total discharge
Q,+Q,=Q,+Q,
= 0 x10+30x V,=80x5+70x3
! V, =5cm/s
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1.5% % x(0.9) = E % (0.025)° x ¥
V=24m/s

7.16 [{s))

The flow will take from higher elevation to lower
elevation provided the difference in total head is
greater than the head loss taking place during
the flow.

778

As per Darcy-Weisbach equation

afl  16Q°
h, = ¥ 5
2gd n’d
1

ie. Qe r

If fis misjudged by +25%, new Q will be

1
= o/
1 95 i.e 89%

i.e. itisreduced about 11%

proportional to
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7.12 (9| Al (b)
By Bernoulli's equation,
: ; Y O‘AH“‘JRJ@_E
g?—+h=1§i ,I, ;' ¥ Q, AV, \h 90 " 3
g g
” » EEe
=R Q,+0, = Q,
A . 54 +8V, = 4% 10
V2 | 2g V. = 25m/s
7.13 (00 7.20[C)
Q=0 +0,+0Q, L
he 12,
o  AQ  AQ 4O ézrxagzliﬁo’ )
= 123DP £ : - --
e 12.1[2] tal2k) 12.1x (20
% L3 L 7.21 [G)
D° D* 8D°
L 1 f1Q?
" = — e h =
Sk L+32L+E 3331'. e
8 -
S 62
y=Q_ 6x107 =15 m/s - 8
A 40x10* Q,

= _ 52 _
Q, - (0.8)" =0.5724

ad
wsesn (-3

1

= (1-0.5724) x 100 = 42.8



Vortex Flow

8.1

8.2

8.3

The parameters for ideal tiuid tlow around a rotating
circular cylinder can be obtained by superposition
of some elementary flows. Which one of the
following sets would describe the flow around a
rotating circular cylinder?

(@) Doublet, vortex and unitorm flow

(b) Source, vortex and uniform flow

(c) Sink, vortex and uniform fiow

(d) Vortex and uniform flow [ESE : 1997]

An inviscid, irrotational flow field of free vortex
motion has a circulation constant £2. The tangential
velocity at any point in the flow field is given by £/
r, where r, is the radial distance from the centre. At
lhe centre, there is a mathematical singularity which
can be physically substituted by a forced vortex.
At the interface of the free and forced vortex motion
(r=r,). the angular velocity wis given by

(@) 53— b) =
r [
(c) Qr. (d) QF [ESE:1997]

A right circular cylinder, open at the top is filled
with liquid of relative density 1.2. Itis rotated about
its vertical axis al such a speed that half the hiquid
spills out. The pressure at the centre of the bottom
will be

I Vortex Flow

8.1 (a 82 (a) 83 (a 84 (b) 8.5
Explanations RISUSLNY
8.2 [0
FFree vortex,
Vr = constant = €2 (given)
Q

V=
r

8.4

8.5

(a) zero
(D) one-fourth of the value when the cylinder was
full
(c) half of the value when the cylinder was full
(d) not determinable from the given data
[ESE : 1998]

Assertion (A): A cylinder, partly filled with a liquid,

s rotated about its vertical axis. The rise of liquid

level at the ends is equal to the fall of liquid level

al the axis.

Reason (R): Rotation creates forced vortex

maotion.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butRis false

(d) Ais false but R is true [ESE : 1999]

The eye of a tornado has a radius of 40 m. If the
maximum wind velocity is 50 m/s, the velocity at
a distance of 80 m radius is
(a) 100 m/s (b) 2500 m/s
(c) 31.25m/s (d) 25 m/s

[ESE : 2000]

Forced vortex,
V=

v

W= -

r

= rf
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Q
V= — (Free vortex) f
I -
o=" (Forced vortex)
e 1 {‘
&
= 22
W= ) _9Q
= . = r,f )

When cylinder is rotated such that half of the liquid
spills out. Then liquid left in cylinder at height

<
2
- T
3
e Z
i A

Initial condition
and liquid will rise at the wall of the cylinder by
the same amount as it falls at the centre from its
original level at rest.

Final Condition

8.4 (O

Both A and B are true. But R is not satisfactory
explanation for A. The liquid rise up the wall is
same as liquid fall at centre because the volume
of a paraboloid of revolution is equal to half the
volume of the cylinder circumscribing the
paraboloid.

(d)

Angular momentum is conserved.

S MVl -flﬂl"zfg

= Vi, =Vl

= 50340:?2?(30
= v, =25 m/s

o
in



Laminar Flow

9.1 For fully developed laminar flow through a pipe
the volumetric flow is given by (symbols have
the usual meaning)

@ =P (-2) o A

8l az au az
R paf_ap R paf_9p
© azpﬂ[ dz] (d) 16;1#( dzJ
[ESE : 1995]

9.2 Which one of the following velocity distributions
of u/U_ satisfies the boundary conditions for
laminar flow on a flat plate? (Here U _is the free
stream velocity, u is velocity at any normal
distance y from the flal plate, n = y/o and o is

boundary layer thickness)
@ n-n? (b) 1.5n-0.5¢°
(€) 3n-n° (d) cos(m/2)
[ESE : 1996]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two statements carefully and select the answers to these
tems using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true

Answers

91 (a 92 (b) 93 (a 94 (a 95 (¢

9.3

9.4

9.5

9.6

Assertion (A): Nature of the fluid flow in pipe does
not depend entirely on average velocity but Is
actually a tunction of the Reynolds number.
Reason (R): Reynolds number depends not only
on average velocity but also on the diameter of
the pipe and kinematic viscosity of the fluid
[ESE : 1995]

Assertion (A): For a fully developed viscous flow
through a pipe the velocity distribution across any
section is parabolic in shape.
Reason (R): The shear stress distribution from
the centre line of pipe upto the pipe surface
increases linearly.

[ESE : 1996]

If laminar flow takes place in two pipes, having

relative roughness of 0.002 and 0.003, at a

Reynolds number of 1815, then

(a) the pipe of relative roughness of 0.003 has a
higher friction factor

(b) the pipe of relative roughness of 0.003 has a
lower friction factor

(¢} both pipes have the same friction factor

(d) nocomparison is possible due to inadequate
data [ESE : 2000]

A pipe of 20 cm diameter and 30 km length
transports oil from a tanker to the shore with a
velocity of 0.318 m/s. The flow is laminar. If
u = 0.1 N-s/m#, the power required for the flow
would be
(a) 9.25 kW (b) 8.36 kW
(c) 7.63 kW (d) 10.13kW

[ESE : 2000]

9.6 (c)
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Laminar Flow

Explanations

o1 (0

For steady laminar flow through a circular pipe

velocity
Ve l'-|-|.l [ dz ]( r" )

The discharge Q passing through any cross-

section
dQ = UdA = N2rrar
R(_9P)ig2_2
i 4}1[ o (R? -7 )(2nr)ar
By integration
R
0= o -2)fy & - ar
_®(_9p
we Bu[ BI)R‘
0.2 [{3)

au
For laminar flow }a—{ =0
y?.,ﬁ

Equation (b) only satistied this equation.

9.3 [E))
Reynold's number decides the fluid flow is laminar
or turbulent, i.e. Nature of fluid flow.

HE:@

H
9.4 [

For laminar flow through a circular pipe (Radius RA)
dp \r

hear sir istributiont = | -=— |
Shear stress distribution t [ ax]E

i.e. te=r (linear variation)
Velocity distribution,

sy

2
Unnax [1 s };—1’} (Parabolic Profile)

where

_ _3_F]g-?
i .a =

This velocity distribution is derived from linear
stress profile

" 1 (f;‘,ﬂ]r2 ——— ,
ntegrating MEIE (1)
Boundary conditions
Al raHu=0
1 ap]FF
2ulox/ 2
c:-i(a—p]f
2ul\adx ) 2

Putting constant ¢in Eq. (1)

e R 5

(Fixed plate/pipe)

+c=0

mer
- 2]

Parabolic distribution of velocity.

95 [0
In a laminar flow friction factor is independent of
relative roughness

. Power=ApxQ= 32512”1":{%02 X U

= Bruv?l =B xnx0.1x(0.318)% x30
= 7.63 kW
EEER



Turbulent Flow

10.1 The frictional head loss in a turbulent flow through
a pipe varies
(a) directly as the average velocity
(b) directly as the square of the average velocity
(c) Inversely as the square of the average velocity
(d) inversely as the square of the internal diameter

of the pipe
[ESE : 1995]
au av
10.2 If —+— =0 for a turbulent flow then i signifies
dx dy

that
(a) bulk momentum transter is conserved
(b) u’ v’ is non-zero and positive
(c) turbulence is anisotropic
(d) none of the above
[ESE : 1996]

10.3 Inaturbulent flow, U ,v and w are time average
velocity components, The fluctuating components
are u’, v’ and respectively w’. [he turbulence is
said to be isotropic if
(@ u=v=w

#

(b) U+ =V+V' =W+W

© (@ +(@) =(w)°

(d) None of the above situations prevails
[ESE : 1997]

Turbulent Flow

Answers

10.1 (o) 102 (b) 103 (b) 10.4 (d) 10.5

10.4 Shear stress in a turbulent flow is due to
(a) the viscous property of the fluid
(b) the fluid density
(c) fluctuation of velocity in the direction of flow
(d) fluctuation of the velocity in the direction of
flow as well as transverse to it

[ESE : 1997]

10.5 In a turbulent flow, L is the Prandtl’ s mixing length

ol
and @ is the gradient of the average velocity in

the direction normal to flow. The final expression
for the turbulent viscosity v; is given by

(a) u,=L(a——E] b) v, = ""”7]

dy ~ 2\ oy

_2[ 24 _1f9u

[E} ”"L{Br] ) v'dt[ay]
[ESE : 1997

10.6 In a fully turbulent flow through a rough pipe. the
friction factor f is (Re is the Reynolds number
and K/Dis relative roughness)

(a} afunction of Re
(b) afunction of Re and k/D
(c) afunction of kD
(d) independent of Reand KD
[ESE : 1998]

(c) 10.6 (c)
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Tubulent Flow
®

Frictional head loss in a turbulent flow through pipes
are proportional to U"(where, 1.7 < n< 2)

(b)

Turbulence is said to be isotropic if
U+t =V+v'=W+w

(@)

Due to continuous and quick fluctuations in velocity
components in all the three directions, continuous
mixing of liquid takes place in turbulent flow. This
results in a lot of transfer of momentum which
results in shear stresses in case of turbulent flow
in addition to the viscous shear stresses. The total
shear is the sum of viscous shear and the turbulent
shear.

T=f—4+n—
de “'I-ﬂ,}F

(c)

By Prandti’'s mixing length theory

Shear stress
(3

e {S)
n= o2

(e)

In case of turbulent flow, friction factor depends
on Reynolds number and surface roughness.

1 R
— =2, —£ |+1.74



Boundary Layer Theory

11.1 List-l gives the different items related to a
boundary layer while List-ll gives the
mathematical expression. Match List-1 with List-l|
and select the correct answer using the codes
given below the lists: (symbols have their usual
meaning)

List-l

Boundary layer thickness

Displacement thickness

Momentum thickness

Energy thickness

List-1l

1. y=0,u=0990_

- i

ocow>»

5 U u
§ PElyn
Xr u,]"”
5 U uY
o %x ]"-"’
Codes
A B C D
(a 1 2 3 4
(b) 2 i 4 3
€ 2 1 3 4
(d 1 2 4 3

[ESE : 1995]

11.2 A laminar boundary layer occurs over a flat plate
at zero incidence of the flow. The thickness of
boundary layer at a section 2 m from the leading
edge is 2 mm. The thickness of boundary layer
at a section 4 m from the leading edge in mm

will be
(a) 2x(2) (b) 2x(2)"?
(c) 2x(2)¥s (d) 2x(2)'®
[ESE : 1995]

11.3 Inthe region of the boundary layer nearest to the
wall where velocity is not equal to zero, the
viscous forces are
(a) of the same order of magnitude as the inertial

forces
(b) more than inertial forces
(c) less than inertial forces
(d) negligible
[ESE : 1995]

11.4 In which one of the following cases separation of
boundary layer must occur?

(@8 ——-<0
(b) —==0

(c) —>0

d
(d) d—f >0 and the velocity profile has a point

of inflection
[ESE : 1995]

11.5 At the point of boundary layer separation
(a) shear stress is maximum
(b) shear stress is zero
(c) velocity is negative
(d) density variation is maximum

[ESE : 1996]
11.6 The turbulent boundary layer thickness varies as
(a) x*° (b) x'®
{C} _1.'._..'3-‘ {{j} 17

[ESE : 1996]

11.7 During the growth of turbulent boundary layer over
aflat plate for a moderately high Reynolds number,
the boundary layer thickness, & varies as
(a) x'® (b) x%

(c) »** (d) x™®
[ESE : 1997
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11.8 Given that
0 = boundary layer thickness,
8" = displacement thickness,
&= energy thickness and
6 = momentum thickness
The shape factor Hof a boundary layer is given by

5, )
=2 b) H=—
@ H 5 () 0
_S _o
(c) H= 8 (d) H—E;
[ESE : 1997]
11.9 If U_= free stream velocity, u = velocity at a

distance yand 6 = boundary layer thickness. then
in a boundary layer flow, the momenium thickness
0 is given by

i

@ o= o

®) H=J: ]]

© 8 u .
°=ls u—J [*'ﬁ']"”

A o= 1—~-§-]dy

[ESE: 1997]

11.10 Flow separation is caused by
(a) reduction of pressure to local vapour pressure
(b) anegative pressure gradient
(c) apositive pressure gradient
(d) thinning of boundary layer thickness to zero
[ESE : 1997]

11.11 In a boundary layer developed along the flow,
the pressure decreases in the downstream
direction. The boundary layer thickness would

(a) tendtodecrease
(b) remain constant
(c) increase rapidly

(d) increase gradually [ESE : 1998]

11.12 Boundary layer is defined as
(a) athinlayer at the surface where gradients of
poth velocity and temperature are small
(b) athin layer at the surface where velocity and
velocity gradients are large
(c) athick layer at the surface where velocity and
temperature gradients are large

(d) athinlayer at the surface where gradients of
both velocity and temperature are large
[ESE : 1998]

11.13 For turbulent boundary layer flow, the thickness
of laminar sublayer & is given by

@ © 5]

() 5.?5Ing(f—;) (d) zam[-}]
[ESE : 1999]

11.14 The correct sequence in ascending order of the
magnitude of the given parameters is
(a) boundary layer thickness, momentum
thickness, displacement thickness
(b) displacement thickness, boundary layer
thickness, momentum thickness
(c) momentum thickness, displacement
thickness, boundary layer thickness
(d) momentum thickness, boundary layer
thickness, displacement thickness
[ESE : 1999]

11.15 The hydrodynamic boundary layer thickness is
defined as the distance from the surface where
the
(a) velocity equals the local external velocity
(b) velocity equals the approach velocity
(c) momentum equals 99% of the momentum of

the free stream
(d) velocity equals 99% of the local external
velocity [ESE : 1999]

11.16 A viscous fluid flows over a flat plate at zero

angle of attack.

Assertion (A): The thickness of boundary layer

IS an ever increasing one as its distance from

the leading edge of the plate increases.

Reason (R): In practice, 99 per cent of the depth

of the boundary layer is attained within a short

distance from the leading edge.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Alsfalse butRis true [ESE : 1999]
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11.17 The development of boundary layer zones
labelled P, Q, Rand Sover a flat plate is shown
in the figure below.

-

Based on this figure, match List-1 (Boundary layer
zones) with List-1l (Types of boundary layer) and
select the correct answer using the codes given

below the lists:
List-I List-ll
AL P 1. Transitional
B. Q 2. Laminar viscous sub-layer
C. R 3. Laminar
D. § 4. Turbulent

Bounduwl.nm'l‘lnory
111 (&) 11.2
11.10 (¢) 11.11 (3) 11.12 (d)
11.19 (c)

[ETIIIEIIY soundary LaerTheory
N

Boundary layer thickness- It is defined as the
distance from the boundary in which the veiocity
reaches 99% of the free stream velocity.

Displacement thickness:- It is defined as the
distance perpendicular to the boundary by which
the boundary will have to be displaced outward
so thal the actual discharge would be same as
that of an ideal fluid past the displaced boundary.

: u
R “_ LI
y ﬂ U..]"”’
Momentum thickness: It 1s defined as the distance

measured perpendicular from the actual boundary
such that the momentum fiux through this distance
equal to the defict of momentum flux due to boundary
layer formation.

oo (-2

(b) 11.3 (b) 11.4 (©) 115 (b) 116 (3
11.13 () 11.14 (¢)

Qhred Papers
Codes:
A B C D
@3 1 2 4
)3 2 1 4
c) 4 2 1 3
4 1 2 3 [ESE : 2000]

11.18In a turbulent boundary layer over the entire
length of a plate, the boundary layer thickness
increases with its distance x from the leading

edge as
{E} IIJE (ﬂ} xT'E
(c) x5 (d) x**  [ESE:2000]

11.19 Separation of fluid flow is caused by
(a) reduction of pressure in the direction of flow
(b) reduction of the boundary layer thickness
(c) presence of adverse pressure gradient
(d) presence of favourable pressure gradient
[ESE : 2000]

11.8 (b)
11.17 (a)

11.9 (a)
11.18 (d)

11.7 (¢
11.16 (d) 11.16 (d)

Energy thickness: It is a distance perpendicular
to the boundary by which the boundary have to
be displaced to compensate for reduction In
kinematic energy of fluid caused due to formation
of boundary layer,

b= |- [

(0)
1

Thickness of laminar boundary (8§) o< x?

2 _ 8
N
§ = 22 mm

(6)

At nearest to the wall viscous forces are more
than inertia forces.
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(b)

At the verge of separation [QE] IS Zero
ay ) 0

. Shear stress: t = u(&_u] s also zero
j-l':ﬂ

dy
116 fO

§ 0379 0379
L
doc x5

(c)

In turbulent flow boundary layer thickness

4 /5
5. 0377 B [:_J

(Re,)"® -
11.8 0O

Shape factor =

(@)

Momentum thickness: Il is defined as Lthe
distance measured perpendicular from the actual
boundary such that the momentum flux through
this distance is equal to the deficit of momentum
flux due to boundary layer formation.

o))
11.10 [
ap

When the pressure goes increasing (E > ﬂ] in

Displacement thickness
Momentum thickness

the direction of flow, the pressure force acts
against the direction of direction of flow thus
retarding the flow. This has an effect of retarding
the flow in the boundary layer and hence thickening
the boundary layer more rapidly, This and the
boundary shear bring the fluid in the boundary
layer to rest and causes back flow. Due to this
the boundary layer no more sticks to the boundary
but is shifted away from the boundary. This
phenomenon is called as "Boundary layer
separation”.

(a)

Boundary layer thickness decreases for favorable
pressure gradient

11.12 [0

The boundary layer thickness (8) is the distance
across a boundary layer from the wall to a point
where the flow velocity has essentially reached
the free stream velocity. Thus velocity gradient
will be large. It is thin shear layer.

Similarly thermal boundary layer exist in heat
iransfer. Multiple type of boundary layer can
coexist near a surface simultaneously.

)
Nikuradse's experiment
Laminar sub layer,

5v 5Sv

5:‘ =-l—.
i‘_n. o
P

(c)

Momentum thickness < displacement thickness
< boundary layer thickness

EE

Boundary layer thickness:- It is defined as that
distance from the boundary in which the velocity
reaches 99% of the main stream velocity.

116 [0

The thickness of boundary layer increases as its
distance from leading edge of plate increases,
hut after some distance boundary layer breaks.

(@)

e

P : l
: ﬂw& _o. Laminar
L j e
%
[ repie——————————|
Laminar BL Turbulent

Transition Pounday layer

(@)

-
| u



Open Channel Flow

(Not in Syllabus)

12.1 A hydraulic jump occurs in a channel
(a) whenever the flow is supercritical
(b) if the flow is controlled by a sluice gate
(c) it the bed slope changes from mild to steep
(d) if the bed slope changes from steep to mild
[ESE : 1997]

12.2 Consider the following statements regarding a
hydraulic jump:

1. There occurs a transformation of supercritical
flow to subcritical tlow.

2. The flow is uniform and pressure distribution
1s due to hydrostatic force before and after
the jump.

3. There occurs loss of energy due to eddy
formation and turbulence.

Open Channel Flow

121 (8 122 (a) 123 (a)

Open Channel Flow
@

The hydraulic jump is defined as the sudden and
turbulent passage of water from a supercritical
state.

(@)

Assumptions for hydraulic jump.

() It is assumed that before and after jump
formation the tlow is uniform and the pressure
distribution is hydrostatic

(i) The length of the jump is small so that the
losses due to friction on the channel floor are
small and hence neglected

(i) The channel flow is horizontal or the slope is
so gentle that the weight component of the
water mass comprising the jump is negligibly
small.

Which of these statements are correct?
(a) 1,2and 3 (b) 1and 2
(c) 2and 3 (d) 1and 3
[ESE : 1999]

12.3 Assertion (A): To have maximum hydraulic
efficiency, the trapezoidal section of an open
channel should be a hali-hexagon.

Reason (R): For any cross-section, a hexagon

has the least perimeter

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Ais false but R is true

[ESE : 1999]

et T TR s

Most economical or most efficient trapezoidal
channel section: For a trapezoidal channel
section of bottom width B, depth of flow y and
side slope z horizontal to 1 vertical (as shown In
figure), following expression for wetted area Aand
wetted perimeter P can be written

= (B+Z2y) ¥ e (1)
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P=B+2y(1+2) wie (i) A 2
from eqaution (i) V2 tZ = A1+
- A_ 2y Substituting the value of A from equation (i) the
y above equation becomes

Substituting the value of B in equation (ji) it
becomes

A
P - F—zy+2r~h+22 ... i)

Assuming area A and side slope z1o be constant
equation (iii) can be differentiated with respect to
yand equated to zero for obtaining the condition
for

Minimum P.

®__A ol
Thusﬂy_ 7 z+21+2° =0

(B+y?)y+z= 1+2

B= E}’(W-z) o (11

Equation (iv) is the required condition for a
trapezoidal channel section to be most economical
or most efficient. It shows that for a trapezoidal
channel section to be most economical or most
efficient, half the top width must be equal to one

of the sloping sides of the channel i.e. hexagon,
RUES



Drag and Lift

13.1 For solid spheres falling vertically downwards
under gravity in viscous fluid, the terminal velocity,
Vvaries with diameter D of the sphere as
(a) Ve D" for all diameters
(b) Ve D?for all diameters
(¢) Ve D' forlarge Dand Ve D? for small D
(d) Ve D?forlarge Dand Ve D' for small D

[ESE : 1995)

13.2 Flow over a half body is studied by utilizing a
free stream velocity of 5 m/s superimposed on a
source at the origin. The body has a maximum
width of 2 m. The co-ordinates of the stagnation
point are
(@ x=032m,y=0
(b) x=0,y=0
() x=-032m,y=0
(d) x=3m, y=2m [ESE : 1995]

13.3 During the flow over a circular cylinder, the drag
coefficient drops significantly at a critical
Reynolds number of 2 x 10°. This is due to
(a) excessive momentum loss in the boundary

layer
(b) separation point travelling upstream
(c) reduction in skin-friction drag
(d) the delay in separation due to transition to
turbulence
[ESE : 1996]

13.4 Telephone wires often snap due to crossflow of
wind past the wires. The main reason for this is
(a) the force exerted by the wind on the wires is
large in magnitude
(b) poor quality of the work executed
(c) wide variation of wind velocity in magnitude
(d) vortex shedding [ESE : 1997]

13.5 Which one of the following statements is true of
flow around a submerged body?

(a) For subsonic, non-viscous flow, the drag is
Zero.

(b) For supersonic tlow, the drag coefficient is
dependent equally on Mach number and
Reynolds number.

(c}) The lift and drag coefficients of an aerofoil is
independent of Reynolds number,

(d) For incompressible flow around an aerofoil,
the profile drag is the sum of form drag and
gkin friction drag.

[ESE : 1998]

13.6 Consider the following statements:

1. The cause of stalling of an aerofoil is the
boundary layer separation and formation of
increased zone of wake,

2. An aerofoil should have a rounded nose in
supersonic flow to prevent formation of new
shock.

J. When an aerofoil operates at an angle of
incidence greater than that of stalling, the lift
decreases and drag increases

4. Arough ball when at certain speeds can attain
longer range due to reduction of lift as the
roughness induces early separation

Which of these statements are correct?

(a) 3and 4 (b) 1and 2

(c) 2and 4 (d) 1and 3

[ESE : 1999]

13.7 A parachutist has a mass of 90 kg and a projected

frontal area of 0.30 m? in free fall. The drag
coefficient based on frontal area is found to be
0.75. If the air density is 1.28 kg/m”, the terminal
velocity of the parachutist will be

(a) 104.4m/s (b) 78.3m/s
(c) 2o mys (d) 18.5m/s
[ESE : 1999]
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13.8 Acircular cylinder of 400 mm diameler is rotated

about its axis in a stream of water having a uniform
velocity of 4 m/s. When both the stagnation points
coincide, the lift force experienced by the
cylinder is

(a) 160 kN/m (b) 10.05kN/m
() BOKN/m (d) 40.2 KN/m
[ESE : 2000]

13.9 An automobile moving at a velocity of 40 km/hr is

experiencing a wind resistance of 2 kN. If the
automobile is moving at a velocity of 50 km/hr,
the power required to overcome the wind
resistance is

(a) 43.4 kW (b) 3.125 kW
(c) 25 kW (d) 27.776 kW
[ESE : 2000]

13.10 When a cylinder is placed in an ideal fluid and

the flow is uniform, the pressure coefficient Cp IS
equal to

(@) 1-sin@ (b) 1-2sin%0
(c) 1-4sin°@ (d) 1-8sin8
[ESE : 2000]

EXERZIEY oreg and i

() 13.2 (c) 13.3 (d) 13.4 (d) 135 (d) 136 (d) 13.7 (b) 13.8 (b) 139 (a)
13.10 (¢) 13.11 () 13.12 (@) 13.13 (d)

Explanations ILIERALI
131 [0

13.1

Stokes' formula forms the basis for determination
of viscosity of oils which consists of allowing a
sphere of known diameter to fall freely in the oil.
After initial acceleration. The sphere attains a
constant velocity known as Terminal Velocity

Which is reached when the external drag on the

surface and buoyancy, both acting upwards and
in opposite to the motions, become equal to the
downward force due to gravity.

4
EnpU,H+EIF|’3pg = %nﬁ‘sp,g

(drag) + (Buoyancy) = (Gravity)
p = density of fluid
P, = density of the sphere matenal

13.11 Which one of the following sets of standard flows

s superimposed to represent the flow around a
rotating cylinder?

(a) Doublet, vortex and uniform flow

(b) Source, vortex and uniform flow

(c) Sink, vortex and uniform flow

(d) Vortex and uniform flow [ESE : 2000]

13.12 Improved streamlining produces 25% reduction

in the drag coefficient of a torpedo. When it is
travelling fully submerged and assuming the
driving power o remain the same, the increase
in speed will be
(a) 10%
() 25%

(b) 20%
(d) 30% [ESE:2000]

13.13 When pressure drag over a body is large as

compared to the friction drag, then the shape of
the body is that of
(a) anaerofoll
(b) astreamlined body
(c) atwo-dimensional body
(d) a bluff body
[ESE : 2000]

U, = terminal velocity
4
6ul, = 37 (P -p)g

2R°

U, = Q(F’: -plg
D?
= ﬁ{pf -p)g

(c)
A is the stagnation point and Qs the origin.

q 2x5

= =032m
2nv 2mxb5

_I=
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1

F =—pxnDLxv*

o
2
The drag coefficient remains practically constant i - [ﬁ)
until a Reynold's number of 2 x 10%is reached. At AR WY
this stage the C, drops steeply by a factor of 5. s
This is due to the fact that the laminar boundary = K= 2[—)
layer turns turbulent and stays unseparated over

= £ o
a longer distance, then reducing the wake = 2x(1.25)° = 3.125 kN

considerably. :
Power = 3.125 x [5{}1 E)kw
@
The 'singing’ of telephone or transmission line wire =434 kW

in high winds is caused when the frequency of (c)
voriex shedding is close to the natural frequency

ok the wiiie For rotating cylinder
. i’
(d) Po= Paoor
(i) for subsonic and supersonic flow drag force
is dependent on Mach number. PR 7 4sin@
(i) The coefficient of drag in the case of an aerofoll Ar’Reve ulnrR
will necessarily depends on Re and its shape. For ideal flow
{b} 1=0
1 P BB
Weight of parachutist = Cy X EPFEA Fg~P= F= 2g Ce
where
90 x981 = n.?ax%m.zaxv’xu.s Co=1-4sin%8

13.13 JC)

A bluff body is one in which the length in the flow
direction is close to or equal to the length

J 90x9.81x2
Y= \0.75%0.3x1.28

= m = 78.3m/s perpendicular to the flow direction. This results in
a unique characteristics, that skin friction drag is

(b) much lower than pressure drag.
W m

1
Lift force = EpAVE



Dimensional Analysis

14.1 A dimensionless group formed with the variables
p (density), o (angular velocity), u (dynamic
viscosity) and D (characteristic diameter) is

]

Py pol>
(a) n? (b) n
(€) pwuD? (d) popD [ESE: 1995]

14.2 The model of a propeller, 3 m in diameter, cruising
at 10 m/s in air, is tested in a wind tunnel on a
1: 10 scale model. If a thrust of 50 N is measured
on the model at 5 m/s wind speed, then the thrust
on the prototype will be
(a) 20,000N
(c) 500N

(b) 2000N
(d) 200N [ESE : 1995]

14.3 Match List-l (Predominant force) with List-ll
(Dimensionless numbers) and select the correct
answer using the codes given below the lists:

List-l

Compressibility force

Gravity force

surface tension force

. Viscous force

List-1l

Euler number
Froude number
Mach number
Heynolds numbers
Weber number

odes:

oow>»

O e N

(a)
(D)
()
(d)

14.4 Kinematic similanty between model and prototype
IS the similarity of
(a) shape
(c) stream

N WO W — P
- NN m
& 0w O

- N s 2D

3 5 (ESE : 1996]

(b) discharge
(d) forces
[ESE : 1996]

14.5 The variables controlling the motion of a floating
vessel through water are the drag force F, the
speed v, the length L, the density p, dynamic
viscosity p of water and gravitational constant g.
If the non-dimensional groups are Reynolds
number (Re), Weber number (We), Prandti number
(Pr)and Froude number (Fr), the expression for F
IS given by

F

(a) T

= f(Re)

= F
(D) pV‘sz f(RE* r)

F
pvz.f.?

F
p'r"'ELE

(c)

= f(Re, We)

(d) =f(Re, Fr)

[ESE : 1997]
14.6 Euler number is defined as the ratio of inertia force
(]
(a) viscous force
(c) pressure force

(b) elastic force
(d) gravity force
[ESE : 1997]

14.7 If 'n' variables in a physical phenomenon
contained 'm' fundamental dimensions, then the
variable can be arranged into
(a) ndimensionless terms
(b) mdimensionless term
(c) (n-m)dimensionless terms
(d) (n+ m)dimensionless terms

[ESE : 1998]

14.8 A 1 : 20 model of a spillway dissipated 0.25 hp
The corresponding prototype horsepower
dissipated will, be
(a) 0.25hp
(c) 447.20hp

(b) 5.00hp
(d) 8944.30hp
[ESE : 1998]
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14.9 A 1:256 scale model of a reservoir is drained in
4 minutes by opening the sluice gate. The time
required to empty the prototype will be
(a) 128 minutes
(b) 64 minutes
(c) 32minutes
(d) 25.4 minutes

[ESE : 1999]

14.10 A sphere is moving in water with a velocity of
1.6 m/s. Another sphere of twice the diameter is
placed in a wind tunnel and tested with air which
Is 750 times less dense and 60 times less
viscous than water. The velocity of air that will
give dynamically similar conditions is
(a) 5m/s (b) 10 m/s
(c) 20m/s (d) 40 m/s

[ESE : 1999]

14.11 If the number of fundamental dimensions equals
'm’, then the repeating variables shall be equalto
(a) mand none of the repeating variables shall

represent the dependent variable
(b) m + 1 and one of the repeating variables
shall represent the dependent variable
(c) m+ 1 and none of the repealing variables
shall represent the dependent variable
(d) mand one of the repeating variables shall
represent the dependent variable
[ESE : 1999]

Dimunﬂonll Analysis
141 (b) 142 (a) 14.3 (b)

14.10 (b) 14.11 (a) 14.12 (c) 14.13 (a)

EEIIIIN) Dimensional Analysis
(b)

Let n=p* D% %
MPLOTO = [ML3R[LIPIML ' T[T ']
a+c=0 L0
-3a+ b-c=0 e (i)
—-1=0 . (iii)
Hencea=1,b=2, and c=-1

pmD?
11

=

144 (b) 145 (d)

Solved Papers

14.12 A ship model 1/60 scale with negligible friction
IS tested in a towing tank at a speed of 0.6 m/s.
If a force of 0.5 kg is required to tow the model,
the propulsive force required 1o tow prototype

ship will be
(8) 5MN (b) 3MN
(€) 1MN (d) 0.5MN

[ESE : 1999]

14.13 The dimensionless group formed by wavelength
A, density of fluid p, acceleration due to gravity
g and surface tension @, is

@) = (b) —5
Aigp MgPp
og p
© 3 @ o
[ESE : 2000]

14.14 | the full-scale turbine is required to work under
a head of 30 m and to run at 428 rpm, then a
quarter-scale turbine model tested under a head
of 10 m must run at

(a) 143rpm (b) 341 rpm
(c) 428 rpm (d) 988 rpm
[ESE : 2000]
EEER
146 (c) 14.7 (c) 148 (d) 149 (b)

14.14 (d)

Alternate solution: Check the dimensions
individually.

(a)

Thrust of model (p"’z'ﬂe]m
Thrust of prototype (pvch?)p

rototype

2 - (5
Fp 10) \10

F, = 20,000 N
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143 I8 s [0

Inertia force
Euler number =
Pressure force Ve Jl = —p‘fﬂﬂz = —F{J_ 20)*(20y°
Froude number = Inertia force
Gravity force = 8944.3hp
Weber number = Inertia force (b)
Surface tension force i
i [ e +JN
.
iIScou
S L= V2B X,

14.4 () - 16 x 4 = 64 min

Kinematic similarity: If the ratio of velocity and
- s (0)
acceleration at the corresponding points in the

model and prototype are same then there exist For dynamically similar condition
kinematic similarity. Re; = Re,
s 0 B0, _ piity
Drag force, F= ¢ (V, p, U, L, @) ’ ’
750ps x1.6x0D,  p,V,20,
F pVL V 2 )
7z =0 2= |= o(Re ) "
pLEVE C{ M ﬂ] ( BU"I'E 2
750x1.6
14.6 Q) 1= eox2 - oms
Euler number:
. 12 (a)
Inertia force v . ,
E= =— Rules for selecting repeated variable.
Pressureforce Jop : _
Webe b i. Number of repeated variables is equal to
e B v number of fundamental guantities.

) [ Inertiaforce ) . 2. Repeated variable must be selected from

| Surfacetension :fcr!pt independent variables.
Mach number:

14.1
U Inertiaforce v ()
Elasticforce Jf(a"p For dynamic similarity, as per Froude law

14.7 [0 | [T;f],f (&L

Buckingham's x theorem: It states that if there

are 'n’ variable involved contain physical Vi hﬁ\(_
phenomenon and if these variable contain 'm’ Vo = VLo =

primary dimensions (e.g. M, L, T) then the variable Propulsive force of prototype
quantities can be expressed in terms of an v, 2 L 2
equation containing (n-m) dimensionless groups Fo = Fm ] x[—]
Or parameters.

|

= 05x10x(60)*= 1080000N = 1 MN
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14.13 J00 14.14 [

Total number of constant =4 -3 =1 gH gH
o (), o
e ‘."[1='4|-".p .gc.ﬂ' " m
MOLOTO = (3301c pp 7202 S -2 )
a M- d, WH
* b==1,¢c=-1,a=-2 o P
ﬂ:1=_:I =428H43:JE = 988 rpm
A°Qgp 30
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1.1

Thermodynamic System,

Processes and Zeroth Law

The correct sequence of the decreasing order of

the value of characteristic gas constants of the

given gases Is

(a) hydrogen, nitrogen, air, carbon dioxide

(b) carbon dioxide, hydrogen, nitrogen, air

(c) air, nitrogen, carbon dioxide, hydrogen

(d) nitrogen, air, hydrogen, carbon dioxide
[ESE : 1995]

1.2 Assertion (A): If an alcohol and a mercury

1.3

thermometer read exactly 0°C at the ice point and
100°C at the steam point and the distance between
the two points is divided into 100 equal parts in
both thermometers, the two thermometers will give
exactly the same reading at 50°C
Reason (R): Temperature scales are arbitrary.
(a) both A and R are true and R is the correct
explanation of A
(b) both A and R are true but R is not a correct
explanation of A
(c) Aistrue butR is false
(d) Aisfalse butRis true
[ESE : 1995]

Zeroth Law of thermodynamics states that

(@) two thermodynamic systems are always in
thermal equilibrium with each other

(b) if two systems are in thermal equilibrium, then
the third system will also be in thermal
equilibrium

(c) two systems not in thermal equilibrium with a
third system will also not be In thermal
equilibrium with each other

1.4

1.5

1.6

(d) when two systems are in thermal equilibrium
with a third system, they are in thermal
equilibrium with each other

[ESE : 1996]

Two blocks which are at different states are brought
into contacl with each other and allowed to reach
a final state of thermal equilibrium. The final
temperature attained is specified by the

(a) Zeroth law of thermodynamics

(b) Firstlaw of thermodynamics

(c) Second law of thermodynamics

(d) Third law of thermodynamics [ESE : 1998)

A closed thermoedynamic system is one in which

(a) there is no energy or mass transfer across
the boundary

(b) there is no mass transfer, but energy transfer
exists

(c) thereis noenergy transfer, but mass transfer
exists

(d) both energy and mass transfer take place
across the boundary, but the mass transfer
s controlled by valves [ESE : 1999]

Which one of the following is the extensive
property of a thermodynamic system?

(a) Volume (b) Pressure

(c) Temperature (d) Density [ESE : 1999]
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Thermodynamic System, Processes and Zeroth Law

B

@ 1.2 (@ 13 (d 1.4 (o) 1.5

(b)

1.6

(a)

Thermodynamic System, Processes and Zeroth Law
1.1 8

1.2

1.3

Characteristic gas constant.

p  Universal gas constant(R)
Molecular weight(M)

1
Hence, H e« —
M

Molecular weight of gases are
Hydrogen 2
Nitrogen . 28
Alr - 29
Carbon dioxide : 44

Hence Ay, > Ay, > Ry > Agp,

d)

The expansion of different fluid does not vary
linearly with temperature.

d)

Zeroth law of thermodynamics states that when
a body Ais in thermal equilibriumwith a body B,
and also separately with a body C, then Band C
will be in thermal equilibrium with each other. This
s the basis of temperature measurement.

1.4 [0

Final temperature is being calculated by applying
conservation of energy i.e. First law of
thermodynamics.

15 ()

A closed system consists of fixed amount of mass
and no mass can cross its boundary but energy
in the form of heat and work can cross the
boundary.

o [

Properlies are either intensive or extensive.
Intensive properties are those that are
independent of the mass of a system such as
temperature, pressure and density. Extensive
properties are those whose values depend on
the mass of system such as mass, volume efc.



First Law, Heat and

Work, Energy

2.1

2.2

2.3

The internal energy of certain system is a function
of temperature alone and is given by the formula
E = 25 + 0.25¢ kJ. If this system executes a
process for which the work done by it per degree
temperature increase is 0.75 kNm, the heat
interaction per degree temperature increase, in
kJ, Is

(a) -1.00
(c) 0.50

(b) -0.50
(d) 1.00
[ESE : 1995]

The heat transfer Q, the work done W and the

change in internal energy U are all zero in the

case of

(a) arngid vessel containing steam at 150°C left
in the atmosphere which is at25°C

(b) 1kgof gas contained inan insulated cylinder
expanding as the piston moves slowly
outwards

(c) a rigid vessel containing ammaonia gas
connected through a valve 1o an evacuated
rigid vessel, the vessel, the valve and the
connecling pipes being well insulated and the
valve being opened and after a time, condition
through the two vessel becoming uniform

(d) 1 kg of air flowing adiabatically from the
almosphere into a previously evacuated bottle

[ESE : 1996]

Assertion (A): Ratio of specific heats ¢ Jc,
decreases with increases In temperature.
Reason (R): With increase in lemperature, ¢,
decreases at a higher rate than ¢,
(a) both A and R are true and R is the correct
explanation of A
(b) both A and R are true but R is not a correct
explanation of A
(c) Aistrue butR is false
(d) Ais false but R is true
[ESE : 1996]

2.4

2.5

Match the curves in Diagram-l (Process on-p-V
plane) with the curves in Diagram-1| (Process on
I-s plane) and select the correct answer:
Diagram-| Diagram-l|
A ',l'II i r"‘,2
0 - 2 -~
OrF= -4
"".
\ C
D 5
v 3§
Codes:
A B C D

(a) 3 o 5
b) 2 3 4 5
(c) 2 3 = 1
(d) 1 4 2 3 [ESE : 1996]

Match List-l with List-ll and select the correct
answer using the codes given below the lists:

List-

A. Work done in a polytropic process
B. Work done in steady flow process
C. Heatlransfer in a reversible adiabatic process
D. Work done in an isentropic process
List-ll

1. -fvap
2. Zero
3 p‘rl""':f = ﬂ.?VE

Y=
4. PYi-PY,

n-=1
Codes:

A B C D

(a) 4 1 3 2
b 1 4 2 3
(c) 4 1 2 3
(d) 1 2 3 4

[ESE : 1996)
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2.6 When a system is taken from state A to state B
along the path A-C-B, 180 kJ of the heat flows
into the system and it does 130 kJ of work (as
shown in the figure below):

How much heat will flow into the system along
the path A-D-8 if the work done by it along the

path is 40 kJ?
(a) 40 kJ (b) 60 kJ
(c) 90 kJ (d) 135k

[ESE : 1997]

2.7 A gas expands from pressure p, to pressure

,::\E(,r:}E = 1%] If the process of expansion is

isothermal, the volume at the end of expansion is
0.55 m?. If the process of expansion is adiabatic,
the volume at the end of expansion will be closer

lo
(a) 0.45m? (b) 0.55m?
() 0.65m® (d) 0.75m?
[ESE : 1997]
2.8 The work done in compressing a gas isothermally
is given by:
y-1
Y E.-»_] T
a) ——pV, ~
() T__1P1 1 [ D ‘

(b) mAT, In 22
[2
©) me,(T,~T)

(d) mAT, [ _%]

1

[ESE : 1997)

2.9 A control mass undergoes a process from state
1 to state 2 as shown in the figure below. During
this process, the heat transfer to the system is
200 kJ. If the control mass returned adiabatically
from state 2 to state 1 by another process, then
the work interaction during the return process
(in kN-m) would be

Py
KN [y
300 f -y
100 i- F
| i
™
(a) -400 (b) -200
(c) 200 (d) 400  [ESE: 1998)

2.10 An ideal cycle is shown in the figure below. Its
thermal efficiency is given by
]

p 2
pv'=C
1 - 3
v_-
rv“'t rva—'.l]
\ Y 1\ ¥

LY,
(a) E] (b) Tr&_ ]
L P \P

¥ Wg"”ﬂﬂ 1_1(33'_‘0'}5
o) B-wmgiy @ Y u-wop

[ESE : 1998]

2.11 Atank containing air is stirred by a paddle wheel.
The work input to the paddie wheel is 9000 kJ
and the heat transferred to the surrounding from
the tank is 3000 kJ. The external work done by
the system is

(a) Zero (b) 3000kJ
(c) 6000kJ (d) 9000 kJ
[ESE : 1999]

2.12 The diagram shown in the figure represenits
reversible compression of air on the p-V
coordinates. The work of compression needed a
centrifugal compressor is equal to the area

=

F _______ |

Gf--meodeee- 1 A
Ci [ g

0 D E v
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(a) ABDE-ABC (b) ABDE List-| List-11
(c) ABFG (d) ABFG-ABC A. Adiabatic 1. n = Infinity
[ESE : 1999] B. Isothermal 2. n=c,lc,
C. Constantpressure 3, n=1
Direction: Each of the next questions consists of two D. Constantvolume 4. n=c,/c,-1
statements, one labelled as the 'Assertion (A)' and 5. n=zero
the other as ‘Reason (R)'. You are to examine these Codes:
two statements carefully and select the answers to these A B C D
items using the codes given below: @ 2 3 &5 4
Codes: b 2 3 & 1
(a) Both A and R are individually true and R is © 3 ¢ 1 5
the correct explanation of A @ 2 5 3 1 [ESE : 1999]

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Aisfalse butR is true

2.13 Assertion (A): The change in heat and work
cannot be expressed as difference between the
end states.

Reason (R): Heat and work both are exact
differentials. [ESE : 1999]

2.14 Assertion (A): Heat can not spontaneously pass
from a colder system ta a hotter system without
simultaneously producing other effects in the
surroundings.

Reason (R): External work must be putinto heat
pump so that heat can be transferred from a cold
lo a hot body. [ESE : 1999]

2.15 Match List-l (Process) with List-1l (Index nin
pV" = C) and select the correct answer using the
codes given below the lists:

21 (d) 22 (© 23 (c) 24 (b) 25
210 (©) 211 (@ 212 () 2.13 (¢

2.14 (b)

2.16 The air with enthalpy of 100 kJ/kg is compressed
by an air compressor to a pressure and
temperature at which its enthalpy becomes
200 kJ/kg. The loss of heat is 40 kJ/kg from the
compressor as the air passes through it,
Neglecting kinetic and potential energies the
power required for an air mass flow of 0.5 kg/s is
(a) 30kW (b) 50 kW
(c) 70 kW (d) 90 kW

[ESE : 2000]

2.17 Assertion (A): A thermodynamic system may be
considered as a quantity of working substance
with which interaction of heat and work are studied.
Reason (R): Energy in the form of work and heat
are mutually convertible.

(a) both A and R are true and R is the correct
explanation of A
(b) both A and R are true but R is not a correct
explanation of A
{c) Aistrue but R is false
(d) Ais false but R is true
[ESE : 2000]

26 (c) 27 (a 28 (b) 2.9 (b)
215 (b) 2.16 (c) 2.17 (b)
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thLmMmdMEnm

21 [C)

E =25+ 025!
o/
aw
dln *?r* = 0.75kJFFC
From the first law of thermodynamics
0Q = dE + W

2.2 9]

This is the case of free expansion.
For free expansion

6Q=0and 5W=0
First law for a process

0Q=dU+ oW

0=adU+0

au=0

Hence for free expansion,

00=0 oW=0 and diU/=0
Eo

With increase in temperature both ¢, and ¢,
increase but the rate of increase of C, 1S less than

rate of increase of ¢, thus ¢,/c, decreases.

2.4 ()

pn N=oa

B. Work done in steady flow process:
~[vap

C. Heattransfer in a reversible adiabatic process:

Zero
D. Work done in an isentropic process:

pVi - Vs
Y-1

26 (O

From First law of thermodynamics:

U+ Q=Ug+ W
Ug-U,=Q-W=180-130 =50 kJ

Since internal energy is property (is independent
of path function.)

UE_ Uﬂ = G" W
50 = Q-40
= Q=90 kJ
2.7 (@
JDV'”=C
pl.
Py
P
10

V, V,=055m° V
From the above figure

;< Y,
Hence, V, < 0.55m"

9 [O)

Intercept of path on .X-axis is the work done by
the process (in case of closed system)

"

p (kN/m?) } 1
300 - ---
100 }----A 2
s /)_c:__
1 3 Vim)

W = area under 1-2

W= %x{B-i]HEUGHDGx{S—ﬂ

= 200 + 200 = 400 kJ
For process 1-2:
U+Q=U,+W.



52 Mechanical Engineering « Volume-|

Objective

Solved Papers

U-U,=W-Q=400-200 = 200 kJ.
For process 2-1:

Since adiabatic
So Q=0
U,+Q=U+W

W=U,-U=-(U-U,)=-200kJ

Q-Q

Thermal efficiency: n = a
1

G _ 1%l
GT c'l-"{?:?*rl]

c
Using pV = nAT& f— =4

¥

(V5 -V}) p,
n= 1-
T{F’z -V
2118
-—t— W= 0000 kJ

|

@ = 3000 kJ
This is a case of constant volume process or an
isochoric process. By performing work on the
system temperature can be raised. In an
irreversible constant volume process. the system
doesn't perform work on the surrounding at the
expense of its internal energy.

rAkl(c)
The heat and work interaction depends upon the
path followed by the process so assertion is
correct only point function are exact differential,
heat and work are path function hence they are
inexact differential

2.15 (3]

Adiabatic process,

V' = C wh %
=L, where Y=—
i 4

Isothermal,pV = C, valueofn=1

Constant pressure,
p=C, valueof n=0
Constant volume,
V=_C, valueofn=
P .
n=y N=e=
n=1
I S
n=1
' =
N=os
v

2.16 [0

Given data :
h, = 100 kd/kg; h, = 200 kJ/kg

o

Compressor

- il

q=-40kJ/kg, m=0.5 kag/s
Applying SFEE at inlet and exit of the compressor

m[hl"‘ﬁé*@?l]*qu m[hz "“_'b;é"' QZE]"'W

Neglecting kinetic and potential energies
mh, + mq = mh, + W
05x100-05%x40=05%x200+W

or W=-70kW
The power required to run the compressor is
70 kW.

2.17[Q)

A definite quantity of matter which is enclosed
by a boundary that separates it from the rest of
universe is called thermodynamic system.
Generally it is sometimes called control mass.
Energy in the form of work and heat are mutually
convertible and upto the degree to which it is
governed depends upon the second law of
thermodynamics.



Second Law, Carnot Cycle

and Entropy

3.1 Acycle of pressure-volume diagram is shown in 3.2 Which one of the following statements applicable

the given figure to a perfect gas will also be true for an irreversible
i process? (Symbols have the usual meanings)
Pl B c (a8) dQ=dU+pdV (b) dQ= TdS
\ (c) Tds=dU+ pdV (d) Noneofthese
\ [ESE : 1996]
fo S .
3.3 Thethrottling process undergone by a gas across
- an orifice is shown by its states in the following

v

figure:
Same cycle on temperature-entropy diagram will
be represented by ! 2 3
r! . ~_ |
f\\ S -
AN |
(@) ' \“‘w
& ¢ It can be represented on the diagram as
s -4
Tl c 1 2 3
E__-——’% Ea}
() | A—
s#
3‘!‘
A Tl
T E 1"-..
ﬂ 5 3
C
D
{I:) = / { }
. 5
L3
',l'" T“
A B y
J
2
(d) c (© \3
5 >

[ESE : 1995]
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3.4

3.5

./
(d)

2

[ESE : 1996]

Which one on the tollowing temperature entropy
diagrams of steam shows the reversible and
irreversible processes correctly?

]
T

VA

[l
T

Vg

]

T

(c) k

(d)

[ESE : 1996]
When a system undergoes a process such that

I$= 0 and AS > 0, the process is

(a) irreversible adiabatic
(b) reversible adiabatic
(c) isothermal
(d) isobaric
[ESE : 1997]

3.6

3.7

Solved Papers

Consider the following statements:

When a perfect gas enclosed in a cylinder piston

device executes a reversible adiabatic expansion

process

1. Its entropy will increase.

2. its entropy change will be zero.

3. the entropy change of the surroundings will
be zero,

Which of these statements is/are correct?

(@ 1and3 (b) 2only

(c) 2and 3 (d) 1only [ESE:1997]

A system of 100 kg mass undergoes a process
in which its specific entropy increases from
0.3 kJ/kgK to 0.4 kJ/kgK. At the same time, the
entropy of the surroundings decreases from
80 kJ/K to 75 kJ/K.

The process is:
(a) Reversible and isothermal
(b) Irreversible
(c) Reversible
(d) Impossible
[ESE : 1997]
An ideal air standard cycle is shown in the given
temperature-entropy diagram
[
T 3
¥
2 1

s
The same cycle, when represented on the

pressure-volume coordinates takes the form

i

(a)

(b)
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()

2 3
(d) &1
[ESE : 1997

3.9 Four processes of a thermodynamic cycle are
shown in the Figure-l on the T-s plane in the
sequence 1-2-3-4, The corresponding correct
sequence of these processes in the p-V plane
shown in figure Figure-Il will be

[

T 3
4 2
1
.II-
Fig.-l
'l
p
%
A
o
I8
vh-
Fig.-ll
(a) C-D-A-B (b) C-A-B-D
(c) A-B-C-D (d) B-C-D-A
[ESE : 1998]
3.10 For a thermodynamic cycle 1o be irreversible, it is
necessary that
oQ 60
(a) ci:-f-=n (b) §?-:u
@, oQ
© $5>0 (A §=20

[ESE : 1998]

3.11 Consider the following staterments:
In an irreversible process
1. Entropy always increases.
2. The sumof the entropy of all the bodies taking
part in a process always increases.
3. Once created, entropy cannot be destroyed.
Which of these statements are correct?
(a) 1and?2 (b) 1and 3
(c) 2and 3 (d) 1,2and 3
[ESE : 1998]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)' and
the other as ‘Reason (R)'. You are 1o examine these
two statements carefully and select the answers to these
items using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue butR is false
(d) Aisfalse butR is true

3.12 Assertion (A): If a graph is plotted for absolute
temperature as a function of entropy, the area
under the curve would give the amount of heat
supplied
Reason (R): Entropy represents the maximum
fraction of work obtainable from heat per degree
drop in temperature. [ESE : 1998]

3.13 Assertion (A): Second law of thermodynamics is
called the law of degradation of energy.
Reason (R): Energy does not degrade each time
it flows through a finite temperature difference.

[ESE : 1999]

3.14 Which one of the following sets of thermodynamic
laws/relations is directly involved in determining
the final properties during an adiabatic mixing
process?

(a) The first and second laws of thermodynamics

(b) The second law of thermodynamics and
steady flow relations

(c) Perfect gas relationship and steady flow
relations

(d) The first law of thermodynamics and perfect
gas relationship

[ESE : 2000]
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3.15 Consider the following statements:

1. The first law of thermodynamics is a law of
conservation of energy.

2. Perpetual motion machine of the first kind
converts energy into equivalent work.

3. Aclosed system does not exchange work or
energy with its surroundings.

4. Thesecond law of thermodynamics stipulates
the law of conservation of energy and entropy.

Which of these statements are correct

(@ 1and3 (b) 2and 4

(c) 2,3and 4 (d) 1,2and 3

[ESE : 2000]

3.16 A heat engine receives 1000 kW of heat at a

constant temperature of 285°C and rejects 492 kW
of heat at 5°C. Consider the following
thermodynamic cycles in this regard:

1. Carnotcycle

2. Reversible cycle

3. lrreversible cycle

Which of these cycles could possibly be executed

by the engine?

(a) 1only (b) 3 only

(c) 1and2 (d) Noneof1,2&3
[ESE : 2000]

3.17 Consider the following statements:

When dry saturated steam is throttled from a

higher pressure 1o a lower pressure, the

1. pressure decreases and the volume
Increases.

2. temperature decreases and the steam
becomes superheated.

3. temperature and the dryness fraction
Increase.

Solved Papers

4. enlropy increases without any change in
enthalpy.
Which of these statements are correct?
(a) 1and 4 (h) 1,2and 4
(c) 1and 3 (d) 2and 4
[ESE : 2000]

3.18 Consider the following statements:

A real gas obeys perfect gas law at very

1. hightemperatures 2. high pressures

3. lowpressures

Which of these statements is/are correct?

(a) 1only (b) 1and 3

(c) 2only (d) Sonly [ESE:2000]

3.19 In which one of the following situations the entropy

change will be negative:

(a) Airexpands isothermally from 6 bars to 3 bars

(b) Air is compressed to half the volume at
constant pressure

(c) Heatis supplied to air at constant volume till
the pressure becomes three folds

(d) Airexpands isentropically from 6 bars o 3 bars

[ESE : 2000]

3.20 The heat added to a closed system

during a reversible process is given by
Q=aT+pT°, where o and B are constants. The
entropy change of the system as its temperature
changes from T, 10 7, Is equal to

(@) o+ PT,-T,)

(b) [elT,-T.)+ Br2AT,? - T2)T,

(57 -72)e Bz -7

C
(c) =

(@ uln[%]+2§(?’2-?}}

[ESE : 2000]
L1 8]
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Sl:undhw.c__lrmt(:ydllndlinlmpy

33 (d 34 (c) 3.5
3.12 (c) 3.13 (c)

31 (b) 3.2 (o
3.10 (b) 3.11 (c)
3.19 (b) 3.20 (d)

3.14 (d)

36 (c) 3.7 (b) 38 (a 3.9 (d)
3.15 (") 3.16 (d) 3.17 (b) 3.18 (b)

Second Law, Carnot Cycle and Entropy

EXN )

In p-Vdiagram
BC — constant pressure process
CA— constant volume process

({ﬂ'] T (dT] T
rl==] =— and |=] = —
dﬁ [o. Cﬂ ds V if,'.'hI
c.>C

e (), 2 (&),

Thus, slope of constant pressure (BC) is lower
compare to slope of constant volume process
(CA)

c)
T- dS

(]

g+ p-dv

All are properties thus it is applicable for reversible
as well as irreversible process.

<IN (d)
By applying steady flow energy equation
for throttling process. W=0, Q=0
h 2 i 2 s 2
(Assume 2z, = Z, = Z;)
For gas

& G G

EpT,+—=CpT2+—=cpE+—

2 2 2

asCT, Tl

From continuity equation:
Q= AC

For process 1-2:

asAl, CT, T
For process 2-3:

asAT, cl, 17

3.4 [0

In irreversible process entropy always increase
only in option C entropy increases in both cases.

35 (O
26Q
S

(AS) s = 5225, = || =+ Soen
(8, I8 @ntropy generation i.e. some entropy is
generated during irreversible process)

AS= j %q = 0 implies adiabatic and reversible

process. But if AS > 0, it implies irreversible
Process.

36 [0

The entropy change of the system will be zero
as per Clausius inequality (principle of entropy).
But the entropy change of the surrounding will
be positive value.

(A = (AN + (A ssroupaing 20
3.7 [

m=100kg
Entropy of system,
S,=0.3 x 100 = 30 kJ/K
S,=0.4 x 100 = 40 kJ/K
Entropy change of the system,
(AS), ciem =Sy — Sy =40 - 30 = 10 kJ/K
Entropy of surroundings,
S, =80 kJ/K
S,=75 kJK
Entropy change of the surroundings
{ﬁsjmmm.nnhg 5 8? B SI
{aﬂﬁumnd@b 5 kJ/K
Entropy change of universe:
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bﬁs}unlvwm = {as]!.fﬂam * {‘&s}aurrwnclinﬂ

=10-5=5kJ/K
SINCe(AS) . erse>
Hence process is irreversible
3.8 (€]
In 7-5 diagram

Process 1-2 — Isothermal process
Process 3-1 — Reversible adiabatic process

Thus, on P-Vdiagram, slope of reversible adiabatic
process (3-1) is more than slope of isothermal
process (1-2).

Process 2-3 — Isobaric process line.

31000

daQ
7= 0; cycle is reversible

§ < dQ _:cycleis ireversible and possible

§ —::D the cycle is impossible since it

wnlates the second law.

3.12[0

(A) 1s correct but (R) is not correct.

3.15 (@)}
Only statements 1is right. statements 2, 3 and 4
are wrong.
51600
Q, = 1000 kW
Ty = m: C
= (2856 + 273) K = 558 K
Q, = 492 kW
T = 5C
=(5+273)K=278K
T.
Neamat = _TT'
- 1-278 _ 1 _0.4082
558
= 0.5017 = 50.17%
Q 492
= lm—fm e —
Tt = 170" " J000

= 1-0.492 = 0.508 = 50.8%
Thus, M, > Neame: N€At €ngine is impossible.

When dry saturated steam is throttled from a

higher pressure to a low pressure, the
pressure decreases and the volume increases
lemperature decreases and the steam becomes
superheated
entropy increases without any change in
enthalpy.

A real gas starts behaving as ideal gas at low
pressure and high temperature.

RE](b)

T,
i i
As= G'”TI+RinLa'1
As=c, Ir11£1--.“?ln-g
T, 2y
Q=al+pT?
%=ﬂ+2ﬁ-T
dQ = (e + 2B NaT
Ab'm J‘ngo T {EI-!-EﬂT]dT
T T

. |n[53-]+ (T, ~T)
T,
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4.1 Consider the following statements:

1. Availability is generally conserved

2. Availability can either be negative or positive

3. Availability 1s the maximum theoretical work
obtainable

4. Availability can be
irreversibilities.

Which of these statements are correct?

(a) 3and 4 (b) 1and 2

(c) 1and3 (d) 2and 4 [ESE : 1996]

4.2 Neglecting changes in kinetic energy and potential
energy, for unit mass the availability in a non-flow
process becomes a= @ -¢, where ¢ is the
availability function of the
(@) open system (b) closed system
(c) isolated system (d) steady flow process

[ESE : 1998]

destroyed in

m Irreversibility and Availability
41 (a) 42 (b 43 (¢

Irreversibility and Availability

41 [0

The availability is the maximum useful work
obtainable from a system as it reaches the dead
state. Conversely, availability can be regarded
as the minimum work required to bring the closed
system from the dead slate to given state. The
value of availability cannot be negative, As energy
s always conserved, availability is not generally
conserved but is destroyed by irreversibility.

4.2 [0
In case of closed system, availability function in
given by ¢
But in case of nonflow process, the availability
becomes a=¢-¢,

Irreversibility and Availability

4.3 10kgofwateris heated from 300 Kto 350K inan
insulated tank due to churning action by a stirrer
The ambient temperature is 300 K. In this context,
match List-l with List-1l and select the correct
answer using the codes given below the lists:

List-I List-1
A. Enthalpy change 1. 12.2 kd/kg
B. Entropychangekg 2. 1968 kJ
C. Availability/kg 3. 2090 kJ
D. Loss of availabilty 4. 656 Jkg-K
Codes:

A B C D

a 3 1 4 2
(by 2 4 1 3
) 3 4 1 2 ‘
(@) 2 I A 4 [ESE : 2000]

43 [0

Given data:
m=10kg, T, =300 K, T, =350K, T, =300K
Enthalpy change, dH=mc (T,-T,)
= 10 x 4.18(350 - 300) = 2090 kJ
Entropy change per kg,
AS = Eﬂmgﬂ% - 4.1ﬂlugﬂ§%
= 0.64435 kJ/kgK = 644 35 J/kgK
Availability/kg= Q-T,As=c(T,-T)-300x 644.35
= 4.18(350 - 300) - 300 x 0.64435
= 15.69 kJ/kg
Loss of availability, | = TAS,, = T, x mxAs
= 300 x 10 x 0.64435 = 1933 kJ
LIt



5.1

5.2

5.3

AS

Joule-Thomson coefficient is defined as

al ah)
@) [E],, ®) [‘a"a

ah ['-'}F’"'
_—. l ——
©) (ar]P @ (57)
(ESE : 1995]

For a given volume of dry saturated steam,
Clapeyron’s equation is given by

dT T
(@ V, -V, =—Lx—=2
. dp  h,-h
dT. h,~hy
() V,-V,=—=2x-2
¢ e T
do Ng=h
(c) V,-V = X
o dl, T
& rs

(@) Vp-V=——x—
’ dT, hg -y
[ESE : 1996]

The Joule-Thomson coefficient is the

al
(a) [E]ﬁ of pressure-temperature curve of real

gases

ol
(b) [E] of temperature-entropy curve of real
v

gases

dh
(c) ‘ﬂ'—s*]]r of enthalpy-entropy curve of real

gases

(d) [g—?] of pressure-volume curve of real
o

[ESE : 1996]
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5.5

5.6

Thermodynamic Relations

The thermodynamic parameters are:

1. Temperature 2. Specific volume

3. Pressure 4. Enthalpy

5. Entropy

The Clapeyron equation of state provides
relationship between

(a) 1and?2 (b) 2, 3and 4
(c) 3. 4and 5 (d) 1,2, 3and 4
[ESE : 1997]

It can be shown that for a simple compressible
substance, the relationship

VYV (ap) .
c~-CH —T(ﬁ]p[ﬁ]f exists

where Cp and C, are specific heats at constant

pressure and constant volume respectively, Tis

temperature, Vis volume and p Is pressure.

Which one of the following statements is not true?

(a) C,lsalways greater than C,

(D) The right side of the equation reduces to R
for an ideal gas

d . |
(c) Since [a%) can be either positive or
i

aV

2
negative, and [—) must be positive,
al p

' must have a sign that is opposite to that of

[57)

aV ),

(d) Cﬂ is very nearly equal to C_ for liquid water
[ESE : 1998]

Clausius-Clapeyron equation gives the 'slope’ of
acurvein

(a) p-Vdiagram
(c) p-Tdiagram

(b) p-hdiagram
(d) T-sdiagram
[ESE : 1999]
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5.7 Joule-Thomson coefficient is the ratio of

(a) pressure change to temperature change
occurring when a gas undergoes the process
of adiabatic throttling

(b) temperature change to pressure change
occurring when a gas undergoes the process
of adiabatic throttling

(c) temperature change o pressure change
occurring when a gas undergoes at the
process of adiabatic compression

(d) pressure change to temperature change
occurring when a gas undergoes the process
of adiabatic compression

[ESE : 1999]

5.8 Gibb's free energy ‘G’ is defined as
(@) G=H-TS b) G=u-TS
(c) G=u+pV (d) G=H+ TS
[ESE : 1999]

X thermodynamic Relations
51 (@ 52 (b)) 53 (8 54 (d 55 (¢
5.10 (b)

Thermodynamic Relations

R (a)

The numencal vaiue of the slope of an isenthalpic
curve on a T-p diagram at any point is called Joule-
Thomson coefficient and is denoted by p,

(5
and ] —
ap ),
5.2 ({9)]
Clausius-Clapeyron equation
ap ) hg-h,
ar - Ty(ve-vi)

T

g

The numerical value of the slope of an isenthalpic
curve ona I-pdiagram at any point is called Joule-
Thomson coefficient and is denoted by M

5.9 Consider the following thermodynamic relation

1. Tds =du+pdv 2. Tds= du-—paV

3. Tds=dh+Vdp 4. Tds= dh- Vdp
Which of these thermodynamic relations are
correct?

(1) 1and 3 (b) 1and 4
(c) 2and 3 (d) 2and 4
[ESE : 2000]
5.10 The Clapeyron equation with usual notations is
given by
T N dp hg
o (@l o (%),
_Thy dp) _ TNy
© [dp].m % O (a7 v
[ESE : 2000]
EEEE
56 (c) 57 (b) 58 (a 5.9 (b)

5.4 (&)

-
at Vg
It enables us o determine the enthalpy of
vaporization h,gal a given temperature by simply
measuring the slope of saturation curveona p-T
diagram and the specific volume of saturated
liquid and saturated vapour at given temperature.

()

For any substance at constant temperature when
pressure increases, volume will decrease, Thus,

(37), =

The Clapeyron equation is [—g]
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N (C) All(b)
do __"g 059] Ny
Clapeyron equation — = anta I TE | =
pey a7 T[vg V) The Clapeyron equation is [ a7 . T'Vfg
WA (D) It enables us to determine the enthalpy of
vaporization h,Er ata given temperature by simply
(g_T] =W, Joule-Thomson coefficient measuring the slope of saturation curveona p-T
P/n diagram and the specific volume of saturated
iquid and saturated vapour at given temperature.
b] agEm
We know that
0Q = du +dw
=» For reversible process (closed system)
= but as = E
r
= | T-ds=du+p-av
We know thal
h=u+pV
dgh = du+p-avV+V.dp
"-——..,I,_—_-"

= ch=8Q+ V- -dp
= 6Q=dh-V-dp

= | T-ds=dh-V-dp




Pure Substances

6.1

6.2

Which one of the following p-Vdiagrams for steam
lllustrates the isothermal process undergone by
superheated steam till it becomes wet?

p F
/ ‘
(a) ( ‘
ve
P II : —~
/
F* |
(D) \_\
-
p | .:H\
2\
| \H“‘"—"
© | '\
-
p ~
[ 204
o
w1
(d) N
-

[ESE : 1995]

Match List-I (Some process of steam) with List-l
(Eftects due 1o the processes) and select the
correct answer using the codes given below the
lists:

List-l

As saturation pressure increases

As saturation temperature increases

As saluration pressure decreases

As dryness fraction increases

cow>

6.3

6.4

List-1l
1. Entropyincreases
2. Specific volume increases
3. Enthalpy of evaporation decreases
4. Saturation temperature increases
Codes:

A B C D
(a 1 3 2 4
by 4 8 2 1
c) 3 4 1 2

e 4 3 1

(d) [ESE : 1995]

The given diagram shows the throttling process
of a pure substance

A
=

1)

Y

4
2

The ordinate and abscissa are respectively

(a) pressure and volume

(b) enthalpy and entropy

(c) temperature and entropy

(d) pressure and enthalpy

[ESE : 1995]

The ordinate and abscissa in the given figure
showing the saturated liquid and vapour regions
of a pure substance represent

!
r-""“—"‘\\
/e
/ Sat / r
J’ Liquid /

(a) temperalure and pressure
(b) enthalpy and entropy

(c) pressure and volume
(

d) pressure and enthalpy [ESE : 1997]
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[ESE : 1998]

[ESE : 1999]

64 Mechanical Engineering » Volume-|
6.5 A saturated vapour is compressed to halfof its 6.7 Assertion (A): At a given temperature, the
volume without changing its lemperature. The enthalpy of superheated steam is the same as
result is that that of saturated steam.
(a) all the vapour condenses to liquid Reason (R): The enthalpy of vapour at lower
(b) some of the liquid evaporates and the pressure is dependent on temperature alone,
pressure does not change
(c) the pressure is double its initial value 6.8 Assertion (A): Water is not a pure substance.
(d) some of the vapour condenses and the Reason (R): The term pure substance designates
pressure doesnotchange  [ESE: 1997] a substance which is homogeneous and has the
6.6 The given diagram shown as isometric cooling same chemical composition in all phases.
process 1-2 of a pure substance. The ordinate
and abscissa are respectively 6.9

|
1

(@) Pressure and volume
(b) Enthalpy and entropy
(c) Temperature and entropy

(d) Pressure and enthalpy [ESE : 1998]

Direction: Each of the next questions consists of two
statements, one labelled as the "Assertion (A)' and
the other as 'Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:

Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Ais false but R is true

The p-V-T surface of a pure substance is shown
in the given figure. The two phase regions are
labelled as

(@) R Tand X (b) S, Uand W
(c) S, Wand V (d) R, Tand V
[ESE : 1999]

6.10 In which one of the following working substances,

does the relation T,/T, = (p,/p,)"#*® hold if the
process takes place with zero heat transfer?

(a) Wet steam

(b) Isentropic

(c) Petrol vapour and air mixture

(d) Air [ESE : 2000]
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Pure Substances

6.1 (d 62 (b) 63 (d 64 (d 65 (d 66 (b) 67 (d 68 (d 6.9 (c)
6.10 (d)

Pure Substances
6.1 [0 6.7 (O

" When the temperature of the vapour is greater
=t than the saturation temperature corresponding to
i /L\\:_j Vapour phese the given pressure, the vapour is said to be
e superheated. The enthalpy of superheated steam
{ A N mﬂu s always greater than the enthalpy of saturated

| o~ steam.

Saturated liquid line v
6.8 [G)

6.4 [(s)) A substance that has fixed chemical composition

throughout is called pure substance,

I

] o
= B|P

6.5 [{e)) [ ]
Between 1 and 2i.e.in p} Put Y

[ F &
P P Water, nitrogen, helium and CO, are example for
all pure substance.
s Sat. vapour
Sot. lquid 6.10[8)
h
wet region temperature

[ ][1" Ny

1 (For air)
(y-1)/ 0.286

and pressure does not 1 [ ( ]1 ! - [& ]

change independently. Py

Hence for constant BEREE
temperature process,
pressure  will be =¥
constant.

Note: We can not apply ideal gas equation in
wet region,

=[5
I
P [P
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1.1

1.2

Water jacketed copper rod ‘D' m in diameter is
used to carry the current. The water, which flows
continuously maintains the rod temperature at .°C
during normal operation at ‘I’ amps. The electrical
resistance of the rod is known to be 'R Ym. If
the coolant water ceased to be available and the
heat removal diminished greatly, the rod would
eventually melt, What is the time required for
melting to occur if the melting point of the rod
material is T, 7 (c,= specific heat, p density of
the rod material and L is the length of the rod),

E c {Tmﬂ_]u

{El) ﬂ 4 p IEH

':Tn'p_‘T.r}
(b) pIEH

o7y~ T))
() "ﬁ

Gl =
(d) 2 fFH L [ESE : 1995]

In current carrying conductors, if the radius of the

conductor is less than the critical radius, then

addition of electrical insulation is desirable, as

(a) 1t reduces the heat loss from the conductor
and thereby enables the conductor 1o carry a
higher current

(b) ntincreases the heat loss from the conductor
and thereby enables the conductor to carry a
higher current

(c) it increases the thermal resistance of the
insulation and thereby enables the conductor
to carry a higher current.

(d) it reduces the thermal resistance of the
insulation and thereby enables the conductor
to carry a higher current

[ESE : 1995)

1.3

1.4

1.5

The heat flow through a composite cylinder is given
by the equation

(Symbols have the usual meaning)

{ﬂ = Tn+1)2nf-

n—-n_ Tt

rg'l II.":rrl‘m‘:}‘g[ £ }
an(l, =T,

(b) f-’=n.ﬁ[' ’

(a) Q=

I'E!.I - I"n,_
kﬂrn'rn

2

ne=|

+1

S
A2

n=1

@ @=—"1=T2

log, 2 jomkt
A

() @

[ESE : 1995]

Assertion (A): Addition of insulation to the inside
surface of a pipe always reduces heat transfer
rate and critical radius concep! has no
significance.
Reason (R): If insulation is added to the inside
surface, both surface resistance and internal
resistance increase.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Ais false but R is true
[ESE : 1995]

Heat transfer takes place according to
(a) Zeroth Law of thermodynamics
(D) First Law of the thermodynamics
(c) Second Law of thermodynamics
(d) Third Law of thermodynamics
[ESE : 1996]
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1.6

1.7

1.8

1.9

It is desired to increase the heat dissipation rate
over the surface of an electronic device of spherical
shape of 5 mm radius exposed to convection with
h= 10 W/m?K by encasing it in a spherical sheath
of conductivity 0.04 W/mK. For maximum heat
flow, the diameter of the sheath should be
(@ 18mm (b) 16 mm
(c) 12mm (d) 8 mm

[ESE : 1996]

A pipe carrying saturated steam, is covered with
a layer of insulation and exposed to ambient air.
The thermal resistance are as shown in the
following figure.

Rmn Rm
MWW AW MWW— AW

Roe R

Which one of the following statements is correct

is this regard.

(@ R,., and A __ negligible as compared to
R..and R,

(b) A, and A, negligible as compared 10 R
andA,__

(€) R..amand R, are negligible as compared to
Rype@Nd A

(d) Noguantitative datais provided, therefore no
comparison is possible, [ESE : 1996]

Match List-l with List-ll and select the correct

answer using the codes given below the lists:
List-1

A. Momentum transfer

B. Mass transfer

C. Heattransfer
List-ll

1. Thermal diffusivity

2. Kinematic viscosity

3. Diffusion coefficient

Codes:

A B C
@ 2 3 1
) 1 3 2
© 3 2 1
(d 1 e 3 [ESE : 1996]

Consider the following statements:

1. Under certain conditions, an increase in
thickness of insulation may increase the heat
loss from a heated pipe.

Solved Papers

2. The heat loss from an insulated pipe reaches
a maximum when the outside radius of
insulation is equal to the ratio of thermal
conductivity to the surface heat transfer
coefficient.

3. Small diameter tubes are invariably insulated.

4. Economic insulation is based on minimum
heat loss from pipe.

Which of these statements are correct?

(a) 1tand 3 (b) 1and 2

(c) 2and 4 (d) 3and 4

[ESE : 1996]

1.10 A cube at high temperature is immersed in a

constant temperature bath, It loses heat from ils
top, bottom and side surfaces with heat transfer
coefficient of fi,, h, and h, respectively. The
average heat transfer coefficient for the cube is

(@) h,+hyth,  (b) (hhyh)P

d
(c) E‘"‘_E"‘E (d) None of these
[ESE : 1996]

1.11 A steam pipe is covered with two layers of

insulating materials, with the better insulating
material forming the outer part. If the two layers
are interchanged, the heat conducted
(a) willdecrease
(b) willincrease
(c} will remain unaffected
(d) may increase or decrease depending upon
the thickness of each |ayer
[ESE : 1997]

1.12 In a large plate, the steady temperature

distribution is as shown in the figure below. If no
heat is generated in the plate, the thermal
conductivity k will very as (T is temperature and
@ IS a conslant)

T,
Ty
(a) ky(1+al) (b) Ky(1-aT)
(c) ky+aT (d) kg=-al

[ESE : 1997)
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1.13 Acomposite wall consists of two layers of different
materials having conductivities k, and k,. For
equal thickness of the two layers, the equivalent
thermal conductivity of the slab will be

(@ Kk +k, (b) K, k,
2K, ks K+ Ko

c ) -

(©) T (c) k ko

2. constant value of thermal conductivity.

3. uniform temperatures at the wall surfaces.
4. one-dimensional heat flow.

Which of these statements are correct?

(a) 1,2and 3 (b) 1,2and 4
(c) 2, 3and 4 (d) 1,3and 4
[ESE : 1998]

[ESE:1997] 1,16 Thetemperature variation in a large plate, as shown

1.14 Solar energy is absorbed by the wall of a building
as shown in the figure below. Assuming that the
ambient temperature inside and outside are equal
and considering steady-slate, the equivalent
circuit will be as show in

{”:EHW

in the below figure, would correspond to which of

the following condition (s)?
e T S

T, ’\
T?

1. Unsteady heat.
2. Steady-state with variation of k.

p— 3. Steady-state with heat generation.
i Select the correct answer using the codes given
H po = Hm outside bEllD‘ﬂ*
LW —" (a) 2alone (b) 1and 2
(c} 1and3 (d) 1,2and3
R, R, [ESE : 1998]
@ +— — 117 In ylind i
. a long cylindrical rod of radius Rand a surface
—'hgﬂr—— heat fluxof g, . the uniform internal heat generation
R " rate is
o (a) 2 qyR (b) 24,
(b) ~AWWH = (c) Gy/R () 2q/R°
Reo —W—Rd [ESE : 1998]
Reo 1.18 A furnace wall is constructed as shown in the
(c) — ey “R'M below figure. The interface temperature T, will be
=) Outer
. =+~ Casi
Ro R i
AWM =
(d) et [ESE : 1998] = y
AW é_ 120°C
R, = 7.=40°C

1.15 Consider the following statements:
The Fourier heat conduction equation

dl
Q=- ME' Presumes

1. steady-state conditions.

o— 0.3 m —=f=— 0.3 m—=

(a) 560°C (b) 200°C
(c) 920°C (d) 1120°C
[ESE : 1998]
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1.19 Temperature profiles for four cases are shown in
the following figures and are labelled A, B, C
and D.

///\\\\\\
///,\\\

(bl

Match the ab-ove fl-gures with

1. High conductivity fluid

2. Low conductivity fluid

3. Insulating body

4. QGuard heater

Select the correct answer using the codes given
below:

(dl

Codes:
A B C D
(@ 1 2 3 4
k) 2 3 1 4
) 1 2 4 8
(d 2 1 4 3 [ESE : 1998]

1.20 Heat is mainly transferred by conduction,

convection and radiation in
(a) insulated pipes carrying hot water
(b) refrigerator freezer coil
(c) boiler furnaces
(d) condensation of steam in a condenser
[ESE : 1998]

1.21 The heat flow equation through a cylinder of inner

radius 'r," and outer radius 'r,’ is desired in the
same form as that for heat flow through a plane
wall. The equivalentarea A_ is given by

A+A A+A
@ oAy © Ziog A/
© 2= (g 2D
2l0g,(As/A) log, (Ay/A)
[ESE : 1999]

1.22 Afurnace wall is constructed as show inthe figure

below. That heal transfer coefficient across the
outer casing will be

Outer
= . casing
% T.=40°C
fo— 0.3 m —++— 0.3 m—=
(a) 80 W/m?K (b) 40 W/m?K
(c) 20W/m2K (@) 10 W/m?K
[ESE : 1999]

1.23 A steel plate of thickness 5 cm and thermal

conductivity 20 W/mK is subjected to a uniform
heat flux of 800 W/m? on one surface A and
transfers heat by convection with a heat transfer
coefficient of 80 W/m?K from the other surface B
into the ambientair at T_of 25°C. The temperature
of the surface Btransferring heat by convection is
(a) 25°C (b) 35°C
(c) 45°C (d) 55C

[ESE : 1999]

1.24 The outer surface of a long cylinder is maintained

at constant temperature. The cylinder does not
has any heal source. The temperature in the
cylinder will
(a) Increase linearly with radius
(b) decrease linearly with radius
(c) beindependent of radius
(d) vary logarithmically with radius
[ESE : 2000]

1.25 A copper wire of radius 0.5 mm is insulated with

a sheathing of thickness 1 mm having a thermal
conductivity of 0.5 W/mK. The outside surface
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convective heat transfer coefficient is 10 W/im2K.

If the thickness of insulation sheathing is raised

by 10 mm, then the electrical current-carrying

capacity of the wire will

(a) increase

(b) decrease

(c) remainthe same

(d) vary depending upon the electrical
conductivity of the wire [ESE : 2000]

1.26 The overall heat transfer coefficient Ufor a plane
composite wall of n layers is given by (the
thickness of the /th layer is t, thermal conductivity
of the / th layer is k., convective heat transfer
coefficient is h)

1 I .
@ —5— ® h+3 Leh,
_+Z L P t= !
h1 i=1 kf hn
1 1. < L 1
© — d = ?_: ran
_1 '!r hl 1 k.i h‘l
h1+§ k}+n,,
(ESE : 2000]

1.27 Acomposite plane wall is made up of two different
materials of the same thickness and having
thermal conductivities of k, and k. respectively.
The equivalent thermal conductivity of the slab is

(@) k, + K, (b) e, kz
Ky + Ko M
(c) e (d) E ok

[ESE : 2000]

Direction: Each of the next consists of two statements,
one labelled as the ‘Assertion (A)' and the other as
'Reason (R)'. You are to examine these two statements
carefully and select the answers to these items using
the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Ais false but R is true

1.28 Assertion (A): The leakage heat transfer from
the outside surface of a steel pipe carrying hot
gases is reduced lo a greater extent on providing
refractory brick lining on the inside of the pipe as
compared to that with brick lining on the outside.
Reason (R): The refractory brick lining on the
inside of the pipe offers a higher thermal
resistance.

[ESE : 2000]

1.29 Assertion (A): Thermal conductance of heat pipe
is several hundred times that of the best available
metal conductor under identical conditions.
Reason (R): The value of latent heat is far greater
than that of specific heat.

[ESE : 2000]
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CUHUETES Conduction
11 (8 1.2 (b 13 (@ 14 (a 1.5 (c) 16 (b) 1.7 (a 18 (a) 1.9 (b
110 (& 111 (@ 112 (a 113 (c) 1.14 () 1.15 (d) 116 (d) 117 (a) 1.18 (c)
119 (b) 1.20 (¢) 1.21 (d 122 (d) 1.23 (b) 1.24 (d) 125 (a) 1.26 (a8 1.27 (d)
1.28 (a) 1.29 (a)
Cnmluctiun
1.1 &) 15 [@)
Q= f;: = :ﬂpﬁr ;ﬁig::;i; f;?gsﬂrace according to second law
e _f% A= I‘“"_ L Second law of therﬁmr.iynamms slales that "heat

F"[E'ﬂ'E ]Cn (Tro=T)

{=
I’R

(b)
In current carrying conductor heat dissipation 1S
the main objective of insulation. So if radius of
conductor is less than critical radius, then
addition of insulation upto critical radius will lead
to increase in heat transfer.

(a)

( T'Tn-rt}znf-
Q= nen

1 rn+1
£ 4o

n=1 N
(For composite cylinder)

4“{TI rl+ IJ

C¥e]

(For composite sphere)

(a)

When insulation is added to the inside surface
then surface area reduces due to decrease in bore
of the pipe. Hence convection resistance (1/hA)
increases. Also due to insulation on the inner
surface conduction resistance will increase. So
overall resistance of the pipe will always increase
and hence heat transfer will always decrease.

will flow naturally from one reservoir to another at
a lower temperature, but not in opposite direction
without assistance”.

16 fO

Critical radius for sphere,

2k 2x0.04
,I":_: = h = “} = DDDE m

.. Diameter = 2r_= 16 mm

5
In usual analysis R__ and H_, are larger
magnitude than Hpm and Ag,.m

1.8 [B)

Momentum transfer —

Kinemalic viscosity

Kinematic viscosity: v =

= =

Mass transfer — Diffusion coefficient
Molecular diffusion is governed by Fick's law
mj

Ny = =~ Dag G

where, N, = mass flux of species A
D, = Diffusion coefficient

dc |
d: = Concentration of gradient for species A
Heat transfer — Thermal diffusivity

k
Thermal diffusivity: o = —
PCp
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1.9 [& 112 [0
i Gl

An increase in
thickness of insulation 9
increases the heat loss.

I fo=1,

]
]
]
i
]
]
]
]
R N T & & T

The heat loss from an
insulated pipe reaches

an
al

a maximum value when the outside radius of
insulation is equal to the ratio of thermal
conductivity to the surface heat transfer coefficient

For cylinder, r, = k/h.

(a)

Parallel connections,

(@)

k, < k, [k, better insulator]
kKAAT

Q) o
)
h
Qe k
This means that the material having better
insulating material should be inside to minimize

the heat flux. If higher 'k’ material then 'Q' is more
since total thermal resistance is lesser.

T e tvg
&
%n

For positive value of a, the temperature profile
curve is convex and curve would be concave for
negative value of coefficient a.

K= kc[1+{lT]
1.13 [0
A= it R,
g _ L L
koA KA kA . %
Since L= L,=L
2L _ L, L
k.q k| kg |"_L1_'|"'_L?_"|
L=l,=L
ke _ kik, ’
2 ki+k,
2k ks,
Keq = ks + Kk,

(a)

All of the options are wrong.

1.15 [0

Assumptions associated with Fourier's law of heat
conduction

1. Steady stale conditions.

2. One dimensions heat flow.

3. Uniform temperatures at the wall surfaces.
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(@) (c)

Because for radiation to be comparable the

Curve showing magnitude of temperature difference should be
variation of k - L
- - “;'1';1 < . large eqnugh. Cnmecnun & conduction is also
X predominant in boiler furnace.
@
r
SRS E g KAT—2 o eATORI AR ) 1
L In[r_] (2 - FI)| enlol
{ enif
(@)
. - T2 A
' Wl
%Eumacum {r? l',) |l"i[ &]
(h)
Te A __KAT (A-A ::kﬁTA,m
(@-n)\,n[ﬁ] L
A,
For steady state conditions of rod, Hence, A, = £?-_—A‘
Heat convected from surface = Heat generated gn[‘_qz ]
in rod A
Heal flux x area = Heal generated
GoX2nAL = g, xx FBL 2 (d)
2q
= ngl"l = 'ﬁﬂ me :::’.ﬂfﬁ;ﬂ
(e) AN SR
Outer k=3 WimKk 7 k,—ﬂSWhﬂK =
1{msc .-"_.':*""f;_,, -: ffﬂ!ﬂl ”;/-,f/.-*f_,-'fff, & kx ".% I =40°C
' ff \5\\:‘“1& == "-. -~ “ixx"x '
f";"/'/f/-"f \\
,-"' ;“f",ﬁf ,r’r” “:IT‘?\\\Ni xhx 5 -120°C P e O =t
k=3 WimK 4 k,=0.3 WimK .
M '\h =
///fff{:& \ g T.=40c 0 = hx (120 - 40) = 133 naD
3,0
o 0.3 m-—wje— 03I M- 3 0.3
(0.3] ([}3)
3 03
1000-T,=01T7-12 q= 800 Win?
11T, = 1012 =
fy=920°C k=20WImK | = 80 WimK
®
For higher thermal conductivity, temperature drop - _1
should be less. 5cm

Guard heater will be the case of internal heat
generation.
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Since heat flux remain constan! (d)
Q R,= R, +A,
q= =l ~25) N
g _ L, L K | o«
800 = 80 (T, 25) koA KA kA
T, =35°C Since Li=L,=L
1.24 Q) = b L= L
1 d|r-dTl kw oilke
I
rarl ar ]_D Kog _ kiky
2 k, +k,
d(iéﬁ] = W
97k vk,
Integrating both sides
3 27
rdl o 1.27 [6)
dr When the refractory brick is set inside, both
_Gy-ar convective and conductive thermal resistance will
r increase. Since area of contact between the gases
T=C,Inr+C, and inside surface will decrease there by
Temperature variation will be logarithmic for increasing convection resistance
cylinder.
| n heat pipe the rate of heat transfer is very high
(a) Inh th fh f :
because phase change of fluid is made use of
k 05
= 10 0.05m =50 mm because the convection heat transfer coefficient

during phase change is very high.
Newradius =05+ 1+ 10mm=11.5mm

Since, radius is less then critical radius hence EREE

insulation provided will improve the heat loss and
current carring capacity will increase.

()

UA:1— 1

IR L, 2 W
h =k h,

{= Y




2.1

2.2

A2

Match List-l (Parameter) with List-1l (Definition)

and select answer using the codes given below

the lists:
List-1

A. Time constant of a thermometer of radius r_

B. Biot number for a sphere of radius r_

C. Critical thickness of insulation for a wire of
radius r,

D. Nusselt number for a sphere of radius r,
List-ll

hr
1 &
J""tlu.i.'w:!
Kk
2. s
hr
3. 2]
Skaniid
s M
- pCV

Nomenclature: h : film heat transfer coefficient,
Ko - thermal conductivity of solid K ... thermal
conductivity of fluid, p : density. ¢ specific heat,
V: volume, I : length.

Codes:

A B C D
@ 4 3 2 1
(b) 1 2 3 4
) 2 3 4 1
(d 4 1 2 3

[ESE : 1995]

A solid copper ball of mass 500 grams, when

quenched in a water bath at 30°C, cools from 530°C

1o 430°C in 10 seconds. What will be the

temperature of the ball after the next 10 seconds?

(@) 300°C (b) 320°C

(c) 3B0°C

(d) Not determinable for want of sufficient data
[ESE : 1997]

2.3

2.4

2.5

Unsteady State Conduction

Heat Transfer

The time constant of a thermocouple is the time
taken to attain
(a) the final value o be measured
(b) 50% of the value of the initial temperature
difference
(c) 63.2% of the value of the initial temperature
difference
(d) 98.8% of the value of the initial temperature
difference
[ESE : 1997]

A thermocouple in a thermowell measures the
temperature of hot gas flowing through the pipe.
For the most accurate measurement of
temperature, the thermowell should be made of
(a) steel (b) brass
(c) copper (d) aluminium

[ESE : 1997]

Match List-l with List-ll and select the correct
answer using the codes given below the lists:

List-l List-lI
A. Fin 1. VAIC,,,
B. Heatexchanger 2, w2Jut
C. Transientconduction 3. JHP/KA
D. Heisler chart 4. hi/k
Codes:

A B C D
(a) 3 1 2 4
b) 3 1 4 2
c) 83 4 2 1
d 2 4 3 1
[ESE : 2000]
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Unsteady State Conduction Heat Transfer

21 (a 22 (c) 23 (c) 24 (a 25

XL unsteady State Conduction Heat Transfer

21 [0

hr,
Biot number = —>
k?.ﬂl-.d
hr,
Nusselt number = —2
kf'h.uﬂ
Critical thickness of insulation of a wire
K
0 h
| pCV
Timeconstant = ——
hA

where, V= Volume; A= Area

(c)

This is the case of unsteady state heat
conduction.

T, = Fluid temperature

T, = Initial temperature

I = lemperature after elapsing time 't

Heat transferred = Change in Internal energy

hA(T-T,) = —ma, (.;_T]

This is derived 10.

hA
8 YA
HU
- I"'I'.ﬂ,.
" T-T, _ o "
=T,
or 43030 = 08

TMT
= &% (1=10sec)
After 20 sec (21):
i'q.'.?ﬂ = ;
T-30 - Epcpl.f -_r[er.tu::ﬂ ]
50-8
e 2
or 500 - (0.8)" =0.64
T= 350°C

©)
Time constant of the thermocouple represents the

lime required for the thermo couple to record
63.2% of initial temperature difference.

25 [

Forfin m= V

HP
KA
For heat exchanger: NTU= UA/C_, .
For transient conduction Biot number:
Bi = ht/k

a0

Heisl ;
For Heisler chart ot




Heat Dissipation From

Extended Surfaces (Fins)

3.1

3.2

Consider the following statements pertaining to

heat transfer through fins:

1. Fins are equally effective irespective of whether
they are on the hot side or cold side of the fluid

2. Thetemperature along the fin is variable and
hence the rate of heat translfer varies along
the elements of the fin.

3. Thefins may be made of materials that have a
higher thermal conductivity than the material of
the wall.

4. Fins must be arranged at right angles to the
direction of flow of the working fluid.

Which of these statements are correct”

(@) 1and 2 (b) 1and3

(c) 2and 4 (d) 2and 3[ESE : 1996]

Addition of fin to the surface increases the heat

transfer if JhA/kP is

3.3

(a) equaltoone
(C) less than one
(d) greater than one but less than two.

[ESE : 1996]

(b) greater thanone

A fin length / protrudes from a surface held at
temperature [, greater than the ambient
temperature ¢, The heat dissipation from the free
end of the fin 1s assumed to be negligible. The

dt
temperature gradient at the fin tip (EJ‘ .18

[ITIT) Heat Dissipation From Extended Surfaces (FINS)

3.1

d 32 (c) 33 (a

Heat Dissipation From Extended Surfaces (FINS)

0

Since effectiveness of fin is given by

Km
€in =
Hence fin will be more effective on the side where
heal transler coefficient (h) 1s less.
Fins are made up of material as that of base metal
s integral but higher thermal conductivity metal
are preferable as temperalure drop will be close

to uniform temperature (ideal fin material k = ee)

3.2 [0

fir

iHF‘
€0 = \pa it shoula be greater than one but In

. ; T . :
given question — is given so it should be less

fin

than one,

(a)

f;-fa
(a) Zero (b) 7 —
o
g =1
(©) Mty—1) (@) = [ESE : 1999]
EEER
- { -
Tol
T \\
;'.'l..l',_ir ________________ s Alx=L
E =T
g=0

- LE‘Iﬂm
Hence, at the end of fin, temperature gradient is

negligible
(111}



‘ 4 Free and Forced Convection

4.1 Maich List-l (Flow pattern) with List-ll (Situation) 4.2 Assertion (A): When heat is transferred from a

and select answer using the codes given below cylinder in cross flow to an air stream, the local
the lists: heat transfer coefficient at the forward stagnation
List-l point is large

Reason (R): Due to separation of the boundary
layer eddies continuously sweep the surface close
lo the lorward stagnation paint

[ESE : 1995]

4.3 Assertion (A): A slab of finite thickness heated
on the one side and held horizontal will lose more
heat per unit time to the cooler air if the hot surface
faces upwards when compared with the case
when the hot surface faces downwards
Reason (R): When the hot surface faces upwards,

List-II convection takes place easily whereas when the

hot surface faces downwards, heat transfer is

1. Heated horizontal plate 1 ‘ _
2. Cooled horizontal plate mainly by conduction through air
3. Heated vertical plate [ESE : 1996]
4. Cooled vertical plate 4.4 Maich List-l with List-1l and select the correct
Codes: answer using the codes given below the lists:
A B C D List-
@@ 4 3 2 1 A. Reynolds Number
(b) 3 4 1 . B. Prandtl Number
© 3 4 5 ' C. Nusselt Number
{Eﬂ 4 3 1 2 D. Mach Number
[ESE : 1995 i
1. Film coefficient, pipe diameter, thermal
Direction: Each of the next consists of two statements, conductivity
one labelled as the 'Assertion (A)' and the other as 2. Flow velocity, acoustic velocity.
‘Reason (R)'. You are to examine these two statements 3. Heat capacity, dynamic viscosity, thermal
carefully and select the answers to these items using conductivity.
the codes given below 4. Flow velocily, pipe diameter, kinemalic
Codes: viscosity.
(a) Both A and R are individually true and R is Codes:
the correct explanation of A A B C D
(b) Both A and R are individually true but R is (@ 4 1 3 2
not the correct explanation of A L) 4 3 1 2
(c) Aistrue but R is false ¢ 2 3 1 .
(d) Ais false but R is true (d 2 1 3 4 [ESE : 1996]
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4.5 Consider the development of laminar boundary

4.6

4.7

4.8

4.9

layer for a moving non-reacting fluid in contact
with a flat plate of length ‘I' along the flow
direction. The average value of heat transfer
coefficient can be obtained by multiplying the
local heat transfer coefficient at the trailing edge
by the factor
(@) 0.75

(el 15

(b) 1.0

(d) 20  [ESE: 1996]

When there is flow of fluid over a flat plate of length
L, the average heat transfer coefficient is given by

@ [ hdx ) -(h)

KL
Ejﬂ NU:dI |
[ESE : 1997]

When all the conditions are identical, in the case
of flow through pipes with heat transfer, the
velocity profile will be identical for

(a) liquid heating and liquid cooling

(b) gas heating and gas cooling

(c) liquid heating and gas cooling

(d) heating and cooling of any fiuid [ESE : 1997]

In the case of turbulent flow through a harizontal
isothermal cylinder of diameter ‘D free convection
heat transfer coefficient for the cylinder will

(a) beindependent of diameter
(b) vary as D4

(c) vary as D'

(d) vary as D'

1
© 7J,hax @

[ESE : 1997)

Given that
Pr= Prandtl number
Nu = Nusselt number
Sh = Sherwood number
Re = Reynolds number
Sc = Schmidt number and
Gr = Grashoff number
the functional relationship for free convective
mass transfer is given as:
(@) Nu=ARGr, Pr) (b) Sh=ASe, G
(c) Nu= f{Re, Fr) (d) Sh = f(Re, Sc)
[ESE : 1997]

4.10 Match the velocity profiles labelled, A, B, C, and

D with the following situations:

411

Solved Papers

¥ .

1

- .i...........-,..,.....--..-.-
:

Natural convection.

Condensation,

Forced convection.

‘Bulk viscosity # wall viscosity.

. Flowin pipe entrance.

Select the correct answer using the codes given
below:

Codes:

0B @

A B C D
@ 3 2 1 5
(b)y 1 4 2 3
) 3 2 1 4
(d 2 1 5 3 [ESE : 1998]
Heat is lost from a 100 mm diameter steam pipe

placed horizontally in ambient at 30°C. If the
Nusselt number is 25 and thermal conductivity of
air is 0.03 W/mK, then the heat transfer coefficient
will be

(a) 7.5 Wim?K
(c) 25.2 Wim?K

(b) 16.2 W/mZK
(d) 30 W/m?K
[ESE : 1999
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4.12 For laminar flow over a flat plate, the local heat

transfer coefficient h_varies as x"'?, where x is
the distance from the leading edge (r = 0) of the
plate. The ratio of the average coefficient h,
between the leading edge and some location A
at x = x on the plate to the local heat transfer
coefficient h at Ais

(a) 1 (b) 2

(c) 4 (d) 8 [ESE : 1999]

4.13 For the fully developed laminar flow and heat

transfer in a uniformly heated long circular tube,
if the flow velocity is doubled and the tube
diameler is halved, the heat transfer coefficient
will be
(a) double of the original value
(b) half of the original value
(c) same as before
(d) four times of the original value

[ESE : 2000

4.14 In respect of free conveclion over a vertical flat
plate the Nusselt number varies with Grashof

number 'Gr' as

(@) Grand Gr'™ for laminar and turbulent flows
respectively

(b) Gr'”and Gr'?for laminar and turbulent flows
respectively

(c) Gr'"*and Gr'”for laminar and turbulent flows
respectively

(d) Gr'®and Gr'™for laminar and turbulent flows
respectively [ESE : 2000]

4.15 Consider the following conditions for heat transfer

(thickness of thermal boundary layer is 8, velocity
of boundary layer is & and Prandtl number is Pr)
1. §(x)=8(x) ifPr=1

2. 8(x)>>8(x) if Pr<<i

3. §(x)<<dlx) if Pr>>1

Which of these conditions apply for convective
heat transfer?
(@) 1and?2
(c) 1and 3

(b) 2and 3
(d) 1,2and 3
[ESE : 2000]

4.16 The Nusselt number is related to Reynolds number

in laminar and turbulent flows respectively as

(a) Re'?and Re*® (b) Re'” and Re”®

(c) Re'=and Re® (d) Re'*and Re**®
[ESE : 2000]

417 If heat and mass transfer take place

simultaneously, the ratio of heat transfer coefficient
1o the mass transler coefficient is a function of
the ratio of
(a) Schmidt and Reynolds numbers
(b) Schmidtand Prandt! numbers
(c) Nusseltand Lewis numbers
(d) Reynolds and Lewis numbers
[ESE : 2000]

4.18 Assertion (A): All analysis of heat transfer in

turbulent flow must eventually rely on experimental
data.
Reason (R): The eddy properties vary across the
boundary layer and no adequate theory is
available to predict their behaviour.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue butR is false
(d) Ais false but R is true
[ESE : 2000]
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Solved Papers

Free and Forced Convection
41 (b)) 42 (a) 43 (a) 44 (b) 4.5
410 (c) 4.11 (a) 4.13 (a)

Free and Forced Convection
(b)

As the colder particles come in contact with hotter
body, they get heated up. Due to heating particles
become lighter and rise in upward direction and
opposite will happen when hotter particles come
in contacl with colder body.

4.3 [0

When the hot tace is facing downward then the
upward motion of air is impeded by plate.

(b)
UD

Reynold number = v

4,12 (b)

U = Velocity

v = Kinemalic viscosily = %

C
Prandtl number = .“IE
hD
Nusselt number = T
V Flow velocity

Mach number =

45 [0
n_=2n

avg ocal

46 [0
1

[
hﬂfﬂ . Ejﬂl h:' d.T

C ~ Acoustic velocity

I’.:h:.!'.lT'IE

Q= hy, xAxAT= J.ht dx. AT

h:r.eg = % Ih" dx

4.7 B

When all the conditions are identical, in the case
of fiow through pipes with heat transter, the velocity
profile will be identical for liquid heating and liquid
cooling.

4.14 (c)

46 (c) 47 (@ 48 (a) 4.9 (b)

415 (d) 416 (b) 4.17 (b) 4.18 (a)
() )
\;’ A
( )
4.8 IO

Nu = RGr- Pr)'@
_ gBATD® _hD _

G = B Nu = e D

h is independent of D

(b)

For free convection mass transfer

Sh = f(Sc, Gr)
411 [0
Nu = %-*—25
e EExD.Di ~ 7.5 WimeK
100x10

(b)

For laminar flow over flat plate

h, ]
¥ =2
[nmﬂ Ar=x

(@)

For fully developed flow
hd

Tk
1

hﬂfE

Hance,

(©)

For laminar flow:
Nu = 0.53(Gr.Pn)"™
(10* < Gr.Pr< 109
For turbulent fiow: = 0.13(G.rPr)'*®
(10°< GrPr< 10"
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(d)

~ O

i (F'r)1"3

” ‘l':".r = = ﬁj.:ﬁ
If Pr<<1 = §>8
It Press1 = ﬁrc{ﬁ

(6)

For laminar flow

Nu = C(Re)"?(Fr)'~
For turbulent flow

Nu = C(Re)*2(Pr)'?

o,

(b)

Schmidt number (S¢) = %

where v is kinematic viscosity
and D is diffusion coefficient

Prandti number (Pr) = x

(V]
where a is thermal diffusivity
S _viD «

Pr vie D

@

Because in turbulent flow there is continuous
mixing of fluid hence any correlation to satisfy it
should be based on experimental data.



Radiation

5.1

5.2

Consider the following statements:
1. Temperature of the surface.
2. Emissivity of the surface
3. Temperature of the air in the room.
4. Length and diameter of the pipe.
The parameter(s) responsible for loss of heat from
at hot surface in a room would include
(@) 1only (b) 1and?2
(c) 1,2and 3 (d) 1,2,3and 4
[ESE : 1995]

Match List-l with List-1l and select answer using

lhe codes given below the lists:
List-

A. |Infinite parallel planes

B. Completely enclosed body large compared
to enclosing body (Subscript 1 for enclosed
pody)

C. Two rectangles with common side
perpendicular to each other

D. Concentric cylinders

List-ll
1. g

55
- 1 11

+—=1

g, &

1

» 1+A.[ = 1]

g, Ale,
Codes:

A B C D
(@ 1 2 4 3
(b) 3 1 4 2
() 2 1 3 4
(a) 3 1 2 -1

(ESE : 1995)

5.3 Match List-l with List-ll and select the correct

54

9.5

answer using the codes given below the lists:
List-|

Window glass

Gray Surface

. Carbon dioxide

Radlosity

List-1I

Emissivity independent of wavelength
Emission and absorption limited to certain
bands of wavelength

3. Hate al which radiation leaves a surface
4, Transparency to short wave radiation
Codes:

Oow>

) =

(a)
(b)
(c)
(d)

_n.]:-..::..—n.}

B
4
1
1
4

AR AR S
(SR AR SO AN

[ESE : 1996]

Assertion (A): The nose of aeroplane Is painted
black.
Reason (R): Black body absorbs maximum heat
which is generated by aerodynamic heating when
the plane is flying
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) A is false but R is true
[ESE : 1996]

Sun's surface at 5800 K emits radiation at a
wavelength of 0.5 p. A furnace at 300°C will emit
througn a small gpening, radiation at a wavelength
of nearly
(a) 10
() 0.25p

(b) Sy
(d) 0.025u
[ESE : 1997]
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5.6

5.7

5.8

5.9

Consider two infinitely long blackbody concentric
cylinders with a diameter ratio D,/D, = 3. The
shape factor for the outer cylinder with itself will be

2
LN
£ 2
%25
(@ 0 (b) 18
(c) 2/3 (d) 1 [ESE : 1997

A large spherical enclosure has a small opening.
The rate of emission of radiative flux through this
opening is 7.35 kW/m?. The temperature at the
inner surface of the sphere will be about (assume
Stefan Boltzmann constant g = 5,67x10% W/m?K%)
(a) 600°C (b) 330°C |

(c) 373K (d) 1000 K[ESE : 1998]

The spectral emissive power £, for a diffusely
emitting surface is

1. =0 for <3 um

2. E =150W/m?um for8<A<12pum

3. E =300W/m?am for 12 <A <25 pum

4. E =0 for A > 25 um

The total emissive power of the surface over the
entire spectrum IS

(8) 1250 W/m? (b) 2500 W/m?
(c) 4000 W/m? (d) 5250 Wim?
[ESE : 1998]

Consider the following statements:

1. For metals, the value of absorptivity is high,

2. For non-conducting materials, reflectivity is
low,

3. For polished surfaces, reflectivity is high.

4. For gases, reflectivity is very low.

Which of these statements are correct?

(a) 2,3and 4 (b) 3and 4

(c) 1,2and 4 (d) 1and4[ESE: 1998]

5.10 On a summer day, a scooter rider feels more

comfortable while on the move than while at a

stop light because

(@) an object in motion captures less solar
radiation

(b) air is transparent to radiation and hence it is
cooler than the body

(c) more heat is lost by convection and radiation
while in motion

(d) air has a low specific heat and hence it is
cooler [ESE : 1998]

5.11 Assertion (A): In a furnace, reradiation from the

walls has the same wavelength as the incident

radiation from the heat source.

Reason (R): Surfaces at the same temperature

radiate at the same wavetength.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Aisfalse butR is true [ESE : 1998]

5.12 A spherical aluminium shell of inside diameter 2 m

s evacuated and used as radialion test chamber.
it the inner surface is coated with carbon black
and maintained at 600 K, the irradiation on a small
test surface placed inside the chamber is (Stefan-
Boltzmann constant o = 5.67 x 107 W/m?2K4)

(a) 1000 W/m? (b) 3400 W/m?
(c) 5680W/m? (d) 7348 W/m?
[ESE : 1999]

5.13 Match List+l (Law) with List-ll (Equation) and

select the correct answer using the codes given
below the lists:

List-I

Stefan-Boltzmann law

Newton's law of cooling

Fourier's law

Kirchoff's law

List-l
g=hAT,-T,)
E=uaE,

com>»

KA

q=0A(T}-T5)

q=KkA(T,-T,)
odes:

QU s W ™

(a)
(b)
(c)
(d)

-.-nl:.;].nmn
a0 ND

B
!
9
l
5

NN E s

[ESE : 1999]
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5.14 Ifthe temperature of a solid surface changes from = B
27°C to 627°C, then its emissive power will (c) [{fi E;} (d) ([fir:;]
increases in the ratio of ' ‘
(@) 3 (b) 9 [ESE : 2000]
(c) 27 (d) 81 [ESE:1999] 5,16 Solar radiation of 1200 W/m¥ falls perpendicularly

5.15 Heat transfer by radiation between two grey bodies
of emissivity £ is proportional to (notations have
their usual meanings)

(Ep-J)

(a) -e) (b)

(Ep-J)
(1-€)fe

LT A Radiation

51 (d 52 (d 53 (c) 54 (c) 5.5
5,10 (c) 5.11 (d) 65.12 (d) 5.13 (a)
SIELEUCLEE Radiation

(@)

If considering radiation heat transfer

Q= oceA(T.*- Tz"}
and A= nlL
Hence heat transfer will depend upon
e Temperature of the surface and surrounding
¢ Emissivity of the surface
¢ Length and diameter of the pipe

(d)

Equivalent thermal resistance between two gray
bodies exchanging heat
1 . EI 1 1- EE’

A, = + +
TgA AR, 6A

(i) For infinite parallel plates
Fio= 1
A, =

1

= A

N

HHT

- l-1+1+i-1]
A

1[1 1
—|—+—=1
Ale, &
(il) Concentric cylinders

F‘r? = |

5.14 (d)

on a gray opaque surface of emissivity 0.5. It the
surface temperature is 50°C and surface emissive
power is 600 W/m#, the radiosity of that surface

will be
(@) 600 W/m?® (b) 1000 W/m?®
(c) 1200 W/m? (d) 1800 W/m?
[ESE : 2000]
EEER

56 (o)
5.15 (b)

5.7 (b) 58 (d) 5.9 (a)
5.16 (c)

i)
S AERPOR | L
Ale A\ &

A

(iii) A small gray body (i) in a large gray

enclosure (i)
Rmz 1-E1+ 1 +1““EE-
gA ARy &A
A<<A,
e, S
A? ¥
and F,=1

Radiosity is the rate at which energy is leaving
from the surface (reflection and emission both).
Gray surface is an imaginary surface which have
emissivity independent of wavelength.

(c)

Black paints have less reflectivity. So suitable
for radar system to detect airplanes.
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(b) Emissivity of nonconducting material is high so
reflectivity low. For highly polished surface
reflectivity is high.

From weins displacement law
A, T = Constant

i1 T = 5800K (c)

A =05 |
: More heat is lost by for convection th
= DE00 %002 valuee ;Tﬁelzt transfhrer c::mien: IS I:ar : Sﬂnz
Now A(300+273) = 2900 : r ge.
while moving torced convection will occur.

(d)

Assertion is wrong.

(d)
From geometry (a)

g= ol =567 x 10° = 7348.2 W/m?

Fip = 1 Stefan-Boltzman law : Q = 6A(T - T,%)
Fay + ’;::22 - ; . Newton law of cooling : Q= hA(T,-T,)
2= 17T
kA
£ oo 1_ﬂ=1_nD,L Fnurier!aw:D=T(ﬂ-Tg}
_ A, nD,L

Kirchoff law : E = aE,

1. 2

3" 3 5.14 [C)
T,=273+27=300K
T, =627 +273 = 900 K
Emissive power = oT*

m
E
n
p—
|

735x10°=567x108 T 4 4
.- E a00
!?.35:-:103 ]“' _E _ T) =[_]

=T E T 300
5.67x10°8 -
&
T= 600K = 327°C = = 3'=81
:
EXl () 515 I8
£l %0 a=e (Kirchoff's law)
g=AE-aG) p=l-w=1-¢
Radiosity
150 J=€eE,+(1-€)G

o As-250) L B
- = [lj]

3 12 25 eA
E= J;: E.I dx ('ﬂ)
J

E= 180x(12-3) +300(25-12)
= 5250 W/m?

(a) nwun

The emissivity of metallic surface is generally
small. Theretore absorptivity will be low.

eE, + pG = 600 + (0.5)(1200)
1200 W/m?



Heat Exchangers

6.1

6.2

6.3

6.4

A counter flow shell and tube exchanger Is used
l0 heat water with hot exhaust gases. The water
(c,=4180J/kg°C) flows at the rate of 2 kg/s while
the exhaust gas (c,= 1030 Jkg™C) flows at the rate
of 5,26 kg/s. If the heat transfer surface area is
32.2 m* and the overall heat transfer coefficient
s 200 W/m?°C, the NTUfor the heat exchanger is
(a) 1.2 (b) 24
(c) 45 (d) 86

[ESE : 1995]

Match List-l with List-ll and select answer using
the codes given below the lists:

List-|

Regenerative heat exchanger

Direct contact heat exchanger
Conduction through a cylindrical wall
Conduction through a spherical wall
List-l|

Water cooling tower

Ljungstrom air heater

Hyperbolic curve

. Logarithmic curve

Codes:

cow>»

o

A

@ 1
(b) 3
€ 2
2

B8
4
1
1
(d) 1

BWaENO
W asMNWD

[ESE : 1995]

Heat pipe is widely used now a days because
(a) it acts as an insulator
(b) it acts as conductor and insulator
(c) it acts as a superconductor
(d) itactsasafin
[ESE : 1995]

A counter flow heat exchanger is used to heat
water from 20°C to 80°C by using hot exhauslt gas
entering at 140°C and leaving at 80°C. The log

6.5

6.6

6.7

mean temperature difference for the heat
exchanger is
(a) 80°C
(b) 110°C
(c) 60°C
(d) Not determinable as zero is involved
[ESE : 1996]

A heat exchanger with heat transfer surface area
A and overall heat transfer coefficient Uhandles
two fluids of heat capacities C, and C, such that
C, > C,. The NTU of the heat exchanger is
given Dy

AU _[AU
— e — Ce
@ T (b) e
ALl
- Al
(c) e [’:*] @ &

[ESE : 1996]

Consider the following statements:

The flow configuration in a heat exchanger, whether
counter flow or otherwise, will not matter if

1. alquid s evaporating

2. avapouris condensing.

3. mass flow rate of one of the fluids is far

greater.
Which of these statements are correct?
(a) 1and 2 (b) 1and 3
(c) 2and 3 (d) 1,2and 3
[ESE : 1997)

Which one of the following diagrams correctly
shows the temperature distribution for a gas-to-
gas counter flow heat exchanger?

A

= ‘1\

(a)
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T

[

(b)

Length

(c)

i

(d) [ESE : 1997]

Length

6.8 Consider the following statements :
The effect of fouling in @ water-cooled steam
condenser is that it
1. reduces the heat transter coefficient of water,
2. reduces the overall heal coefficient.
3. reduces the area available for heat transfer.
4. increases the pressure drop of water.
Which of these statements are correct?
(@ 1,2and4 (b) 2, 3and 4
(c) 2and 4 (d) 1and3[ESE: 1997]

ummmmm
6.1 (ag 6.2 (d 63 (c) 6.4 (c) 6.5
6.10 (c) 6.11 (c)

Heat Exchangers
6.1 [O)

¢, = Mm,C, =2x4180 = 8360 W/°C

W

c, = MyChy = 5.25%1030

g
= 5407 5W/FC
Since ¢, > c,
hence C.,, = 5407.5W/C

NTU = UA _ 200x32.2

=1.19=1,
C., 54075 S

6.9 Assertion (A): The LMTDfor counter flow is larger
than that of parallel flow for a given temperature
of inlet and outlet.

Reason (R): The definition of LMTD is the same
for both counter flow and parallel flow.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Alistrue but R is false

(d) Ais false but R is true [ESE : 1998]

6.10 A cross-flow type air-heater has an area of 50 m?.
The overall heat transfer coefficient is 100 W/m?K
and heat capacity of both hot and cold stream is
1000 W/K. The value of NTU is
(a) 1000 (b) 500

(c) 5 (c) 0.2 [ESE : 1999]

6.11 The equation of effectiveness e =1 - eV of a
heat exchanger is valid (NTUis number of transfer
unit) in the case of
(a) boiler and condenser for parallel flow
(b) boiler and condenser for counter flow
(c) boilerand condenser for both parallel fliow and

counter flow
(d) gas turbine for both parallel flow and counter
flow
[ESE : 2000]
EEEN

66 (d 6.7 (b) 68 (a) 6.9 (b

@

Temperature variation through a cylindrical wall
is follow logarithmic profile and through sphere
follow hyperbolic profile.

(c)

Heal pipe is device used o obtain very high rates
of heat flow. In practice, the thermal conductance
of heat pipe may be several hundred (500) times
than that best available metal conductor, hence
they act as super conductor.
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X (c) 6.9 [0

Eﬂi Hot fluid
C 80°C
80°C i
\\ ﬂu"ﬂ
|

Cold fluid 20°C

LMTD =60°C
6.5 [0
UA
NTU =
o Gmin
Since C, < C,
UA
NIiU= —
U G,

For condensation and evaporation capacity ratio
C=0.

Crmin

C=
Crnax

=0

; i¥‘
|

Evaporation

Condensation

(b)
For counter flow heat exchanger
T.

N

Length

6.8 (O

In a condenser cooling water from inside the tube
and steam gets condensed on the surface. The
fouling takes places inside the tube which leads
to reduction in water side heat transfer coefficient
and therefore reducing the overall heal transfer
coefficient.

{ﬂ' Tmlllr_'ﬂul‘-lf.'r flow > I:'ﬁ' Tf"")ﬂﬂ:ﬂ“ﬂ' flow

b 1 LS

f The
AT, AT, IM“
T l T

by P

o &
Parallel flow

$ o
AT,

'

\L_
[ “\\_’

Counter fiow

AT, - AT,

AT,
In
(57)
FFor parallel flow

AT, = T, -T,andAT,=T.-T,.,
For counter flow
d‘-,; 2 TH" Tﬂﬂand ’iTp: Tﬂﬂ_ Tf:r

)

NTU =

(c)

Heal capacity ratio C will be zero for both
evaporator and condenser

C=0e=1-gNl

This is valid for both evaporator and condenser

LMTD(AT,) =

UA _100 x50 _

5
C.n 1000



7.1

7.2

7.3

A 7

Consider the following statements regarding

nucleate bolling:

1. Thetemperature of the surface is greater than
the saturation temperalure of the iquid.

2. Bubbles are created by the expansion of
entrapped gas or vapour at small cavities in
the surface

3. The temperature is greater than that of film
boiling.

4 The heat transfer from the surface to the liquid
1s greater than that in film boiling.

Which of these statements are correct”

(@ 1,2and 4 (b) 1and 3

(c) 1,2and 3 (d) 2,3and 4

[ESE : 1995]

Assertion (A): Even though dropwise
condensation is more efficient, surface
condensers are designed on the assumption of
filmwise condensation as a matter of practice,
Reason (R): Dropwise condensation can be
maintained with the use of promoters like oleic
acid.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) A is false but R is true
[ESE : 1995]

Consider the following statements regarding

condensation heat transler:

1. For a single tube, horizontal position is
preferred over vertical position for better heat
transfer,

2. Heat transfer coefficient decreases if the
vapour stream moves at high velocity.

3. Condensation of steam on an oily surface is
dropwise.

7.4

7.5

Boiling and Condensation

4. Condensation of pure benzene vapour is
always dropwise,
Which of these statements are correct?
(a) 1and 2 (b) 1and 3
(c) 2and 4 (d) 3and 4
[ESE : 1996]

The given figure shows a pool-boiling curve.
Consider the following statements in this
regard:

Heal flux

e

(Ta= T

1. Onset of nucleation causes a marked change
In slope.

2. Atthe point 8, heat transter coefficient is the
Mmeximuim.

3. In an electrically heated wire submerged in
the liquid, film heating is difficult to achieve.

4, Beyond the point C, radiation becomes

significant.
Which of these statements are correct?
(a) 1,2and 4 (b) 1, 3and 4
c) 2. 3and 4 (d) 1.2and 3
[ESE : 1997]

Consider the following statements;

If a surface is marked with a number of cavities,
then as compared to a smooth surface

1. radiation will increase

2. nucleate boiling will increase

3. conduction willincrease.

4. convection will Increase.

Which of these stalements are correct?

(a) 1,2and 3 (b) 1,2and 4
(c) 1,.3and 4 (d) 2,3and 4
[ESE : 1997]
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7.6 Hot coffee in a cup is allowed to cool. Its cooling

5 4

rate is measured and found to be greater than
the value calculated by conduction, convection
and radiation measurement. The difference is
duelo
(@) properties of coffee changing with

temperature
(b) currents of air flow in the room
(c) underestimation of the emissivity of coffee
(d) evaporation

[ESE : 1997]

Consider the following phenomena:

1. Bailing 2. Free convection in air
3. Forced convection 4. Conduction in air
Their correct sequence in increasing order of heat
transfer coefficient is:

(@) 4.2 3.1 (b) 4,1,3,2
(c) 4,321 (d) 3,4,1,2
[ESE : 1997]

7.8 Consider the following statements:

1. Ifacondensing liquid does not wet a surface

then dropwise condensation will take place

on it.

7.9

2. Dropwise condensation gives a higher heal
transfer rate than filmwise condensation.

3. Reynolds number of condensing liquid is
based on its mass flow rate,

4. Suilable coating or vapour additive is used
to promote filmwise condensation.

Which of these statements is/are correct?

(a) 1and?2 (b) 2,3.and 4
(c) 4only (d) 1,2and 3
[ESE : 1998]

Saturated steam is allowed to condense over a

vertical flat surface and the condensate film flows

down the surface. The local heat transfer

coefficient for condensation

(a) remains constant at all locations of the surface

(b) decreases with increasing distance from the
top of the surface

(¢) increases with increasing thickness of
condensate film

(d) Increases wilth decreasing lemperature
differential between the surface and vapour.

[ESE : 1999]
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Mhlglndtﬁndcmuﬁon
71 (8 7.2 (b) 73 (b) 7.4 (a)

Boiling and Condensation
(a)

7.5

-ﬂ; = Tmm - Tuhrm

The nucleate boiling Is characterised by formation
of bubbles at the nucleation sites and resulling
liquid agitation and from the figure, it can be
estimated thal temperature in nucleate boiling is
less than film boiling. The nucleate boiling exists
up to AT, =~ 30°C while film boiling exist in the
range of 30°C to 150°C.

(b)

Dropwise condensation is difficult to maintain
during operation of device. So condenser design
s always based on film condensation (heat
transfler coefficient is smaller for film condensate).

7.3 [0

Horizontal position promotes dropwise
condensation and thickness of film formed is
less. That is the reason condenser tubes are
always kept horizontal,

Heat transfer coefficient will increases if velocity
of vapour stream increased as apart from latent
heat exchange, the sensible heat exchange will
be enhanced.

(b) 76 (d) 7.7 (a) 78 (d) 7.9

(b)

7.5 [0

Radiation will increase Q= A, surface convection
will increase Qe A, surface nucleate boiling will
increase as pocket will be the favourable sites
for onset of nucleation.

(d)

Hot coffee in a cup Is allowed to cool. While
measuring its cooling rate evaporation is considered
50 Its value is grealer than the value calculated by
conduction, convection and radiation.

(@

hbod’rn-g g hlnmeu convection = 'hrraa convection” hﬂr:rnnuv:rm

(d)
Dropwise condensation occurs on a non-wettable
cooling surface where the liquid condensate
drops do not spread. If the condensate tends (o
wel the surface and there by forms a liquid film,
then the condensation process is known as film
condensation,

In film condensation, the heat is transferred from
the vapour to the condensate formed on the
surface by convection and it is further transferred
from the condensate film to cooling surface by
the conduction this combined mode of heat
transfer by conduction and convection reduces
the rates of heal transfer considerably as
compared to dropwise condensation.

Reynolds number of the condensate film, based
on hydraulic diameter can be written as

7.6

Re = @=U[E]E= 4rm
u PJH D
Hence Reynolds number will depend on mass
flow rate.

7.9 [0
As the distance or thickness of condensate film
increases the heat transfer decreases which is
truly indicative of decrease in heat transfer
coefficient. This is the reason we promote

dropwise condensation.
EERE
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1.1

1.2

Which one of the following p- T diagrams illustrates
the Otto cycle of an ideal gas?

4

i~
/

i
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(@ L L
3

p

(b)

T

p!

e
L -

T

'
P

i
(@ | .

(ESE : 1996)

For maximum specific output of a constant volume

cycle (Otto cycle)

(a) the working fluid should be air

(b) the speed should be high

(C) suction temperalure should be high

(d) temperature of the working fluid at the end of
compression and expansion should be equal

[ESE : 1997]

1.3

14

Air Standard Cycle

Match List-l (Details of process of the cycle) with
List-ll (Name of the cycle) and select correct
answer using the codes given below the lists:

List-l

A. Two isothermals and two adiabatics
B. Twoisothermals and two constant volumes
C. Two adiabatics and two constant volumes
D. Two adiabatics and two conslant pressures
List-lI
1. Otto
2. Joule
3. Camot
4, Stirling
Codes:
A B C D
(a) + 3 1 2
® 4 3 2 1
fc) 3 4 1 2
(dy 3 4 ’ 1

[ESE : 1997]
Consider the following statements regarding Otto
cycle:
1. It1s not a reversible cycle

2. Its efficiency can be improved by using a
working fluid of higher value of ratio of specific
heals.

3. The practical way of increasing its efficiency
1S 0 increase the compression ratio

4. Carburetted gasoline engines working on Otto
cycle can work with compression ratios more
than 12

Which of these statements are correct?

(a) 1,3and 4 (b) 1,2and 3
(c) 1,2and 4 (d) 2,3and 4
[ESE : 1998]
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Air Standard Cycle

1.1 (@ 12 (d 13 () 14 (b

Air Standard Cycle
.2 [0

Specificwork = ¢ (T,~T,) - ¢, (T,- T.)
FOr maximum work output

4
[

Werax = Cv [Jﬂ = ﬁ]?
1.3 (O

(1) Ottocycle : Two adiabatic and two

constant volume

(2) Joule cycle Two adiabatic and two

constant pressure.

(3) Carnotcycle : Two adiabatic and lwo

iIsothermal

(4) Stirling cycle : Two isothermal and two

constant volume

Otto cycle is reversible cycle
n=1-— 1T

If better fuel is available then we can employ Otto
cycle for compression ratio more than 12,



2.1

2.2

A2

The two reference fuels used for cetane rating are
(a) cetane and iso-octane
(b) cetane and letraethyl lead
(c) cetane andn-heptane
(d) cetane and a-methyl naphthalene
[ESE : 1995]

Consider the following statements:
The injector nozzle of a Cl engine is required to
inject fuel at a sufficiently high pressure in order
1o
1. be able to inject fuel in a chamber of high
pressure at the end of the compression stroke.
2. inject fuel at high velocity to facilities
alomization.
3. ensure that penetration is not high
Which of these statements are correct?
(a)1and 2 (b) 1and 3
(c)2and 3 (d)1,2and 3
[ESE : 1996]

Direction: Each of the next questions consists of two
statements, one labelled as the ‘Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two slatements carefully and select the answers to these
items using the codes given below:

2.3

Codes:

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Ais false but R is true

Assertion (A): In Sl engine, as the engine speed
increases, spark is required to be advanced.
Reason (R): As the engine speed increases,
flame velocity Increases

[ESE : 1996]

Fuel

Characteristics

2.4 Which one of the following figures correctly

represents the variation of thermal efficiency
(y-axis) with mixture strength (x-axis)?

i
Lean ,
~ Rich
E...‘Smn:hmmc
(a) E Mixture
I
&
Leah ——__ Rich
(b) ¢ Stoichiometric
' Mixture
i
Lean ' Rich
(c) /\ |
| «— Stoichiometric
Muodure
1
Pl B
(d) .:" Stoichiometnic
' Mixture
|' .

[ESE : 1997]
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Carburation and Diesel Injection
21 (d 22 (b) 23 (b) 24 (c)

Carburation and Diesel Injection
21 1 24 [0

The cetane number of a fuel is the percentage As the mixture 1s made leaner the temperature
by volume of cetane in a mixture of cetane and rise due to combustion will be lowered as a result

and e-methyl napthalene. (Cetane and a-methyl
naphalene are reterence fuel in cetane number
measurements. )

b)
Fuel is injected at high pressure, not high velocity
to facilitate atomization.

of reduced energy input per unit mass of mixture.
This will result in lower specific heat. Further it
will lower the losses due 1o dissociation and
variation in specific heat, The efficiency is
therefore, higher.

Stoichiometric

mixture

- Air standard
theory

/\.:\F uel-air theory

i *~ Actual variation
Lean =— | —= Rich
Mixture strength (f)

i

-
aSenans o il

Thermnal
efficiency (n,)




Combustion and Knocking

in Sl and Cl Engine

3.1

3.2

3.3

Match List-l (Operating mode of Sl engine) with
List-1l (Appropriate Air-fuel Ratio) and select the
correct answer using the codes given by below
the lisls:

List-| List-1l
A. Idling 1. 125
B. Coldstarting 2. 90
C. Cruising 3. 160
D. Maximum power 4, 220
5. 30
Codes:
A B C D
(a) Z -l ) 1
(b) 1 3 4 2
() 5 2 1 3
d 2 5 3 1 [ESE : 1995]

A gas engine has swept volume of 300 cc and
clearance volume of 25 cc. Its volumetric
efficiency is 0.88 and mechanical efficiency is
0.90. The volume of the mixture laken in per
stroke is

(a) 248cc
(c) 264cc

(b) 252cc
(d) 286cc [ESE: 1995]

Match List-1 with List-ll, in respect of S| engine
and seleclt the correct answer by using the codes
given below the lists:

List-l

Highest useful compression ratio

Dopes

Limiting mixture strength

Delay perod

List-ll

Ignitable mixture

Knock rating of fuels

Detonation

Chain of chemical reactions in combustion
chamber

oo w>

o 10 e

3.4

3.5

3.6

Codes:
A B C D
@ 2 3 1 4
(b) 3 2 1 4
c) 2 3 4 1
d 3 4 2 1 [ESE : 1995]

By higher octane number of SI fuel, it is meant
that the fuel has

(a) higher heating value

(b) higher flash point

(c) lower volatility

(d) Longer ignition delay [ESE : 1995]

Which of the following factors would increase the
probability of knock in the Cl engines?

1. Long ignition delay of fuel,

2. Lowselfignition temperature of fuel.

3. Lowvolatility of fuel

Select the correct answer using the codes given
pelow:

Codes:
(@) 1,2and 3 (b) 1and 2
(c) 1and3 (d) 2and 3
[ESE : 1995]

The curve shown in the given figure is characleristic
of diesel engines.

o oy X
What does the Y-axis represent?
(a) Efficiency

(b) Specific fuel consumption
(c) Air-fuel ratio

(d) Total fuel consumption [ESE : 1995]
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3.7 Match List-l (S| engine operating mode) and
List-ll (Desired air-fuel ratio) and select the correct
answer using the codes given below the Isits:

List-l List-1I
A. Idling 1. 130
B. Cold starting 2. 40
C. Cruising 3. 16.0
D. Fullthrottle 4, 90
Codes:

A B C D
@ 4 3 2 1
b)) 2 4 1 3
c) 4 2 1 3
d 4 2 3 1 [ESE : 1996]

3.8 List-l gives the dilferent terms related to

combustion while List-1l gives the outcome of the
events that follow.

Match List-l with List-ll and select the correct
answer using the codes given below the lists:

List-| List-Il
A, Association 1. Pseudo knock
B. Dissociation 2. Knock
C. Flame front 3. Endothermic
D. Abnormal 4. Exothermic
combustion
Codes:
A B C D
(@ 3 4 1 2
(b) 4 3 1 2
) 3 4 2 1
(d 4 3 2 1 [ESE : 1996]

3.9 Consider the following statements:
Knock in the Sl engine can be reduced by
1. Supercharging.
2. Retarding the spark.
3. Using a fuel of long straight chain structure.
4. Increasing the engine speed.
Which of these statement are correct?
(@ 1,and?2 (b) 2and 3
(c) 1,3and 4 (d) 2and 4
[ESE : 1996]

Direction: Each of the next questions consists of two
statements, one labelled as the ‘Assertion (A)' and
the other as '‘Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:

Solved Papers

Codes:

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
nol the correct explanation of A

(c) Aistrue but R is false

(d) Aisfalse but R is true

3.10 Assertion (A): A very high compression ratio is
favoured for a Cl engine, in order to attain high
mechanical efficiency without knocking.

Reason (R): The delay period in Cl combustion
affects rate of pressure rise and hence knocking.
[ESE : 1996]

3.11 Assertion (A): Pre-chamber diesel engines use
higher injection pressures when compared to open

combustion chamber engines.
Reason (R): Pre-chamber engines have higher
COMPression pressures. [ESE : 1997]

3.12 If methane undergoes combustion with the
stoichiometric quantity of air, the air-fuel ratio on
molar basis would be:
(@) 15.22:1
(c) 1456:1

(b) 12.30:1
(d) 9.52: 1
[ESE : 1997

3.13 Consider the following statements:
Detonation in the Sl engine can be suppressed by
1. Retarding the spark timing.
2. Increasing the engine speed.
3. Using 10% nch mixture.
Which of these statements are correct?
(a) 1and 3 (b) 2and 3
(c) 1,2and 3 (d) 1and?2
[ESE : 1997]

3.14 Which of the following are the assumptions
involved in the auto-ignition theory put forth for
the onset of knock in Sl engines?

1. Flame velocity is normal before the onset of
autoignition.

2. A number of end-gas elements autoignite
simultaneously.

3. Preflame reactions are responsible for
preparing the end-gas to ignite.

Selecl the correct answer using the codes given

below:
(a) 1and?2 (b) 1and 3
(c) 2and 3 (d) 1,2and 3

[ESE : 1998]
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3.15 Hypothetical pressure diagram for a compression
ignition engine is shown in the given figure. The
diesel knock is generated during the period

(a) AB
(c) CD

(b) BC
(d) after D
[ESE : 1998]

3.16 Divided chamber diesel engines use lower
injection pressures compared to open chamber
engines because
(a) Pintle nozzles cannot withstand high injection
pressures

(b) High air swirl does not require high injection
pressures for atomization

(c) High injection pressures may cause over-
penetration

(d) High injection pressure causes leakage of the
fuel at the pintle [ESE : 1999]

3.17 Velocity of flame propagation in the Sl engine is
maximum for a fuel-air mixture which is
(a) 10% richer than stoichiometric
(b) Equal to stoichiometric
(c) More than 10% richer than stoichiometric
(d) 10% leaner than stoichiometric
[ESE : 1999]

3.18 The amount of CO, produced by 1 kg of carbon

on complete combustion is
3 3
—k —K

@ 17k (b) Sk

11
© 7Kg @ Lk [ESE: 1999]

3.19 Methane burns with stoichiometric quantity of air.
The air-fuel ratio by weight is
(a) 4 (b) 14.7
(c) 15 (d) 17.16 [ESE: 1999]

3.20 Match List-l (Air-fuel ratio by mass) with List-1I
(Engine operation mode) and select the correct
answer using the codes given below the lists:

List-l List-11
A 10:1 1. Clengine part load
B. 16:1 2. Slengine part load
C. 301 3. Slengineidling
D. 125:1 4. Clengine full load
5. Sl engine full load
Codes:
A B C D
@ 8 2 1 5
(b 4 2 1 5
© 3 1 2 4
d 4 1 2 3 [ESE : 2000]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true

3.21 Assertion (A): The Cl engine is basically more
suitable for supercharging than the Sl engine.
Reason (R): In the CI engine super-charging
tends to prevent diesel knocking.

[ESE : 2000]
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31 () 32 () 33 (a 34 (d 35 (0 36 (d 37 (d 38 (b 39 (d
310 (b) 311 (d) 3.12(d) 3.13(c) 3.14 (d) 3.156 (b) 3.16 (b) 3.17 (a) 3.18 (d)
3.19 (d) 3.20 (a) 3.21 (a)

XTI combustion and Knocking in SI and Cl Engine
51 1)

3.3

Cold starting requires the richest rich air fuel ratio
than other requirement because the speed as well
as engine temperature is low and hence in cold
starting air fuel ratio of 3 : 1 is used

In Idling condition, the air supply is restricted
by nearly closed throttle and suction pressure is
low. The condition of low pressure lines gives rise
to backflow of exhaust gases so dilution of fresh
charge takes place hence richening of mixture is
done. Hence in idling air fuel ratio of 9 is used.
In cruising economy is the criteria so lean mixture
1S used.

For maximum power rich mixture is provided to
meet the power requirement and also rich mixture
prevents overheating of the exhaust valve,

c)
B Actual volume of air sucked
" = Theorctical volume of air sucked
V.
0.88 = ;—f-; V, .0 = 264 CC
(a)

Highest Useful Compression Ratio (HUCR) for
Sl engine fuel is limited to knocking tendency of
fuel as it is used as one of the methods for knock
rating of fuel.

LDopes are chemical additive which are used 1o
improve combustion performance of fuel.
Limiting mixture strength is the range for
ignitable mixture. The ignition limits are wider at
increased temperature because of higher rates
of reaction and high thermal diffusivity coefficient
of mixture.

Delay period is related with detonation in Cl
engine. Higher the delay period more is the
tendency of knocking in Cl engine.

3.4 (O}

Higher Octane is related only to longer ignition
delay which prevent knocking. High Octane fue!
itself don't increases power or enhances other
property of fuel

35 [

In Cl engine long ignition delay leads to
knocking.

36 (G

Graph shown is for Willan’s line method

3

L

s

Engine Power
This graph is extrapolated to gel Friction power.

3.7 J&

Cold starting requires the richest rich air fuel ratio
than other requirement because the speed as well
as engine temperature is low and hence in cold
starting air fuel ratio of 3 : 1is used.

In Idling condition, the air supply is restricted by
nearly closed throttle and suction pressure is low.
The condition of low pressure lines gives rise to
backflow of exhaust gases so dilution of fresh
charge takes place hence richening of mixture is
done. Hence in idling air fuel ratio of 12.5 is used.
In cruising economy is the criteria so lean mixture
IS used.

For maximum power rich mixture is provided
lo meet the power requirement and also rich
mixture prevents overheating of the exhaust
valve.
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b)

Abnormal combustion leads to knock. In
association heat is liberated hence it is exothermic
reaction and in dissociation, heat 1s absorbed
hence it is endothermic reaction.

@

Supercharging increases the knocking tendency
as temperature of charge increased beyond
ignition temperature. Long chain fuel structure
have high tendency to knock in Sl engine.
Increase in engine speed increases flame travel
speed so knocking reduces and retarding of
spark also reduces knocking.

®

Cl engine operate at compression ratio which are
considerably higher than those used by SI
engines. High compression ratios of Cl engines
are necessary in order to compress the air to the
point producing a temperature necessary 1o
promote satisfactory combustion. This air
temperature of course, must be higher than the
ignition temperature of the fuel used. An increase
in compression ratio increases the thermal
efficiency of the engine, and for given
compression ratio the Cl engine cycle is less
efficient than the Sl engine cycle.

@

The rate of pressure rise and the maximum
pressure is lower in pre combustion chamber
compared to those of open type of chamber.

EXEN (<)

CH, + 20, - CO, + 2H,0

2 Volume of O, is present in JoRe

= 9.352 by Volume of air

©

When spark is advanced the burning gas is
compressed by rising piston and therefore the
temperature is increased and this increases the
knocking tendency. Hence spark must be
retarded to reduce knocking.

Increase in engine speed, increases turbulence
and hence flame velocity increases. Therefore
knocking tendency decreases

When the mixture is nearly 10% richer than
stoichiometric then flarne speed is maximum hence
end charge is consumed before its delay period.

Divided combustion chamber has strong swirl
generaled with speed. The strong swirl enable
single hole nozzle generally pintie type.

®

Velocity of flame propagation is maximum when
mixture strength is 110% of stoichiometric.

(d)
C+0,» CO,
12 32 44
32 11
12 3

12 kg carbon reacts with 32 kg to give 44kg of
CO,. Hence 1 kg of Carbon produces 11/3 kg of
CO,.

(A
CH, + 20, = CO, + 2H,0
16 64

64 1
AJF ratio by weight is e = 17.39

16 23

Under idling condition the pressure at intake
manifold is less due to restriction to air-flow. When
intake valve opens, the pressure differential
between combustion chamber and intake manitold
results in initial backward flow of exhaust gases
as a result of this, the mixture of fuel-air ratio in
combustion chamber is diluted. This results in poor
combustion and hence rich mixture is required.
The general air-fuel ratio is 9-10.

Cl engine are most suitable for supercharging
as It would increase the air density as well as
lemperature of intake air which reduces the delay
period and permits more fuel to be injected.



Fuels and Emission,

Flue Gas Analysis

4.1

4.2

4.3

4.4

4.5

In the Orsat flue gas analyzer, ammonical cuprous
chloride is used to absorb

(a) CO, (b) CO

(c) O, (d) N, [ESE : 1995]

Dry flue gases with a composition of CO, = 10.4%,
O, = 9.6% and N, = 80%, indicate that

(a) excess air is used

(b) air is insufficient

(c) hydrogen is not present in the coal

(d) air is just sufficient [ESE : 1995]

Consider the following statements regarding n-

cetane:

1. It is standard fuel used for knock rating of
diesel engines.

2. lts chemical name is n-hexadecane.,

3. Itis asaturated hydrocarbon of paraffin senes.

4. It has long carbon chain structure.

Which of these statements are correct?

(@ 1,3and4 (b) 1,2and 3
(c) 1,2and 4 (d) 2, 3and 4
[ESE : 1996]

Which of the following factors are responsible for
formation of No, in spark ignition engine
combustion;
1. Incomplete combustion
2. High temperature
3. Availability of oxygen
(@) 2and 3 (b) 1and 2
(c) 1and 3 d) 1,2and 3
[ESE : 1996]

Match List-l (Items) with List-1l (Pertain to gas
analysis) and select the correct answer using the
codes given below the lists:

List-l

CO,

Orsat apparatus

CO

O,

oo w>»

4.6

4.7

4.8

4.9

List-1|
1. Alkaline pyrogaliol
2. KOH solution
3. Wet analysis
4. Ammoniacal cuprous chioride
5. Dry analysis
Codes:

A B C D
@ 2 3 1 4
k) 1 3 2 4
{Clumd G i 2
(d) Z0GEN 1

[ESE : 1996]

When solid fuels are burned, the nitrogen content
of the flue gas by volume is about
(a) 60% (b) 70%
(c) 80% (d) 90%
[ESE : 1996]

In a Sl engine, which one of the following is the
correct order of the fuels with increasing
detonation tendency?
(a) Paraffins, Olefins, Naphthalenes, Aromatics
(b) Aromatics, Naphthalenes, Paralffins, Olefins
(c) Naphthalenes, Olefins, Aromatics, Paraffins
(d) Aromatics, Naphthalenes, Olefins, Paraffins
[ESE : 1997]

The presence of nitrogen in the products of
combustion ensures that :
(a) complete combustion of fuel takes place
(b) incomplete combustion of fuel occurs
(c) dry products of combustion are analyzed
(d) air is used for the combustion

[ESE : 1997]

The graph shown in the given figure represents
the emission of a pollutant from an S| engine for
different fuel/air ratios. The pollutant in question is
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Volume (Percant)

08 05 w0 11 12
Equivalenca ratio, ¢

(@) CO (b) CO,
(c) HC (d) NO,
[ESE : 1998]

4.10 Consider the following statements

The difference between higher and lower heating

values of the fuels is due to

1. Heat carried by steam from the moisture
content of fuel.

2. Sensible heat carried away by the fuel gases.

3. Heat carried away by steam from the

combustion of hydrogen in the fuel
4. Heat lost by radiation.
Which of these statements is/are correct?
(@) 2,3and 4 (b) 1and 2
(c) 3only (d) 1,2,3and 4
[ESE : 1998]

4.11 Match List-l (Gadgets undergoing a thermo-

dynamic process) with List-ll (Property of the
system that remains constant) and select the
correct answer using the codes given below the
lists:

List-l
A. Bomb calorimeter
B. Exhaust gas calorimeter
C. Junker gas calorimeter
D. Throttling calorimeter

List-ll
1. Pressure
2. Enthalpy
3. Volume
4. Specific heats
Codes:

A B C D

@ 3 4 1 2
b) 2 4 1 3
) 3 1 4 2
d 4 3 2 1 [ESE : 1998]

4.12 Consider the following emission of an IC Engine:

(1) CO (2) HC

(3) NO, (4) Parliculates

Which of the following causes photo chemical
smog?

(@) 1,2and 3 (b) 1and 2

(c) 2and 3 (d) 3and 4

[ESE : 1999]

4,13 Assertion (A): In a three-way catalytic converter
for emission control in Sl Engines, conversion of
NO, has to precede the oxidation of HC and CO.
Reason (R): A reducing atmosphere is essential
for the conversion of NO.,.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Alistrue butRis false

(d) Als false but R is true [ESE : 1999]

4.14 Which one of the following gaseous fuels does
not have different higher and lower calorific values?
(a) Methane (b) Ethane
(c) Carbonmonoxide (d) Hydrogen
[ESE : 1999]

4.15 Consider the following statements:

1. Octane rating of gasoline is based on iso-
octane and n-heptane fuels which are
paraffins.

2. Tetraethyl lead is added to gasoline to
increases octane number.

3. Ethylene dibromide is added as scavenging
agent to remove lead deposits on spark
plugs.

4. Surface ignition need not necessarily cause
knocking.

Which of these statements are correct?

(a) 1,2,3and 4 (b) 2, 3and 4

(c) 1and 4 (d) 1,2and 3

[ESE : 2000]

4.16 Consider the following statements :
1. Recycling exhaust gases with intake
increases emission of oxides of nitrogen from
the engine.
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4.17 Assertion (A): Catalytic converters for reduction
of oxides of nitrogen in engine exhaust cannot be
used with leaded fuels.

Reason (R): Catalyst will be removed due to
chemical corrosion by lead salls.
(a) Both A and R are individually true and R is

2. When the carburettor throttle is suddenly
opened , the fuel air mixture leans out
temporarily causing engine stall.

3. Theeffect of increase in altitude on carburettor
is to enrich the entire part-throttle operation.

4. Use of multiple venturi system makes it
possible to obtain a high velocity air stream the correct explanation of A
when the fuel is introduced at the main venturi (b) Both A and R are individually true but R is
throat. not the correct explanation of A

Which of these statements are correct? (c) Aistrue but R is false

(@) 1and3 (b) 1and 2 (d) A is false but R is true

(c) 2and 3 (d) 2and 4

[ESE : 2000]

[ESE : 2000]

Fuels and Emission, Flue Gas Analysis
41 (b) 42 (a 43 (b) 44 (a) 45 (d 46 (¢
410 (c) 411 (a) 412 () 413 (b) 4.14 (c) 4.15 (a)

Fuels and Emission, Flue Gas Analysis
o 8

The reagents normally used in orsat analyzer are
a KOH solution to absorb the CO, gas, pyrogallol
solution to absorb the O, gas and a cuprous
chloride mixture (CuCl,) to absorb CO gas.

47 (d 48 (d 49 (d)
4,16 [c) 4.17 (a)

used as a standard fuel for knock rating of diesel
engine fuel.

4.5 [C)

The reagents normally used in orsat analyzer are
a KOH solution to absorb the CO, gas, pyrogaliol

4.2 (€] solution to absorb the O, gas and a cuprous

Presence of CO, in the flue gases shows thal
combustion is complete and if excess air is used
some amount of air will not take part in
combustion and come-out as it is

43 [0

Chemical formula of cetane is C jH,,. Itis also

know as hexadecane. It follow C H, ., whichisa

saturated hydrocarbon of paraffin series. It is

chloride mixture (CuCl,) to absorb CO gas.
Orsat apparatus Is used for volumetric analysis
of dry product,

4.6 [0

l.et us consider a coal having the following
ultimate analysis:

C = 60%

H=4%
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S = 3.2%, 0 =48%, N =2% m
Others = 26% Throttling calorimeter: It utilizes the principle
Then the exhaust gas has the [ollowing volumetric of constant enthalpy expansion for the
analysis: measurement of moisture content of steam.
CO, + SO, = 12% Exhaust gas calorimeter: It determines heat
CO = 2% content of exhaust gas.
. = 412 [
2™ BEW The combination of HC and NO, in the presence
4.7 [ of sunlight and certain atmospheric conditions

. roduce photochemical smoaq.
Clustered structure do not oxidize easily so do P P g

not knock readily. Hydrocarbon of extended chain (a)

oxidise readily so knock tendency more. Ethylene dibromide added with tetraethyl lead to
. form volatile lead bromide compound after
4.8 Q) combustion has taken place and avoid lead
Nitrogen does not take part in combustion and deposit so they are also called Scavengers.
comes out as it is hence nitrogen in the exhaust The surface ignition may or may not cause
shows air Is used for combustion. knocking.

(c)

Exhaust gas recirculation reduces the peak
lemperature so it reduces the NO, formation.

At higher altitudes the density of air decreases
and hence rich mixture is supplied at higher
allitudes.

@
Due to leaded fuel it erodes the catalyst rhodium
Alr-fuel ratio Rh of catalytic converter.
(c)
| | . aEEN
Difference in the higher and lower calorific value
s the latent heat of the moisture not the sensible
heat




5.1

5.2

5.3

5.4

Testing and Performance

Keeping other parameters constant, the brake
power of diesel engine can be increased by
(&) decreasing the density of intake air
(b) increasing the temperature of intake air
(c) increasing the pressure of intake air
(d) decreasing the pressure of intake air
[ESE : 1995]

The method of determination of indicated power

of multicylinder Sl engine is by the use of

(a) Morse test (b) Prony brake test

(c) Motoring test (d) Heatbalance test
[ESE : 1995]

The correct sequence of the decreasing order of
brake thermal efficiency of the three given basic
type of IC Engines is
(a) 4 stroke Clengine, 4 stroke Sl engine, 2 stroke
Slengine
(b) 4stroke Slengine, 4 stroke Clenging, 2 siroke
Sl engine
(c) 4 stroke Clengine, 4 stroke Sl engine, 4 stroke
Sl engine
(d) 2stroke Slengine, 2 stroke Sl engine, 4 stroke
Clengine
[ESE : 1995]

Which one of the following engines will have

heavier flywheel than the remaining ones?

(a) 40 H.P. four-stroke petrol engine running at
1500 rpm.

(b) 40 H.P. two-stroke petrol engine running at
1500 rpm.

(c) 40 H.P. two-stroke diesel engine running at
750 rpm

(d) 40 H.P. four-stroke diesel engine running at
750 rpm

[ESE : 1996]

5.5

5.6

5.7

of ICEngine

In the context of performance evaluation of IC
Engine, match List-l (Parameter) with List-ll
(Equipment for measurement) and select the
correct answer using the codes below the lists:
List-|

Brake power (B.H.P.)

Engine speed

Calorific value of fuel

Exhaust emissions

List-II

Bomb calonmeter
Electrical techometer
Hydraulic dynamometer
Flame ionization detector
odes:

cow»

Qrwm =

(a)
(D)
()
(d)

B = 2O
- 5w A D

(e T S-S % T -
W NN =

[ESE : 1996]

A two-stroke engine has a speed of 750 rpm. A

tour-stroke engine having an identical cylinder size

runs at 1500 rpm. The theoretical output of the

two-stroke engine will

(a) be twice that of the four-stroke engine

(b) be half that of the four-stroke engine

(c) bethe same as that of the four-stroke engine

(d) depend upon whether it is a Cl or Sl engine
[ESE : 1997]

For same power output and same compression
ratio, as compared to two-stroke engines, four-
stroke Sl engine have:
(a) higher fuel consumption
(b) lower thermal efficiency
(c) higher exhaust temperatures
(d) Higher thermal efficiency
[ESE : 1997]
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5.8 Match List-| (Performance parameters of an IC
Engine) with List-ll (Performance curves) and
select the correct answer using the codes given
below the lists:

List-|

Indicated power

Volumetric efficiency

Brake power

Specific fuel consumption

List-1l

cow®»

Speed (pm)
Codes:
A B C @
(a 1 3 2 BB
(b) 1 3 2 4
c) 1 2 3 5
d 2 1 4 3 [ESE : 1997]

5.9 Consider the following statements:

1. Volumetric efficiency of diesel engines is
higher than that of Sl engines.

2. When a Sl engine is throttled: its mechanical
efficiency decreases.

3. Specific fuel consumplion increases as the
power capacity of the engine increases.

4. Inspite of higher compression ratios, the
exhaust temperature in diesel engines is
much lower than that Sl engines.

Which of these statements are correct?

(@ 1,2, 3and 4 (b) 1,2and 3
(c) 3and 4 (d) 1,2and 4
[ESE : 1997]

Direction: Each of the next questions consists of two
statements, one labelled as the ‘Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:

IR0 Testing and Performance of IC Engine

5.1 (c) 6.2 (a)
5.10 (c) 5.11 (d)

63 (A 54 (d 55
512 (a) 5.13 (b)

Codes:

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
nol the correct explanation of A

(c) Aistrue butR is false

(d) Ais false but R is true

5.10 Assertion (A): In practice, the efficiency of diesel
engines is higher than that of petrol engines.
Reason (R): For the same compression ratio, the
efficiency of diesel cycle is higher than that of
Otto cycle. [ESE : 1997]

5.11 Assertion (A): Specific output of a diesel engine
is higher than that of the Sl engine.
Reason (R): Diesel engine is built stronger and
heaviar with higher compression ratio.
[ESE : 1998]

5.12 Assertion (A): Cooling system in a IC Engine must
be such that there is no excessive cooling.
Reason (R): Overcooling would result in increased
viscosity of the lubricant due to which the overall
efficiency of the engine will decrease.

[ESE : 1998]

5.13 In a variable speed S| Engine, the maximum
lorque occurs at the maximum
(a) Speed (b) Brake power
(c) Indicated power

(d) Volumetric efficiency [ESE : 1999]

5.14 In a Morse test for a 2-cylinder, 2-stroke, spark
ignition engine, the brake power was 9 kW whereas
the brake power of individual cylinders with spark
cut-off were 4.25 kW and 3.75 kW respectively.
The mechanical efficiency of the engine is
(a) 90% (b) B0%

(c) 45.5% (d) 525% [ESE: 1999]

5.15 For the same maximum pressure and heat inpult,
the most efficient cycle is
(a) Ottocycle (b) Diesel cycle
(c) Braytoncycle (d) Dual combustion cycle
[ESE : 2000]

96 (c) 57 (d 58 (a 59 (d)

5.14 (a) 5.15 (b)
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Testing and Performance of IC Engine
5.1 (3 (d)

Brake power of diesel engine can be increased mh,

by supplying air at higher pressure, this pressure BSFC = BP

DGDEUHQ gdevice IS known as EUDEI"EHEI'QEI’ As the power Eapa{;it}r increases, specific fuel

consumption decreases.

Morse test is used for determining indicated
power of multi-cylinder engine from which frictional
power can be calculated

d)

In two stroke engines, lurning moment is more

The thermal efficiency of the Cl engine is higher
than that of the S| engine because of the higher
compression ratio. The losses to the exhaust are
therefore lower resulting in lower exhaust
lemperatures.

The excess air in the Cl engine further reduces
the exhaus! temperatures,

uniform as compared to four stroke engine hence .
lighter flywheel is required in two stroke as (“)

compared is four stroke engine. For same compression ratio otto cycle is more

_ efficient and produces more work than diesel
5.6 ()] cycle.

jp= fatAl 511 [0

o Because of higher compression ratio and the
For 2 stroke: n= N= 750 rpm higher pressure involved, Cl engines require

stronger engine and are inherantly heavier
5.18
IP, = IP, 513 6
2 NT
5.7 |G Brake power = Eﬁﬂ

High fuel consumption, low thermal efficiency and
high exhaust temperatures will be associated with
two stroke engine.

four stroke engine will have high thermal efficiency =
because mass flow rate of fuel required will be o

less as comparison to two stroke engine for same P4 =(8F )y + FP

DOWEr. (1P)1q= {Ep}ncf-lndﬂf -(BPF), |

=9-4.25=475kW
(1P, ;=9 - 3.75 = 5.25 KW
Total 7P=4.75 + 5.25 = 10 kW

where, N = Speed in rpm; T = Torque

(a)

Torque
e BP o9
g | B " TW=7p = 100 = 90%
i s e
0

Specific Fual Consuption
Speed. rev./mn
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Heat Pump and

Refrigeration Systems

1.1

1.2

A condenser of a refrigeration system rejects heat
al rate of 120 kW, while its compressor consumes
a power of 30 kW. The coefficient of performance
of the system would be

(a) 1/4 (b) 1/3

(c) 3 (d) 4 [ESE : 1995]

In aircraft, air refrigeration cycle is used
because of
(@) low unit weight per tonne of refrigeration
(o) high heat transfer rate
(c) lower temperature at high-altitudes
(d) higher coefficient of performance
[ESE : 1995]

1.3 Assertion (A): Heat pump used for heating is a

1.4

1.1

definite advancement over the simple eleclric

heater.

Reason (R): The heat pump is far more

economical in operation than electric heater.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Ais false butRis true [ESE : 1995]

Hydrogen is essential in an Electrolux refrigeration

system, because

(@) it acts as a catalyst in the evaporator

(b) thereaction between hydrogen and ammaonia
IS endothermic in evaporator and exothermic
in absorber

(c) the cooled hydrogen leaving the heat
exchanger cools the refrigerant entering the
evaporator

(d) it helps in maintaining a low partial pressure
for the evaporating ammonia

[ESE : 1997]

Heat Pump and Refrigeration Systems

c) 12 (8 13 (a 14 (d 1.5

1.5

1.6

1.7

1.8

1.9

Consider the following statements:
In the thermoelectric refrigeration, the coefficient
of performance is a function of:
1. Electrical conductivity of materials.
2. Peltier coefficient.
3. Seebeck coefficient
4, Temperalure at cold and hot junctions.
5. Thermal conductivity of materials
Which of these statements are correct?
(@) 1,3,4and5 (b) 1,2, 3and 5
(c) 1.2, 4and5 (d) 2,3, 4and b
[ESE : 1997]

A refrigerating machine working on reversed
Carnot cycle takes out 2 kW per minute of heal
from the system while between temperature limits
of 300 K and 200 K. COP and power consumed
by the cycle will be respectively:

(a) 1and 1 kW (b) 1and 2 kW
(c) 2and 1 kW (d) 2and 2 kW
[ESE : 1997]

A heal pump operating on Carnot cycle pumps
heat from a reservoir at 300 K to a reservoir at
600 K. The coefficient of performance is

(@ 1.5 (b) 05
(c) 2 (d) 1 [ESE : 1999]
One ton refrigeration is equivalent to
(a) 3.5kW (b) 50 kJ/s
(c) 1000 J/min (d) 1000 kJ/min
[ESE : 1999]

The COP of a heat pump B, and the COP of a
refrigerator 3, are related as

(@ Ppg + Brei =1 (D) Bry— Brer =1
(©) Pror— Bhn =1 (d) Bhp —PBrer =0
[ESE : 2000]
ERER
16 (¢ 1.7 (¢ 1.8 (@ 19 (b
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Heat Pump and Refrigeration Systems

1.1 {8 T,
1.1 (O .

(Given data :
Q, = 120 kW ' Q,
W= 30 kW
(R)y~—w
also W=Q,-Q, o,
. 0=120-Q,
or @, =120-30 =90 kW T

_ Cooling capacity () _ 90 _
(COP), Power intput (P) 30 =2

- (a)

In aircraft, air refrigeration cycle is used because
of low unit weight per tonne of refrigeration.

1.3 [0

At steady state, the electrical energy Wsupplied
to an electrical heater is dissipated as heat 1o
the space but when supplied to a heat pump
dissipates Q, which is greater than W

1.4 (&)

The three fluids used in this system are ammonia,
hydrogen and water. The ammonia is used as a
refrigerant.

The water is used as a solvent because it has
the ability to absorb ammonia readily.

Due to the presence of H, in the low side of the
system, the pressure of NH, will be below that of
NH, on the condenser side. Thus, the NH, can
evaporate at low pressure (temperature) which
H, takes no part in the process excepl to supply
its partial pressure to maintain the balance.

1.6 (O

Given data: T,
Q, = 2 kW
T, = 300K L4
T, = 200K ‘
CoP = —2 ®-w
h-T,
200 1%
2

~ 300-200 T

@
| = —=
also COP W
2
2= W
2
or W=5=1kWpernﬂnute
17 8
Given data: S0K
T, = 300K
T, = 600K Qr
(COP)p = — o
h-T, Q,
600 _, |
~ 800-300 300K

A ton of refrigeration (1 TR) is defined as the
amount of heat, which is to be extracted from
one tonne of water at 0°C in order to convert into
ice at 0°C in 24 hours (1 day).

1TR =210 kJ/min = 3.5 kW

1.9 [Q)

Let Q, = heat extracting from cold body
Q, = heat delivering to hot body

>, T,
(COP), = —%2__ Q
IE:JI = DE
w
Q
o T '
(COP), o 0-0, o
*. (COP),o = (COP), = 1 T
EEER



2.1

2.2

2.3

A2

Waste heat can be effectively used in which one
of the following refrigeration system?
(@) Vapour compression cycle
(b) Vapour absorption cycle
(c) Airreirigeration cycle
(d) Vortex refrigeration system
[ESE : 1995]

Match List-l (Refrigerant) with List-1l (Principal
application) and select the correct answer using
the codes given below the lists:

List-|

Alr

Ammonia

Carbon dioxide

R-11

List-ll

Direct contact freezing of food

Centrifugal compressor system

Large industrial temperature installation
Automotive air-conditioners

. Aircraft refrigeration

Codes:

oo w>

N ohwN

(@)
(b)
()
(@)

NN D

C
1
1
3
2

N W
W &~ W A D

[ESE : 1995]

Match List-l (Basic components of Aqua ammonia
refrigeration system) with List-ll (Functions of the
components in the system) and select the correct
answer using the code given below the lists;
List-|

Generator

Analyzers

Rectifier

Receiver

g

2.4

25

Ideal, Vapour, Air Refrigeration

Cycle and Refrigerants

List-I|

Dehydration

Removal of vapour from strong agua

ammaonia solution

3. Producing dry ammonia vapour by removing

traces of water particles completely

Storage of high pressure liquid ammonia

5. Formation of liquid ammonia from high
Pressure vapours

[ % "

-

Codes:
A B C D
a) 3 1 2 5
(b) b 3 4 2
(c) 1 3 2 5
d 2 1 3 4 [ESE : 1995]

Consider the following statements !
A decrease in evaporator temperature of a vapour
compression machine leads to
1.. anincrease in refrigerating effect
2. an increase in specific volume of vapour
3. a decrease in volumetric efficiency of
COMmpressor.
4. anincrease In compressor work.
Which of these statements are correct?
(a) 1,3and 4 (b) 1,2and 3
(c) 2 3and4 (d) 2and 4
[ESE : 1995]

Assertion (A): In vapour compression
refrigeration system throttle vaive is used and not
expansion cylinder.
Reason (R): Throttling is a constant enthalpy
Process.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false

(d) Ais false but R is true [ESE : 1995]
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2.6

2.7

2.8

2.9

Consider the following statements:

1. Practically all common reirigerants have
approximately the same COP and power
requirement.

2. Ammonia mixes freely with lubricating oil and
this helps lubrication of compressors.

3. Dielectric strength of refrigerants is an
important property in hermetically sealed
compressor units.

4. Leakage of ammonia can be detected by
halide torch method.

Which of these statements are correct?

(@ 1,2and4 (b) 2and 4

(c) 1,.3and4 (d) 1and 3

[ESE : 1996]

In a vapour compression refrigeration system,
throttle valve is used in place of an expander
because
(a) it considerably reduces the system weight
(b) it improves the COP, as the condenser is
small
(c) the positive work in isentropic expansion of
liquid is very small
(d) it leads to significant cost reduction
[ESE : 1996]

The refrigerant used for absorption refrigerators
working heat from solar collectors is mixture of
water and
(a) Carbondioxide (b) Sulphurdioxide
(c) Lithiumbromide (d) Freon12

[ESE : 1996]

Match List-l with those in List-ll and List-Ill and
select the correct answer using the code given
below the lists:

List-l
A. Reversed Carnot engine
B. Subcooling
C. Superheating
D. Constant enthalpy

List-ll

Condenser
Evaporator
Vortex refrigerator
Throttling

Heat pump

L b

List-1ll
6. Generator
7. Increase in refrigerating effect
8. HighestCOP
9. Adiabatic
10. Dry compression

Codes:

A B C D
@ 3.10 1,7 29 4,6
b) 58 1.7 210 4,9
¢ 4,10 3,8 3,10 1,6
) 2.7 58 46 1,9 [ESE:1996]

2.10 Consider the following statements:

In ammonia refrigeration systems, oil separator
is provided because
1. Qil separation in evaporator would lead to
reduction in heat transfer coefficient.
2. Oil accumulation in the evaporator causes
choking of evaporator.
3. Oilis partially miscible in the refrigerant.
4, Oil cause choking of expansion device.
Which of these statements are correct?
(@) 1tand?2 (b) 2and 4
(c) 2 3and 4 (d) 1,3and 4
[ESE : 1996]

2.11 Consider the following statements:

Moisture should be removed from refrigerants to
avoid
1. Compressor seal failure.
2. Freezing at the expansion valve.
3. Restriction to refrigerant flow.
4. Corrosion of steel parts.
Which of these statements are correct?
(@) 1.2.3and 4 (b) 1and 2
(c) 2, 3and 4 (d) 1,3and 4
[ESE : 1996]

2.12 Which one of the following statements regarding

COP of ammonia absorption system is correct?

(a) afunction of the temperature and pressure of
the solution

(b) a function of the pressure of the solution
irrespective of the temperature

(c) a function of the temperature of the solution
alone

(d) independent of the temperature and pressure
of the solution [ESE : 1997]
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2.13 Consider the following statements: List-I|
In the case of a vapour compression machineg, if 1. Compressor
the condensing temperature of the refrigerant is 2 Generator
closer to the critical temperature, then there will be: 3. Flash chamber
1. excessive power consumplion 4. Expansion cylinder
2. high compression
3. large volume flow Codes:
Which of these statements are correct? A B € D
(@ 1,2and3 (b) 1and?2 @ 1 4 3 9
(c) 2and 3 (d) 1and 3 [ESE: 1997] by 4 1 9 2
2.14 A single-stage vapour compression refrigeration © 1 4 2 3
system cannot be used to produce ultra low d 4 1 2 3 [ESE:1998]
ternpergturas DACAU 2.19 In milk chilling plants, the usual secondary
(a) refrigerants for ultra-low temperatures are not \ _
available Eghrany 'E. . . o
(b) lubricants for ultra-low temperatures are not (a) Ammonia solution (b) Sodium Silicate
available (c}) Glycol (d) Brine
(c) volumetric efficiency will decrease [ESE : 1998]
considerably - .
(d) heatleakage into the systemwil be excessive 2.20 :;:;::ﬂraii:ﬂc:nhmatmn of properties for a
o : B (a) High specific heat and low specific volume
2.15 Vapour absorption refrigeration system works (b) High heat transfer coefficient and low latent
using the heat
(B abliKy ‘of & SHOREECE T DRsaRl (c) High thermal conductivity and low freezing
condensed or evaporated point
(©) ::;I:Edzf da VapoulEDe CONDIEiSogaf (d) High specific heat and high boiling point

(c) affinity of a substance for another substance
(d) absorptivity of a substance  [ESE : 1997)

2.16 In an ideal refrigeration (reversed Camot) cycle,
the condenser and evaporalor lemperalures are
27°C and -13°C respectively. The COPot this cycle
would be
(a) 6.5 (b) 75
(c) 105 (d) 150 [ESE:1997]

2.17 Air refrigeration cycle Is used in
(@) Commercial refrigerators
(b) Domestic refrigerators
(c) Gas liquefaction
(d) Air-conditioning [ESE : 1998]

2.18 Match List | with List Il and select the correcl
answer using the codes given below the lists:
List-|
A. Bell Coleman refrigeration
B. Vapour compression refrigeration
C. Absorption refrigeration
D. Jetrefrigeration

[ESE : 1998]

2.21 Theflash chamber in a single stage simple vapour

compression cycle
(@) Increases the refrigerating effect
(b) Decreases the refrigerating effect
(c} Increases the work of compression
(d) Has no effect on refrigerating effect
[ESE : 1998]

2.22 Consider the following statements:

In a vapour compression system, a thermometer
placed in the liquid line can indicate whether the
1. Refrigerant flow is too low

2. Water circulation is adequate

3. Condenser is fouled

4. Pump is functioning properly

Which of these statements are correct?

(a) 1,2and 3 (b) 1,2and 4
(c) 1,3and 4 (d) 2,3and 4
[ESE : 1998]
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2.23 The maximum COP for the absorption cycle is

given by (T, = generator temperature,
T = environment temperature, T = refrigerated
space temperature)

Te(Te=Te) To(Te=Te)

@) Ts(To=Te) ) Te(Ts=Te)

To(Te ~Te) y To(To-T¢)

© To(Te~Te) (@) TelTe-Te)
[ESE : 1998]

2.24 The coefiicient of performance of a refrigerator

working on a reversed Carnot cycle is 4. The ratio
of the highest absolute temperature to the lowest
absolute temperature is

(a) 1.2 (b) 1.25

(c) 3.33 (d) 4 [ESE : 1999]

2.25 In vapour compression plant, if certain

temperature differences are to be maintained in

the evaporator and condenser in order to obtain

the necessary heal transfer, then the evaporator

saturation temperature must be

(a) Higher than the derived cold-region
temperature and the condenser saturation
temperature must be lower than the available
cooling water temperature by sufficient
amounts

(b) Lower than the derived cold-region
temperature and the condenser saturation
temperature must be lower than the available
cooling water temperature by sufficient
amounts

(c) Lower than the derived cold-region
temperature and the condenser saturation
temperature must be higher than the available
cooling water temperature by sufficient
amounts

(d) Higher than the derived cold-region
temperature and the condenser saturation
temperature must be higher than the available
cooling water temperature by sufficient
amounts [ESE : 1999]

2.26 The correct sequence of the given components

of a vapour compression refrigerator is
(a) Evaporator, compressor, condenser and
throttle valve

(b) Condenser, throtlle valve, evaporator and
Compressor
(c) Compressor, condenser, throttle valve and
evaporator
(d) Throttle valve, evaporator, compressor and
conaenser
[ESE : 1999]

2.27 The most common type of absorption system used

in industrial applications is based on the
refrigerant-absorbent combination of

(a) Air-water

(b) Lithium bromide-air

(c) Carbon dioxide-water

(d) Ammonia-water [ESE : 1999]
2.28 A good refrigerant should have
(a) Large latent heat of vaporisation and low
operating pressures
(b) Small latent heat of vaporisation and high
operating pressures

(c) Large latent heat of vaporisation and large
operating pressures

(d) Small latent heat of vaporisation and low
operating pressures

[ESE : 1999]

2.29 Solar energy can be directly used in

(a) Vapour compression refrigeration system
(b) Vapour absorption refrigeration system
(c) Airrefrigeration system

(d) Jet refrigeration system [ESE : 1999]

2.30 Consider the following statements:

1. Azeotrops are the mixtures of refrigerants and
behave like pure substances.

2. |somers refrigerants are compounds with the
same chemical formula but have different
molecular structures,

3. The formula n + p + g = 2 m is used for
unsaturated Chloro-fluoro-carbon compounds
(m, n, pand g are lhe number of atoms of
carbon hydrogen, fluorine and chlorine

respectively).
Which of these statements are correct?
(@) 1and3 (b) 2and 3
(c) 1Tand 2 (d) 1,2and 3
[ESE : 2000]
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2.31 The enthalpies at the beginning of compression, (c) large size of the condenser
at the end of compression and at the end of (d) undercharge of the refrigerant
condensation are respectively 185 kJ/kg, 210 kJ/ [ESE : 2000]

kg and 85 kJ/kg. The COP of the vapour
compression refrigeration system is

(@) 0.25 (b) 54

(c) 4 (d) 1.35

2.33 The leakage in a Freon based refrigeration system
can be detected by using a/an
(a) oxyacetylene torch
(b) halide torch
(c) sulphurtorch
2.32 The discharge pressure of the compressor in the (d) blue litmus paper
refrigeration system goes up due to the [ESE : 2000]
(a) lower volumetric efficiency of the compressor
(b) formation of scale in the condenser

[ESE : 2000]

[IETTY 'deal, Vapour, Air Refrigeration Cycle and Refrigerants

21 () 22 () 23 (d) 24 (c) 25 (b)) 26 (d) 27 () 28 () 29 (b
210 (@) 211 (@ 212 (c) 213 (a) 2.14 (c) 2.15 (c) 2,16 (a) 2.17 (c) 2.18 (d)
219 (d) 2,20 (c) 221 (d) 222 (a) 223 (a) 224 (b) 225 (c) 226 (c) 2.27 (d)
228 (a) 229 (b) 230 (0 231 (¢) 2.32 (b) 2.33 (b)

LTI Ideal, Vapour, Air Refrigeration Cycle and Refrigerants

2.1 [ (iv) Air: The dry air is used as a gaseous
refrigerant in some compression system,
particularly in air-craft air conditioning.

In vapour absorption cycie generator is used. [he
generator is heated with the waste heat coming
out from boiler, gas turbine or solar energy etc. (ﬂ

p

(D)
(i) Ammonia: It is commonly used In ice
factories and breweries without exception.
The reasons for this are as follows:
(a) lowest running cost
(b) cheapest refrigerant
(c) leaks easy to detect

[

(ii) Carbon Dioxide: It was widely used for air- -
conditioning hospitals, theaters, hotels and It is observed that a decreased in evaporator
Markie.senvioe wnare salely wes the prime lemperature results in:
consideration.

() Decrease in refrigerating effect from

iii) Refrigerant-11: Due to the low operatin
() y o (h, - h,) to (h,' - h,)

pressures, centrifugal compressors are

used to handle the large volume at low () Increase in the specific volume of suction
pressure. It is mainly used for vapour from v, to v’
airconditioning office building, factories (i) Decrease in volumetric efficiency, due to

department stores and theaters. increase in the pressure ratio, fromn ton, '
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(iv) Increase in compressor work from
(h,- h,) to (h," = h,") due to increase in the
pressure ratio as well as change from
steeper isentropic 1-2 to flatter isentropic
1-2'.

25 (O}

In vapour compression refrigeration, the
expansion cylinder system of expanding the liquid
refrigerant is quite complicated and involves
greater initial cost. Therefore its use is not justified
for small save in work. Moreover, the flow rate of
the refrigerant can be controlled with throttie valve
which is not possible in case of expansion
cylinder which has a fixed cylinder volume.

d)

(i) Practically all common refrigeration have
approximately the same COP and power
requirement

Refrigrant | COP | kW/on
NH;, |476| 075
CO, |[256| 14
SO, |487| 074
R11 |508] 0.7
R-12 47 | 076

R-22 46 | 077
R113 | 492 | 0.73

(i)  Ammonia is immisible with oil,

(i) The dielectric strength of the refrigerant

becomes an important factor when it is used
in hermetically sealed unit where the motor
is exposed to the refrigerant.
The dielectric strength of different refrigerant
vapours are compared with dielectric
strength of nitrogen, therefore, the relative
dielectric strength of refrigerant vapour are
given by a ratio by

_ Dielectric strength of refrigerant vapour
~ Dielectric strength of nitrogen

(iv) The leaks of ammonia refrigerant may be
quickly and easily detected by use of
burning sulphur candle which in the
presence of ammonia forms white fumes of
ammonia sulphite.
The leakage of fluoro-carbon refrigerants can
be detected by soap solution.

2.7 [

Flow work = J-—VCD

Since, specific volume of liquid is very small
hence work obtained will not justify the cost of
expander. Secondly, the frictional and
thermodynamic losses in expanding the liquid
will make the gain in work negative. So isentropic
process of expansion is replaced by isenthalpic
process through throtthing.

2.8 [C)

Absorption refrigerators working by solar collector
uses mixture of water and Lithium bromide (water-
LiBr).

2.10 (8

A built-up of oll in the evaporator will result in a
reduced heal transfer coefficient, oil choking in
the evaporator due to restriction to refrigerant flow
and even blockage and ultimately to oil starvation

In the compressor.

2.12 [0}

It is function of temperature only as the vapour
refrigerant from the evaporator is drawn into an
absorbs where it is absorbed by weak solution
of the refrigerant forming strong solution. This
strong solution is pumped to the generator where
it is heated by some external source. During the
heating process the vapour refrigerant is driven
off by the solution and enters into the condenser
where it is liquefied. So it function of temperature
only.

As the condensing temperature of the refrigerant
Is closer to the critical temperature, then there
will be

* power consumption increase from m(h, - h,)to

miK, - h,).
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* high compression ratio.

e ncrease in volume flow rate for same power.,

* decrease in refrigeration effect from m(h, - h,)
to m(h, - h)).

e decreasein COP.

2.14 [0}

To produce ultra-low temperature the
compression ratio will increase, the volumetric
efficiency will decrease.

The affinity of substance 1o gel absorbed and
evaporated easily is the prime requirement for
being In use.

216000
Given dala :
T,=27°C=(27 + 273) K= 300 K
T? = -13°C = (=13 + 2?3} K=260K

T, 260
= T,-T, 300-260

.78

Air refrigeration is used widely for gas

6.5

liquetaction.
2.18 [5)}
1. Bell-Coleman refrigeration : Expansion
cylinder
2. Vapour compression refrigeration :
Compressor

3. Absorption refrigeration : Generator
4. Jetrefrigeration : Flash chamber

2.20 ({3
The desirable properties of ideal refrigerant are:

(1) Low boiling point
(i) Low freezing point

(i) High critical temperature
(iv) High latent heat of vaporization
(v) Low specific heat of liquid
(vi) Low specific volume of vapour
(vi) Noncorrosive metal
(vil) High heat-transfer coefficient

2.21[C)

The use of flash chamber has no effect on the
thermodynamic cycle, The only effect resulting from
the use of flash chamber is the reduction in the
mass of refrigerant flowing through the evaporator
and hence the reduction in the size of evaporator.

da)
{CGF)VM - “@umt * {Cop}cmnul
e =1
- TE TC = TE

o | T
e
T, =T, |
H]l = 0.25 Wh{ﬂ)
;—”*-1=u.25 .
L
.
?':=1.25 |

To have heat transfer evaporator temperature
should be less than required temperature and
condenser temperature should be higher.

Always sequence start from compressor then
condenser, throttle valve and evaporator

P
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ammonia) absorption system is widely used.

(i) Low boailing point

(i) Low freezing point

(i) High critical temperature

(iv) High latent healt of vaporization

(v) Low specific heat of liquid

(vi) Low specific volume of vapour
(vit) Noncorrosive metal
(vili) High heat-transfer coefficient

For unsaturated compound
2ZM=p+g+n

For industrial application, Ammonia-water (Aqua-

2.31 0

h, = 185 kJ/kg
h, = 210 kd/ka
'hﬁ = ."'.'4 = 85 kJ.fkg
hl"“h‘
COP =
hP_h'l
_ 185-85 100 _,
- 210-185 25

The leakage of Freon based refrigeration system
can be detected by soap solution, a halide torch
or an electronic detector.



3.1

3.2

3.3

3.4

3.5

A3

A pressure gauge on discharge side of a refrigerant
compressor reads too high. The reason could be :
1. lack of cooling water

2. waler temperature being high

3. dirty condenser surface

4. refrigerant temperature being too high
Which of these statements are correct?

(@ 1,2and 4 (b) 1,2and 3
(c) 2,3and 4 (d) 1,2,3and 4
[ESE : 1995]

Assertion (A): Never connecl a solenoid valve

directly to the motor leads.

Reason (R): The high current drawn to start the

motor may drop the voltage enough to prevent

the valve from opening.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Alisfalse but R is true [ESE : 1995]

When the discharge pressure is too high in
refrigeration system, high pressure control is
installed to

(a) stop the cooling fan

(b) stop the water circulating pump

(c) regulate the flow of cooling water

(d) stop the compressor [ESE : 1996]

For large tonnage (more than 200 tons) air-
conditioning applications, which one of the
following types of compressors is recommended?
(a) Reciprocating (b) Rotating

(c) Centrifugal (d) Screw [ESE: 1996]

Air cooling Is used for freon compressors whereas

waler jacketing is adopted for cooling ammonia

compressors. This is because

(a) latent heat of ammonia is higher than that of
freon

(b) thermal conductivity of water is higher than
that of air

3.6

3.7

3.8

3.9

Refrigeration Equipments

(c) specific heat of water is higher than that of air
(d) of the larger superheat horn of ammonia
compression cycle [ESE : 1997]

For an air-conditioning plant above 300 ton, which
one of the following system would normally be
preferred?

(@) Ammonia reciprocating compressor

(b) Centrifugal chiller

(c) Absorption refrigeration system

(d) Hermetic compressor [ESE : 1997]

When a burmnt out hermetic compressor is replaced
by a new one, it is desirable to include in the
system a large drier-cum strainer also. This is 1o
be placed in

(@) Liquidline
(c) Hotgasline

(b) Suction line
(d) Discharge line
[ESE : 1999]

Consider the following statements:

The pressure in a horizontal capillary tube of a
refrigeration system decreases due to the

1. Frictional resistance offered by the tube wall.
2. Acceleration of refrigerant in the tube.

3. Heal transfer from the tube wall.

4, Decrease in the potential energy.

Which of these statements are correct?

(a) 1and4 (b) 2, 3and 4

(c) 1,.2and 3 (d) 1and2[ESE : 2000]

Consider the following statements regarding

refrigerants

1. Refrigerant NH, is used in reciprocating
COMPressors,

2. Refrigerant CO, is used in reciprocating
COMPressors.

3. Refrigerant R-11 is used in reciprocating

COMPressors,
Which of these staterments are correct?
(a) 1and3 (b) 1and 2
(c) 2and 3 (d) 1,2and 3
[ESE : 2000]
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3.1 (b)) 32 (a) 33 (d 3.4 (c

Refrigeration Equipments

d)

The high pressure control is used as salety control,
The compressor is stopped by culting off the
power supply given to the motor of the
compressor, whenever the discharge pressure of
the compressor becomes excessive. This is
necessary to prevent the possible damages of

the equipments.

3.4

c)

Centrifugal compressors are used for system

ranging from 50 to 5000 tonnes.
d)

1l K
g,

The compressor discharge temperature of
ammonia is very high due to high value of

adiabatic index (y)

3.5

(d)

3

3.6

on

(b) 3.7 3.8 3.9

(@) (d) (b)

(b)

The reciprocating compressors are available in
size as small as 1/2 kW which are used in small
domestic refrigerators and upto about 150 kW
(42.857 tons) for large capacity installation,

The centrifugal compressor are especially
adapted for system ranging from 50 to 500
tonnes.

The vapour absorption system can be built in
capacity well above 1000 tonnes of refrigeration
each which is the largest size for single
COMPressor units.

3.7 [B)

A drier 1S connected between the receiver and
the evaporator 1o eliminate traces of moisture if
any.

EERE



4.1

4.2

4.3

4.4

4.5

A 4

Consider the following statements:

In psychromelry, wet-bulb temperalure Is a

measure of enthalpy of maist air, so that in the

psychrometric chart,

1. The constant enthalpy lines are also constant
wel bulb temperalure lines.

2. The wet bulb and dry bulb temperature are
same at any condition.

3. The wet bulb and dry-bulb temperature are
equal at saturation condition.

Which of these statements is/are correct?

(@) 1only (b) 1and 2

(c) 1and3 (d) 2and 3

[ESE : 1995]

At 100% relative humidity, the wet bulb
temperature 1S
(a) mare than dew point temperature
(b) same as dew point temperature
(c) lessthan dew pointtemperature
(d) equal to ambient temperature
[ESE : 1995]

Evaporative air-cooler is used effectively when

(a) drybulbtemperature is very close to the wet
bulb temperature

() dry bulb temperature IS high ana relative
humidity is high

(c) dry bulb temperature is low and relative
humidity is high

(d) dry bulb temperature is high and the relative
humidity is low [ESE : 1995]

The minimum temperature to which water can be
cooled in a coaling tower is

(@) the dew point temperature of air

(b) the wet bulb temperature of air

(c) they dry bulb temperature of air

(d) the ambient air temperature  [ESE : 1995)

During the adiabatic cooling of moist air
(a) DBT remains constant
(b) Specific humidity remains constant

4.6

4.7

48

4.9

Psychrometry and

Psychrometric Processes

(c) Relative humidity remains constant
(d) WBT remains constant
[ESE : 1996]

When a stream of moist air is passed over a cold
and dry cooling coil such that no condensation
takes place, then the air stream will get coded
along the line of

(a) constant wet bulb temperature

(b) constant dew point temperature

(c) constant relative humidity

(d) constantenthalpy [ESE : 1996]

Consider the following statements:
A psychrometer measures
1. wet bulb temperature
2. dewpointtemperalure
3. drybulbtemperature
Which of these statements is/are correct?
(@) 1only (b) 2and 3
(c) 1Tand3 (d) 1,2and 3
[ESE : 1997]

To fix the state point in respect of air-vapour

mixtures, three intrinsic properties are needed.

Yet, the psychrometric chart requires only two

because

(a) water vapour is in the superhealed state

(b) the chart is for a given pressure

(c) the chart is an approximation to true values

(d) the mixtures can be treated as a perfect gas
[ESE : 1998]

During sensible cooling of air

(a) Its wet bulb temperature increases and dew
point remains constant

(b) Its wet bulb temperature decreases and the
dew point remains constant

(c) Its wet bulb temperature increases and the
dew point decreases

(d) Its wet bulb temperature decreases and dew
poinl increases [ESE : 1998]
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4.10 The expression Dok,
pr i pv
(a) Relative humidity
(b) Specific humidity

(c) Degree of saturation

Is used to determine

(d) Partial Pressure [ESE : 1998]
4.11 The effective temperature is a measure of the
combined effects of

(@) Dry bulb temperature and relative humidity

(b) Dry bulb temperature and air motion

(c) Wet bulb temperature and air motion

(d) Dry bulb temperature, relative humidity and
air motion [ESE : 1998]

4.12 A human body feels comfortable when the heat
produced due to metabolism of human body is
equal to the
(a) Heatdissipated to the surroundings
(b) Heat stored in human body
(c) Difference between heat dissipated to the

surroundings and heat stored in human body

(d) Sum of heat dissipated 1o the surroundings
and heat stored in human body

[ESE : 1999]

4,13 The reason for a person feeling more comfortable

on a warm day if seated in front of an electric fan

Is that the

(a) Metabolic heat production is reduced

(b) Body loses more heat by convection and
evaporation

(c) Body loses more heat by radiation

(d) Body loses more heat by evaporation and
radiation [ESE : 1999]

4.14 The equation ¢ = Pe Is used to calculate the

8

(p, = partial pressure of water vapour in moist air
at a given temperature,
p, = saturation pressure of water vapour at the
same temperature)
(a) Relative humidity (b) Degree of saturation
(c) Specific humidity (d) Absolute humidity

[ESE : 1999]

4.15 During adiabatic saturation process of air, wet bulb
lemperature
(@) increases and dry bulb temperature remains
constant

(b) remains constant and dry bulb temperature
increases

(c) remains constant and dry bulb temperature
decreases

(d) decreases and dry bulb lemperature remains
constant [ESE : 1999]

4.16 In a chilled-water spray pond, the temperature of

water is lower than dew point temperature of
entering air. The air passing through the spray
undergoes

(@) Cooling and humidification

(b) Cooling and dehumidification

(c) Sensible cooling

(d) Dehumidification [ESE : 1999]

4.17 The performance of an evaporation condenser

largely depends on
(a) Dry bulb temperature of air
(b) Wet bulb temperature of air
(c) Hotwaler temperature
(d) Air-conditioned room temperature
[ESE : 1999]

4.18 Air at state 1(DPT 10°C, @ = 0.0040 kg/kg of dry

air) mixes with air at state 2 (DPT 18°C
m = 0.0051 kg/kg of dry air) in the ratio 1 to 3 by
weight. The degree of saturation (%) of the mixture
is (the specific humidity of saturated air at 13.6°C,

® = 0.01 kg/kg of dry air)
(@ 25 (b) 30
(c) 48 (d) 62 [ESE : 1999)

4.19 When warm saturated air is cooled

(a) excess moisture condenses

(b) excess moisture condenses but relative
humidity remains unchanged

(c) excess moisture condenses and specific
humidity increases but relative humidity

remains unchanged
(d) specific humidity increases and relative
humidity decreases [ESE : 2000]

4,20 When dry-bulb and wet-bulb temperatures are

identical, it means that the

(a) air is fully saturated and dew-point
temperature has reached

(b) airis fully saturated

(c) dew-point temperature has reached and
humidity is 100%

(d) partial pressure of water vapour is equal to
total pressure [ESE : 2000]
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Psychrometry and Psychrometric Processes
41 (c) 42 (b) 43 (d 44 (b) 45 (d 46 (b) 4.7 (c) 48 (b) 4.9 (b)

410 (b) 411 (d) 412 (d 413 (b) 414 (a) 415 (c) 416 (b) 4.17(b) 4.18 (¢
4.19 (b) 4.20 (a)

Psychrometry and Psychrometric Processes

c) During adiabatic cooling of moist air, enthalpy of
moist air remains constant. Since constant
enthalpy lines and constant wet bulb temperature
lines are same hence wet bult temperature also
remains constant during adiabatic cooling.

On a psychrometric chart the constant enthalpy
lines are also constant wet-buib temperature lines.
The wet bulb and dry bulb temperature are equal
at saturation condition (100% relative humidity)

42 [ 4.6
When a stream of moist air is passed over a
cold and dry cooling coil such that no

For fully saturated air

[

T condensation takes place, then sensible cooling
lakes place which is constant dew point
DBT = WBT |- lemperature process.
= DPT

47 [

Psychrometer measures only dry bulb

$ lemperalure and wel bulb temperature. Sling
psychrometer i1s also its name.
4.3 [
Evaporalive air-cooler used effectively when dry- [b)
bulb temperature is high and the relative humidity The psychromelric chart is based on given fixed
s low. The evaporative cooling is only success/ul pressure.

in those areas where reasonably low wet bulb
(31°C and below) occurs simultaneously with dry
bulb temperature (35°C above)

LR (D)
In case of cooling tower minimum temperature
to which the water can be cooled is wet bulb
temperature of inlet air.

Dew point temperature remains constant during
sensible cooling and wet bulb temperature
Adiabatic decreases.

e mﬂi‘fﬂ
4.10[{%)

Specific humidity: © =

0.622p,
Py =Py
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4.11 [}

The effective temperature is measure of dry bulb
temperature, relative humidity and air motion.

A A(d)

A human body feels comfortable when the heat
produced by metabolism ot human body is equal
to the sum of the heat dissipated to the
surrounding and the heat stored in human body
by raising the temperature body.

Heat produced by the body = Heat dissipated
1o surroundings + Heat stored in body

4.13[C)
Person loses more heat due to forced convection
and due to this he feels more comioriable.

4.14 0
Relative humidity gives the relativeness about
the mass of water present for given condition o
the mass of water present in the same volume of
saturated state for given pressure and
lemperature.

0=Lr

Pys
4.15 0]

2
T

I
|
|
1
|
|

e

, f,
So during adiabatic saturation process wet bulb
temperature remains constant and dry bulb
temperature decreases.

4.16 03

Cooling and dehumidification may be
accomplished with help of an air-washer. In the
air-washer system, the outside or entering air is
cooled below its dew point temperature so that it
looses moisture by condensation. The moisture
removal is also accomplished when the spray
water is chilled water and its temperature is lower
than dew point temperalure of the entering air.

4158

kg of moisture actually contained in mixture

_0.004 +3x0.0051
h 341

kg of moisture in saturated air of mixture
= 0.01 kg / kg of air

=(0.0048

__0.0048
~.Degree of saturation = 007

= 48%

x 100

When warm saturated air is cooled, specific
humidity decreases and relative humidity remains
constant.



Cooling Load Calculations

and Duct Design

5.1

5.2

5.3

0.4

Two summer air-conditioning systems with non-

zero by pass factor are proposed for a room with

a known sensible and latent heat load. System A

operates with ventilation but system B operates

without ventilation. Then the

(a) by-pass factor of system A must be less than
the by-pass factor of system B

(b) by-pass factor of system A must be more
than the by-pass factor of system B

(c) apparatus dew point for system A must be
lower than the apparalus dew point for system
B

(d) apparatus dew point for system A must be
higher than the apparatus dew point for
system B. [ESE : 1995]

The most commonly used method for the design
of duct size is the

(a) velocity reduction method

(b) equal friction method

(c) static region method

(d) dual or double ductmethod  [ESE : 1996]

Assertion (A): In an air-conditioned room, the

reflective coating should be on the inside of the

Window.

Reason (R): Plane window glass is transparent

lo solar radiation.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Aisfalse but R is true [ESE : 1996)

Fresh air intake (air change per hour)
recommended for ventilation purposes in the air-
conditioning system of an office building is
(a) 1/2 (b) 3/2
(c) 92 (d) 25/2

[ESE : 1997]

5.5

5.6

5.7

5.8

For low by-pass factor of cooling coil, the fin
spacing and the number of tube rows will be
respectlively

(a) High and high
(c} Lowand high

(b) High and low
(d) Lowand low
[ESE : 1998]

In air~conditioning design for summer months, the

condition inside a factory where heavy work is

performed as compared to a factory in which light

work is performed should have

(a) Lowerdry bulb temperature and lower relative
humidity

(b) Lower dry bulb temperature and higher
relative humidity

(c) Lower dry bulb temperature and same relative
humidity

(d) Same dry bulb temperature and same relative
humidity

[ESE : 1998]

Which of the following method (s) is/are adopted
in the design of air duct system?

1. Velocity reduction method

2. Equal friction method

3. Static regain method

Select the correct answer using the codes given
below:

(a) 1only
(c) 2and 3

(b) 1and 2
(d) 1,2and 3
[ESE : 1998]

The sensible heat factor of a room is given by
(SHL = Sensible heat load and LHL = Latent heat
load)

SHL —LHL SHL
@ — AL ®) SHL-LAL
SHL +LHL SHL
T ) SHL+LAL
(ESE : 1999)
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5.9 Airat 20°C dry bulb temperature and 40% relative (@) 60 kJ/hr (b) 12 kJ/hr
humidity is heated upon 40°C using an electric (c) 6 kW (d) 0.2 kW
heater, whose surface temperature is maintained [ESE : 2000]
uniformly at 45°C. The by-pass factor of the

5.13 Consider the following statements:

P:;Et;;; (b) 0.25 1. The recommended outside air required per
' | person for an auditorium is approximately
) e @1 0.25 m¥/min
€362 1999] 2. Qutside air for ventilation purposes causes
5.10 Consider the following parameters: sensible heat load and also latent heat load
1. Dry-bulb temperature 3. The sensible heat factor for an auditorium is
2. Humidity ratio generally kept as 0.7
3. Air velocity Which of these statements are correct?
4. Solar radiation intensity (a) 1and? (b) 2and 3
Which of these parameter are taken into account (c) 1and 3 (d) 1,2and 3
for determining effective temperature for human [ESE : 2000]
faTn:O :;d - (b) 1and 4 5.14 Consider the following statements:
(©) 2 3and4 @) 1,2and 3 Tha.tgfplcal air velocities in the ducts of air
[ESE : m] mnﬂihming SYSIEI'HS EI"EF |
| 1. lower inresidential buildings as compared to
5.11 The desirable air velocity in the occupied zone those of public buildings.
for c”"‘:“” lor summer air-conditioners is in the 2. higher in residential buildings as compared
o to those of public buildings.
) G=7 n'u‘m!nuta ) .4 =5 nﬂmhl.ﬂ? 3. higher inindustrial buildings as compared to
(c) 2-3m/minute  (d) 0.5-1.5m/minute h foublie buildi
[ESE : 2000] those of public buildings.
4. equalin all types of buildings.
5.12 An air-conditioned room of volume 10 m® has Which of these statements is/are correct?
infiltration of air equivalent to 3 air changes. (a) 1only (b) 1and3
Density of air is 1.2 kg/m?, specific heat ¢, is (c) 2and3 (d) 4 only
1 kJ/kgK and temperature difference between [ESE : 2000]

room and ambient air is 20 K. The sensible heat

load due to infiltrated air Is
EEER
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Cooling Load Calculations and Duct Design
5.1 (b) 862 (b) 53 (d 54 (d 6585 (c) 66 (a9 5657 (d) 58 (d) 5.9 (a)
510 (d) S511(a) 5.12 (d) 5.13 (d) 5.14 (b)

Cooling Load Calculations and Duct Design

5.1 [19 5.9 [G}

In coiling coil, bypass factor is the difference Given: t, = 20°C; 1, = 40°C; t, = 45°C
between leaving air temperature and the mean aPE -1, 45-40 0.2
coil surface temperature divided by the difference T ty-t 45-20

between the entering air temperature and mean (d)

surface temperalture .
Factor affecting effective temperature for human

comfort

by =13 (i) Dry bulb temperature
BPF shows degree to which coils are inefficient. (i) Relative humidity

Due 1o venlilation room temperature increases, [iii} Air VEFﬂCity‘
because of that bypass factor increases.

. 5110

Desirable air velocity for comfort is in the range
of 5-8 m/min.

BPF = =1y

Equal friction method must commaonly be used
method for the design of duct because of its
economical.

Other methods are:

(i) velocity reduction method = MCp AT =(3x%10)x1.2x1x 20
(i) static regain methods 720

720 kdfhr = —— kJ/s = 0.2 kW
54 [0 — 3600

1

The proportion of fresh air intake is more in case 513 Q)
of air conditioning in office because of large Outside air causes sensible heat gain and latent
number of people working over there. heal gain. Sensible heat factor for auditorium is

0.7.

5.5 ({9
5.14

By-pass factor of cooling coil decreases with “:_’} . | _
decrease in fin spacing and increase in number Air velocity in the ducts of air-conditioning system
of rows. This will increase the contact of gas with depends on number of person.
the coll, AERE

56 (O

Lower dry bulb temperature and lower relative
humidity is required for given condition because
of heavy work conditions. Large amount of heat
produced which increases the dry bulb
temperature and relative humidity.

5.8 [

SHF SHL

~ SHL +LHL
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1.1

1.2

1.3

1.4

1.5

A hydraulic power station has the following major
items in the hydraulic circuit:

1. Drafttube 2. Runner

3. Guidewheel 4. Penstock

The correct sequence of these items in the
direction of flow is

(@ 4,2 3,1 (b) 4,3 2,1
¢ 1,234 d) 1.3,.2, 4
[ESE : 1995]

The movable wicket gates of a reaction turbine

are useato

(a) control the flow of waler passing through the
turbine

(b) control the pressure under which the turbine
IS working

(c) strengthen the casing of the turbine

(d) reduce the size of the turbine

[ESE : 1995]

Euler equation for water turbine is derived on the
basis of
(a) conservation of mass
(b) rale ol change ol linear momentum
(c) rate of change of angular momentum
(d) rate of change of velocity
[ESE : 1995]

Which one of the following skelches represents
an impulse turbine blade?

@ LN b C—
© (=
[ESE : 1995]

The specific speed of a turbine is defined as the
speed of a member of the same homologous
series of such a size that it

(a) delivers unit discharge at unit head

(b) delivers unit discharge at unit power

1.6

Ly

1.8

Impact of Jet and

Hydraulic Turbines

(¢} delivers unit power at unit discharge
(d) produces unit power under the unit head
[ESE : 1996]

Match List-l with List-ll and select the correct

answer using the codes given below the lists:
List-|

A. Pelton wheel (single jet)

B. Francis turbine

C. Kaplanturbine

List-l|

Medium discharge, low head

High discharge. low head

Medium discharge, medium head

. Lowdischarge, high head

Codes:

s

awp

(@) 1
(b) 1
c) 4

4

B
2
3
1
(d) 3

N W R WO

[ESE : 1996]

In reaction turbines, the draft tube is used
(a) for the safety of the turbine
(b) to convert the kinetic energy of flow by a
gradual expansion of the flow cross-section
(c) todestroy the undesirable eddies
(d) for none of the above purposes
[ESE : 1996]

As water flows through the runner of a reaction
turbine, pressure acting on it would vary from
(a) more than atmospheric pressure to vacuum
(b) lessthan atmospheric pressure lo zero gauge
pressure
(c) atmospheric pressure to more than
atmospheric pressure
(d) atmospheric pressure to vacuum
[ESE : 1997]
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1.9 A reaction turbine discharges 30 m°/s of water (b) high head and high discharge

under a head of 10 m with an overall efficiency of (c) lowhead and low discharge

02%. The power developed is (d) medium head and medium discharge

(a) 295.2 kW (b) 287.0 kW [ESE : 1998]

(c) 279.0kW (d) 265.2 kW . ~ .

1.15 Consider the following turbines:
(ESE : 1997) 9

1.10

1.1

1.12

1.18

1.14

Given that N = speed, P = power, H = head
The specific speed of a hydraulic turbine is
given by

NVP NP
o o
PN PN
© —% (d) P;’:

[ESE : 1997]

Which one of the following statements regarding

an impulse turbine is correct?

(a) There is no pressure variation in flow over
the buckets and the fluid fills the passageway
between the buckets.,

(b) There is no pressure variation in flow over
the buckets and the fluid does not fill the
passageways between the buckets.

(c) There is pressure drop in flow over the
buckets and the fluid fills the passageways
between the buckets,

(d) There is pressure drop in flow over the
buckets and the fluid does not fill the
passageway between the buckets.

[ESE : 1997]

Which one of the following forms of draft tube
will not improve the hydraulic efficiency of the
turbine?

(a) Straight cylindrical

(b) Conical type

(c) Bell-mouthed

(d) Benttube [ESE : 1998]
Which one of the following turbines is used in
underwater power stations?

(b) Deriaz turbine
(d) Turgo-impulse turbine
[ESE : 1998]

A Pelton wheel is ideally suited for
(a) high head and low discharge

(a) Peltonturbine
(c) Tubular turbine

1.Kaplan 2. Peltonwheel 3.Francis
The correct sequence in increasing order of the
specific speeds of these turbines is
(a) 2, 3,1 (b) 2,1, 3
0 3,1,2 (d) 1.2,3
[ESE : 1998]

1.16 Consider the following statements:

117

1. Adraft tube may be fitted to the tailend of a
Pelton turbine to increase the available head.

2. Kaplanturbine is an axial flow reaction turbine
with adjustable vanes on the hub.

3. Modern Francis turbine is a mixed flow
reaction turbine.

Which of these statements are correct?

(@) 1,2and3 (b) 1and 2

(c) 2and3 (d) 1and 3

[ESE : 1999]

The correct sequence of the given hydraulic
turbines in decreasing order of their specific
speeds is
(a) Pelton wheel, Francis turbine and Kaplan
turbine
(b) Propeller turbine, Francis turbine and Pelton
wheel
(c) Kaplan turbine, Pelton wheel and Francis
turbine
(d) Francis turbine, Kaplan turbine and Pelton
wheel
[ESE : 1999]

1.18 Consider the following turbines/wheels:

1.  Francis turbine

2. Pelton wheel with two or more jets

3. Pelton wheel with a single jet

4. Kaplanturbine

The correct sequence of these lurbines/wheels
in increasing order of their specific speeds is

(@) 2.3,1,4 (b) 3,2, 1,4
) 2,3.4,1 (d) 3,2 4,1
[ESE : 2000]
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1.19 The gross head available to a hydraulic power 1.21 Consider the following statements :

plantis 100 m. The utilised head in the runner of
the hydraulic turbine is 72 m. If the hydraulic
efficiency of the turbine is 90%, the pipe friction
head Is estimated fo be

(a) 20m (b) 18Bm

() 16.2m (d) 1.8m [ESE:2000]
1.20 The cavitation number of any fluid machinery is

defined as o = P~P (pis absolute pressure,

B |
p is density and Vs free stream velocity)
The symbol p’ denotes
(a) static pressure of fluid
(b) dynamic pressure of fluid
(c) vapour pressure of fluid
(d) shear stress of fluid [ESE : 2000]

Impact of Jet and Hydraulic Turbines

11 (0 1.2 @ 13 (© 14 (@ 15 (d
1.10 (b) 111 (b) 112 (@ 1.13 (c) 1.14 (a)
1.19 (a) 1.20 (©) 1.21 (a)
XTI impact of Jet and Hydraulic Turbines

A water turbine governor
1. helps instarting and shutting down the turbo
unit

2. controls the speed of turbine set to match it
with the hydroelectric system
3. sels the amount of load which a turbine unit

nas to carry
Which of these statements are correct?
(a) 1,2and3 (b) 1and 2
(c) 2and 3 (d) 1and3 [ESE: 2000]

16 (d 1.7 (b) 1.8 (a) 1.9. (%
1.156 (@ 1.16 (¢) 1.17 (b) 1.18 (b)

(o) (c)

Penstock: It is used to carry water from dam to
the inlet of turbine.

Guide wheel: It controls the flow of water to the
turbine runner.

Draft tube: It is used in reaction turbine and
located alter turbine.

Eulers equation for water turbine Is:
U -Uf Vo -W  Vi-Va

H=
2g 29 29
(Centr‘rfugai] . (I(inatic ] 2 [Fiﬂlaﬂve velocity ]
| head head head

12 [0 N

Water enters the adjustable guide vanes or wicket
gales are pivoted and can be turned suitably to
control the flow and output. The purpose of the
guide vanes is to impart a whirl component of
velocity or angular momentum of water before
entering the runner.

Specific speed: It is defined as the speed of a
similar turbine working under a head of 1m to
produce a power output of 1kW. The specific speed
IS useful lo compare the performance of various type
of turbines. The specific speed differs for different
types of turbines and is same for the model and
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actual turbine. (b)

Specific speed: The specific speed of turbine characterizes the

N = NP turbine shape in a way that is not related to its

: H size. The specific speed is the speed with which

1.6 [C)
Characteristics of Pelton wheel
(i) Impulse turbine
(i) High head turbine (300 - 2000 m)
(i) Low specilic discharge turbine
(iv) Tangential flow turbine
(v) Low specific speed turbine (4 - 70)
Characteristics of Francis turbine
(1) Reaction turbine
(i} Medium head turbine (30 - 500 m)
(i) Medium specific discharge
(iv) Radial flow turbine, but modermn francis turbine
are mixed flow turbine
(v) Medium specific speed turbine (60 - 400 V)
Characteristics of Kaplan turbine
(1) Reaction urbine
(i) Low head turbine (2m-70m)
(iii) High specific discharge
(iv) Axial flow
(v) High specific speed (300 -1100)

1.7 O]
The draft tube has two purposes as follows:

(I} It permits a negative or suction head to be
established at the runner exit, thus making it
possible to install the turbine above the tail race
level without loss of head

(i) It converts a large proportion of velocity
energy rejected from the runner into useful
pressure energy. i.e. acts as a recuperator of
pressure energy.

1.5 &)

At runner inlet the pressure is more than
almospheric pressure and at runner outlet
pressure is less than atmospheric (vacuum).

iEl o

Water power = pQgH = 1000 x 30 x 9.81 x 10
= 2943 x 10° W = 2943 kW
Shaft power = n, ., x Water power
= 2707.56 kW

the turbine turns for a particular discharge, with
unit head and thereby is able to produce unit

power.

(a)

- S
exit
<—— Draft tube
@.,. .,,-l.,,.,,,.Ta]
race level
By equation of continuity
PAV = PAY,
.~ _Water is incompressible, p, = p,
= AV = &Y,
Since A = A
Straight cylindrical

1.13 [}
Tubular or bulb turbine are designed into the water
delivery tube. A large bulb is centered in the
water pipe which holds the generator, wicket gaie
and runner. Tubular turbine are a fully axial design

(a)
NP

Specific speed (N,) = —572

For high head, specific speed will be low, thus
Pelton turbine is suitable, because specific
speed is the speed with which the turbine turn
for a particular discharge @, with unit head and
thereby is able to produce unit power, thus for
low specific speed, discharge must be low.

(a)

Type of turbine  Specific speed

1. Propeller/Kaplan 300-1000
turbine

2. Francis/Fourneyron’s 40-300
turbine

3. Peltonturbine 9-40
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(c) (a)
In a Pelton turbine, draft tube can't help to Hg = 100m
increase the available head since the jet from Eulershead, H, = 72m
nozzle gets exposed o atmospheric air. = 90% = 0.9 = %
(b) 5
Specific speed of propeller is around 225-850, 09 = )
Francis 50-225 and Pelton 10-50 or H=80m
(b) Hy= H+h,
100 = 80 + h,

Pelton wheel with single jet have less specific
speed than Pelton wheel with two or more jets

hy=100-80=20m

or
©

Cavitation number expresses the relationship
between the difference of a local absolute
pressure from the vapour pressure and the kinetic
energy per unit volume, and is used 10
characterize the potential of flow to cavitate.



Hydraulic Pumps

2.1

2.2

2.3

Which of the following are the beneficial effects

of air vessel fitted to delivery side of a

reciprocating pump?

1. Constant rate of discharge can be ensured.

2. Power consumption can be reduced.

3. Discharge can be increased

4. Constant velocity of the piston can be
ensured,

Select the correct answer using the codes given

below

(@) 1and 4

(c) 2and 4

(b) 1and2
(d) 1and3[ESE : 1995]

For attaining a non-overloading characteristic in

centrifugal pumps

(a) backward bent vanes are preferred over
forward bent vanes

(b) forward bent vanes are preferred over
packward bent vanes

(c) torward bent vanes are preferred over vanes
radial at outlet

(d) vanes radial at outlet are prelerred over
backward vanes [ESE : 1995]

Consider the following statements:

Cavitation in hydraulic machines occurs at

1. the exit of a pump

2. the entry of the pump

3. the exitof a turbine

Which of these statements are correct?

(a) 1and 2 (b) 1and 3

(c) 1,2and 3 (d) 2and 3 [ESE : 1995]

2.4 Assertion (A): With increase in discharge in a

single stage centrifugal pump the BHP goes on
increasing but beyond a certain discharge the BHP
starts decreasing.

2.5

2.6

2.7

2.8

Reason (R): Efficiency of the pump starts

decreasing beyond a certain discharge.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Ais false butR is true [ESE : 1995]

Consider the following statements:

If pump NPSHrequirements are not satisfied, then
1. itwill not develop sufficient head to raise water
2. Its efficiency will be low

3. itwill deliver very low discharge

4. it will be cavitated

Which of these statements are correct?

(a) 1,2and 3 (b) 1and 4
(c) 2, 3and 4 (d) 1,2.3and 4

[ESE : 1996]
A centrifugal pump is started with its delivery valve
kept
(a) fully open (b) fully closed
(C) partially open (d) 50% open

[ESE : 1997]

Assertion (A): Pump lifts water from a lower level

to a higher level

Reason (R): In pump, mechanical energy is

converted into pressure energy.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
nol the correct explanation of A

(c) Aistrue butRis false

(d) Ais false but R is true [ESE : 1997]

Given power P of a pump, the head H, the
discharge Q and the specific weight wof liquid,
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2.9

2.10

2.1

dimensional analysis would lead to the result that
Pis proportional to

(a) H'?QPw (b) H"ZQw

(c) HQ"Zw (d) HOw [ESE: 1998]

Consider the following statements regarding the

specific speeds of a centrifugal pump:

1. Specific speed is defined as the speed of a
geometrically similar pump developing unit
power under unit head.

2. At the same specific speed, the efficiency
IS greater with larger capacity.

3. The specific speed increases with increase
in outer blade angle.

4. The specific speed varies directly as the
square root of the pump discharge.

Which of these statements are correct?

(@) 1and 2 (b) 2and 4

(c) 3and 4 (d) 2and 3 [ESE : 1998]

Which of the following purposes are served by
the volute casing of a centrifugal pump?
1. Increase in the efficiency of the pump.
2. Conversion of part of the pressure head to
velocity head.
3. Giving uniform flow of the fiuid coming out
of the impeller.
Select the correct answer using the codes given
below:
(a) 1and2 (b) 1and3
(c) 2and 3 (d) 1,2and 3
[ESE : 1998]

Consider the following data for the performance
of a centrifugal pump:
Speed = 1200 rpm
Flow rate = 30 litres per second
Head = 20m
Power = 5 kW
If the speed is increased (o 1500 rpm, the power
will be nearly equal to
(a) 6.5 kW (b) 8.7 kW
(c) 9.8 kKW (d) 10.9 kW
[ESE : 1999]

2.12

213

2.14

2.15

Solved Papers

Consider the following pumps:

1. Centrifugal pump, single-stage

2. Centrifugal pump, multi-stage

3. Reciprocating pump

4, Jet pump

The pump(s) which can be used to lift water
through a suction head of 12 m from a well would
include

(@) 2only (b) 1,3and 4

(c) 4only (d) 1and3[ESE : 1999]
Hydraulic ram is a pump which works on the
principle of

(a) water hammer

(b) centrifugal action

(c) reciprocating action

(d) hydraulic press [ESE : 1999]

Which one of the following pairs of formulae
represents the specific speeds of turbine and
pump respectively? (Notations have their usual
meaning)

NQLallP"” MOV NPV
{E) Hglu 3nd 5|,-'.¢ tb} Hg,{.i, Hz,fd

o N NG

(d) Hsu Ha;d
[ESE : 2000]

Match List-1 (Outlet vane angle f,) with List-l|

(Curves labelled 1, 2 and 3 in the given figure)

for a pump and select the correct answer using
the code given below the lists:

(©) Hﬂ-'i and Lo

List-| List-11
A B, <90° 5 3
2
B. PB,=90°
Head :
C. Bp>90°
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Codes: Which of these statements are correct?
A B C (@) 1,2and3 (b) 1and?2
@1 2 3 () 2and3 (d) 1and 3 [ESE : 2000]
)1 3 2 2.17 Assertion (A): The efficiency of a pump is
€ 2 1 3 generally less than that of a turbine.
d3 2 1 [ESE : 2000] Reason (R): Although the losses in the two types

2.16 Consider the following statements regarding the

volute casing of a centrifugal pump:

1. Loss of head due to change in velocity is
eliminated.

2. Efficiency of the pump Is increased.

3. Water from the periphery of the impeller is
collected and transmitted to the delivery
pipe at constant velocity.

) Hydraulic Pumps
21 (b) 22 (3 23 (d) 24 (a) 25
2.10 (b) 211 (c)

Hydemilic Pumps
21 [0

The function of air-vessel are.
(1) On suction side
(i) To reduce acceleraling head. This will
reduced the total vacuum head, reducing
the possibility of separation and saving
In power required for supplying
accelerating head.
() Pump can be run on higher speed,
(n) Length ot suction pipe below the air
vessel can be increased.
(2) On delivery side
() To reduce the acceleraling head and
affecting in large amount of power
consumed in supplying the accelerating
head.
(i) A uniform rate of discharge is ensured.

212 (¢) 2.13 (a) 2.14 (d)

of machines are of the same kind, the losses In

pumps are more due to eddies and turbulence.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Ais true but R is false

(d) Ais false but R is true [ESE : 2000]
EEEE
(by 26 (b) 27 (a 28 (d 29 (b

2.15 (a 216 (c) 2.17 (a)

As shown in figure, in forward curved vanes head
increases with the discharge. Hence with forward
curves vanes (¢ > 90°) power input rises sharply,
with the discharge whereas in backward vanes
(6 < 90°), the power input decreases steadily with
the increases in discharge

23 [0

Cavitation occurs only under adverse pressure
gradient. This is possible on suction side of a
pump and exit side of turbine. The exit side of a
pump has always positive pressure.

(0

NPSH is defined as the head required to make
the liquid to flow through the suction pipe to the
impelier.

The NPSH should always be positive to keep away
the cavitation.

(b)

A centrifugal pump can be started with its delivery
valve fully closed.

28 [0

Power = pgQH = wHQ

&
i

Pa
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29 [0 2.14 [O
ST A Specific speed of turbine = A
At same specific speed, the efficiency is greater
pe P yisg N\[{j

with larger capacity.

(b)

In volute type of casing there is only a slight
increase in the efficiency of the pump, because
a considerable loss of energy takes place in
eddies developed in the casing.

By diffuser action into volute casing converts
most of kinetic energy the fluid discharged by
impeller into pressure energy.

2.11 [O
Condition-1
N, = 1200 rpm; Q, = 300 litre/s;
H,=20m; P, =5 kW

Condition-2
N, = 1500 rpm; P, =7
Power coefficient,
P
G pD°N?
(G = (C),
AR _._8
pD°N;  pDN3
i
Ny N
5 P

(1200  (1500)°
P,=9.76 kW = 9.8 kW

or
©

Since suction head is 12 m i.e. more than
atmospheric pressure, only jet pump can be
used to lift water under such situation.

(a)

The working of a hydraulic ram is based on the
principle of water hammer or inertia pressure
developed in the supply pipe .

Specific speed of pump = .

In a volute pump the impeller is surrounded by
a spiral shaped casing which is known as volute
chamber. The shape of the casing Is such that
the sectional area of flow around the periphery
of the impeller gradually increases towards the
delivery pipe. This increase in the cross-sectional
area results in developing a uniform velocity
throughout the casing.

In volute type of casing there is only a slight
increase in the efficiency of the pump, because
a considerable loss of energy takes place in
eddies developed in the casing.

(a)

Apart from common losses in turbine and pump,
the pump has additional friction and eddy losses
in diffusers.



3.1

3.2

3.3

3.4

A3

Assertion (A): No solid connection exists between

the driving shaft and the driven shaft.

Reason (R): Energy transfer is by the change in

moment of momentum.

(@) Both A and R are individually true and R Is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Alistrue butR is false

(d) Ais false but R is true [ESE : 1996]

Consider the following statements regarding

lorque converter

1. Ithas a stationary set of blades in addition to
the primary and secondaty rotors

2. It can be used for multiplication of torques.

3. The maximum efficiency of a converter is less
than that of a fluid coupling.

4. In a converter designed o give a large
increase of torque, the efficiency at smaller
speed ratio approaches unity.

Which of these statements are correct?

(@ 1,2 3and 4 (b) 1,2and 3

(c) 1,2and 4 (d) 3and4[ESE : 1997]

In contrast to fluid couplings, torque converters
are operated

(@) while completely filled with liquid

(b) while partially filled with liquid

(c) without liquia

(d) while completely filled with air [ESE : 1997]

Assertion (A): In a fluid coupling, hydrodynamic
transmission is done by pump and turbine.
Reason (R): Fluid coupling is a type of machine
in which fluid is used as a means of energy
iransfer

3.5

3.6

Miscellaneous Hydraulic Machines

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
nol the correct explanation of A

(c) Aistrue bul R is false

(d) Ais false but R is true [ESE : 1998]

It w, and @, represent the angular velocities of
driven and driving members of a fluid coupling
respectively, then the slip is equal to

_o 0
@ o, ® o,

Y %
© o, @ -5,

[ESE : 1999]

Consider the following statements regarding a

torque converter:

1. Its maximum efficiency Is less than that of
the fluid coupling.

2. It has two runners and a set of slationary
vanes interposed between them

3. It has two runners.

4. The ratio of secondary to primary torque is
zero for the zero value of angular velocity of

secondary.
Which of these statements are correct?
(@) 1and 2 (b) 3and4
(c) 1and 4 (d) 2and 4
[ESE : 2000]
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Miscellaneous Hydraulic Machines
31 (@ 32 () 33 (a) 34 (a 35 (a) 3.6 (b)

Miscellaneous Hydraulic Machines

(b) exists between the driving parts and the driven
parts. The oil in the housing transmits the moment
of momentum or torque from the pump impeller
to the turbine runner

Fluid coupling is a device used for transmission
of power through a liquid medium. A hydraulic
(or fluid) coupling consists of a pump impelier
which is attached to a driving shaft and a turbine (a)

runner attached to a driven shaft. These two units 1 _ angularvelocityof driven member
S|Ip = |-

are enclosed in a single housing which contains angular velocity of driving member
a liquid, usually oil because of its lubricating o,
power, availability and stability. No direct contact i o,



Air Compressors

(Reciprocating and Rotary)

4.1

4.2

4.3

4.4

A large clearance volume in reciprocating
compressor resuits in
(@) reduced volume flow rate
(b) increased volume flow rate
(c) lower suction pressure
(d) lower delivery pressure
[ESE : 1995]

In a reciprocating air compressor the compression
work per kg of air
() Increases as clearance volume increases
(b) decreases as clearance volume increases
(c) inindependent of clearance volume
(d) increases with clearance volume only of multi-
slage compressor
[ESE : 1995]

Consider the following statements
When air is to be compressed to reasonably high
pressure, it is usually carried out by mulli-stage
compressor with an intercooler between the stages
because
1. Work supplied is saved.
2. Weight of compressor is reduced.
3. More uniform torque is obtained leading to
the reduction in the size of flywheel.
4. Volumetric efficiency is increased .
Which of these statements is/are correct?
(a) 1alone (b) 2and 4
(c) 1,2and 3 (dy 1,2, 3and 4
[ESE : 1995]

The inlet and exit velocity diagram of a
turbomachine rotor are shown in the figure- and
figure-ll respectively

4.5

4.6

4.7

Fig. Il

The turbomachine is
(a) anaxial compressor with radial blades
(b) aradial compressor with radial blades
(c) aradial compressor with curved blades
(d) an axial compressor with forward curved
blades
[ESE : 1995]

In a centrifugal compressor assuming the same
overall dimensions, blade inlet angle and
rotational speeds, which of the following bladings
will be given the maximum pressure rise?
(a) Forward curved blades
(b) Backward curved blades
(c} Radial blades
(d) All three types of bladings have the same
pressure rise
[ESE : 1995]

In a centrifugal compressor, the highest Mach
number leading to shockwave in the fluid flow
occurs al
(a) diffuser inlet radius
(b) diffuser outlet radius
(c) impeller inlet radius
(d) impeller outer radius
[ESE : 1995]

Assertion (A): The work required per kg of air
flow/min. for axial flow compressor is lower than
that of centrifugal compressor for the same
pressure ratio.
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Reason (R): The isentropic efficiency of axial flow
compressor is much higher than that of a
centrifugal compressar.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true
[ESE : 1995]

4.8 The curve in the given figure shows the variation of
theoretical pressure ratio with mass of flow rate for
a compressor running at constant speed. The
permissible operating range of the compressor is
represented by the part of the curve from

L]

B
A
o c
8
§ D
€
Masslow E
(@ Ao B (b) Blo C
(c) BtoD (d) Do E
[ESE : 1995]
4.9 For a multi-stage compressor, the polytropic
efficiency is

(a) the efficiency of all stages combined together

(b) the efficiency of one stage

(c) constant throughout for all the stages

(d) adirect consequency of the pressure ratio
[ESE : 1996]

4.10 Which one of the following is the effect of blade
shape on performance of centrifugal compressor?
(a) Backward curved blade has poor efficiency
(b) Forward curved blade has higher efficiency
(c) Backward curved blades lead to stable
performance
(d) Forward curved blades produce lower
pressure ratio
[ESE : 1996]

4.11 Surging basically implies
(a) Unsteady, periodic and reversed flow
(b) Forward motion of air at a speed above sonic
velocity

Solved Papers

(c) The surging action due to the blast of air
produced in a compressor
(d) Forward movement of aircraft
[ESE : 1996]

4,12 Degree of reaction in an axial compressor is
defined as the ratio of static enthalpy rise in the
(a) rotor to static enthalpy rise in the stator
(b) stator to static enthalpy rise in the rotor
(c) rotor to static enthalpy rise In the stage
(d) stator to static enthalpy rise in the stage
[ESE : 1996]

4.13 The usual assumption in elementary compressor
cascade theory is that
(a) axial velocity through the cascade changes
(b) for elementary compressor cascade theory,
the pressure rise across the cascade is given
by equation of state
(c) axial velocity through the cascade does not
change
(d) with no change in axial velocity between inlet
and outlet, the velocity diagram is formed
[ESE : 1996]

4.14 Consider the following statements :
The volumetric efficiency of a compressor
depends upon
1. Clearance volume.
2. Pressure ratio.
3. Index of expansion.
Which of these statements are correct?
(a) 1and 2 (b) 1and 3
(c) 2and 3 (d) 1,2and 3
[ESE : 1996]

4.15 Which one of the following type of compressor is
mostly used for supercharging of |.C. engine
(a) Radial flow compressor
(b) Axial flow compressor
(c) Root blower
(d) Reciprocating compressor
[ESE : 1996]

4,16 Phenomenon of chocking in compressor means
(a) no flow of air
(b) fixed mass flow rate regardiess of pressure ratio
(c) reducing mass flow rate with increases in
pressure ralio
(d) increased inclination of the chord with air stream
[ESE : 1996]
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4.17 The heat rejection by a reciprocating air

compressor during the reversible compression
process AB, shown in the following temperature-
entropy diagram, is represented by the area:

(a) ABC (b) ABDE
(c) ABFG (d) ABFOE
[ESE : 1997]

4.18 Centrifugal compressors are suitable for large

discharge and wider mass flow range, but at a
relatively low discharge pressure of the order of
10 bars, because of
(@) low pressure ratio
(b) limitation of size of receiver
(c) large speeds
(d) high compression index
[ESE : 1997]

4.19 Given: ¥, = velocity of whirl at outlet

u, = peripheral velocity of the blade tips
The degree of reaction ina centrifugal compressor
IS equal to

V
(@) 1-—2 (b gt
20 P,
2V v
1—— "2 d) 1-—2
() m (d) m
[ESE : 1997)

4.20 Assertion (A): In axial flow compressors,

momentum blading is more efficient than radial
flow blading.
Reason (R): In radial flow blading, the pressure
head increases due to centrifugal head.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue butR is false
(d) Ais false but R is true
[ESE : 1997]

4.21 Afour-stage compressor with perfect intercooling

between stages, compresses air from 1 barto 16
bar. The optimum pressure in the last intercooler
will be
(a) 6bar (b) 8bar
(c) 10bar (d) 12 bar

[ESE : 1998]

4.22 In the centrifugal air compressor design practice,

the value of polytropic exponent of compression
18 generally taken as
(a) 1.2 (b) 1.3
(c} 1.4 (d) 1.5
[ESE : 1998]

4,23 The turbomachine used to circulate refrigerantin

large refrigeration plant is
(a) A centrifugal compressor
(b) A radial turbine
(c} An axial compressor
(d) Anaxial turbine
[ESE : 1998]

4.24 The energy transfer process is

(a) Continuous ina reciprocating compressor and
intermittent in an axial compressor

(b) Continuous in an axial compressor and
intermittent in a reciprocating compressor

(¢c) Continuous in both reciprocating and axial
COMPressors

(d) Intermittent in both reciprocating and axial
compressors

[ESE : 1998]

4.25 In an axial flow compressor stage, air enters and

leaves the stage axially. If the whirl component of
the air leaving the rotor is half the mean peripheral
velocity of the rotor blades, then the degree of
reaction will be
(a) 1 (b) 0.75
(c) 0.50 (d) 0.25

[ESE : 1998]

4,26 If an axial flow compressor is designed for

constant velocity through all stages, then the area
of annulus of the succeeding stages will
(a) Remain the same
(b) Progressively decrease
(c) Progressively increase
(d) Depend upon the number of stages
[ESE : 1998]
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4.27 What will be the shape of the velocity triangle at

the exit of a radial bladed centrifugal Impeller,
taking into account slip?
(a) Right-angled
(b) Isosceles
(c) All angles less than 90°
(d) One angle greater than 90°
[ESE : 1998]

4.28 Which one of the following statements is trug?

(@) In a multi-stage compressor, adiabatic
efficiency is less than stage efficiency

(b) Inamulti-stage turbine, adiabatic efficiency
is less than the stage efficiency

(c) Reheat factor for a multi-stage compressor
IS greater than one

(d) Reheat factor does not affect the multi-stage
compressor performance

[ESE : 1998]

4.29 At the eye tip of a centrifugal impeller, blade

velocity is 200 m/s while the uniform axial velocity
at the inlet is 150 m/s. If the sonic velocity is
300 m/s. Then the inlet Mach number of the flow
will be

(a) 0.50 (b) 0.66

(c) 0.83 (d) 0.87 [ESE: 1998]

4.30 Assertion (A): A reciprocating air compressor at

sea level would deliver a greater mass of air than

a compressor on a mountain.

Reason (R): The compressor ratings are given

for “free air”,

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is faise

(d) Ais false but R is true [ESE : 1998]

4.31 A three-stage reciprocating compressor has

suction pressure of 1 bar delivery pressure of 27
bar. For minimum work of compression, the
delivery pressure of first-stage is
(a) 14bar (b) 9bar
(c) 5.196 bar (d) 3bar [ESE:1999]

Solved Papers

4.32 Consider the following factors:

1. Cylinder size

2. Clearance ratio

3. Delivery pressure
4, Compressor shaft power

The factors which affect the volumetric efficiency
of a single-stage reciprocating air compressor
would include
(@) 1and 2
(c) 2and 3

(b) 3and 4
(d) 1and 4
[ESE : 1999]

4.33 In centrifugal compressor terminology, vaneless

space refers to the space between
(a) The inlet and blade inlet edge
(b) Blades in the impeller
(c) Diffuser exit and volute casing
(d) Impeller tip and diffuser inlet edge
[ESE : 1999]

4.34 If the static temperature rise in the rotor and stator

respectively are AT, and AT, the degree of
reaction in an axial flow compressor is given by

ATy AT,
[a} ATE (b} .ﬂTA - ﬂ.TE
{c} ﬂT‘ + ATE [d} ‘&T,ﬂ_
[ESE : 1999]

4.35 The capacity of an air compressor is specified as

3 m3min. It means that the compressor is

capable of

(a) supplying 3 m?of compressed air per minute

(b) compressing 3 m* of free air per minute

(c) supplying 3 m* of compressed air at NTP

(d) compressing 3m? of standard air per minute
[ESE : 2000]

4.36 A two-slage compressor takes in air al 1,1 bars

and discharges at 20 bars. For maximum
efficiency, the intermediate pressure is

(a) 10.55bars (b) 7.33bars
(c) 5.5bars (d) 4.7 bars
[ESE : 2000]

4,37 Which one of the following pairs of features and

compressors type is not correctly matched?
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(@) Vane compressor : Intake and delivery ports
compression is attained by back flow and
internal compression cylindrical rotor set to
eccentric casing

Reciprocating compressor : Intermittent
discharge requires receiver, produces high
pressure, slow speed and lubrication
problems

Centrifugal compressor : Continuous flow,
radial flow, handles large volume, much higher
speed and fitted into design of aeroengines
Axial flow compressor : Successive pressure
drops through contracling passages, blades
are formed from a number of circular arcs,
axial flow [ESE : 2000]

(b)

(d)

4.38 Consider the following statements:

4.39

4.40

The volumetric efficiency of a reciprocating
compressor can be enhanced by

1. heating the intake air.

2. decreasing the clearance volume.

3. cooling the intake air,

Which of these statements is/are correct?

(a) 1alone (b) 1and?2

(c) 2and 3 (d) 3alone [ESE: 2000]

Reciprocating compressors are provided with
(a) simple disc/plate valve

(b) poppetvalve

(c) spring-loaded disc valve

(d) solenoid valve [ESE : 2000]

Consider the following statements:
In centrifugal compressors, there is a lendency
of increasing surge when

441

-Mr Compressors (Reciprocating & Rotary)

4.1

4.10
4.19
4.28
4.37

4.2

411
4.20
4,29
4.38

4.4

4,13
4,22
4.31
4.40

4.5

4.14
4.23
4.32
4.41

(@
(c)
(@)
(@)
(d)

(c)
(@)
(b)
(€)
()

43 (d)
412 (c)
421 (b)
430 (b)
439 (a)

(b)
(b)
()
(d)
(b)

1. the number of diffuser vanes is less than the
number of impeller vanes.

2. the number of diffuser vanes is greater than
the number of impeller vanes.

3. the number of diffuser vanes is equal to the
number of impeller vanes.

4. mass flow is greatly in excess of that
corresponding to the design mass flow.

Which of these statements is/are correct?

(a) 1and4 (b) 2alone
(c) 3and 4 (d) 2and 4

[ESE : 2000]
In an axial flow compressor design, velocity

diagrams are constructed from the experimental

data of aerofoil cascades. Which one of the

following statements in this regard is correct?

(a) Incidence angle of the approaching air is
measured from the trailing edge of the blade

(b) &isthe deviation angle between the angle of
incidence and tangent 1o the camber line

(c) The deflection ¢ of the gas stream while
passing through the cascade is given by
#=0—0

(d) e is the sum of the angle of incidence and
camber less any deviation angle, i.e.,
E=i+0-8

[ESE : 2000)

EEEE
(a 46 (c) 47 (a 48 () 49 (c)
(d) 4.15 (c) 4.16 (b) 4.17 (b) 4.18 (a)
(a) 424 (b) 425 (b) 4.26 (b) 4.27 (c)
(c) 433 (d) 434 (b) 435 (b) 436 (d)

(c)
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The clearance volume is the space between piston
top and inner surface of the cylinder head. The
clearance volume reduces the capacity of the
compressor and volume flow rate.

c)
The compressor work depends upon the actual
volume of the air entering the compressor and
not the clearance volume. If the actual volume
entering lo the compressor is same with clearance
and without clearance volume, then the
compression work will be same.

d)

Advantage of multi-stage compression over

single stage compression;

1. The workdone per kg of air is reduced in
multi-stage compression with intercooler as
compared to single stage compression for
the same delivery pressure.

2. Itimproves the volumeltric efficiency for the
given pressure ratio.

3. Thesize of the two cylinder (j.e. high pressure
and low pressure) may be adjusted lo suil
the volume and prassure of the air.

4. It reduce the leakage loss considerably.

5. It gives more uniform torques and hence a
smaller size flywheel is required.

6. It provides effective lubrication because of
lower temperature range

7. It reduces the cost of compressor.

Backward curved blades are slightly better in
efficiency and are stable over a wide range of
flow. While forward curved blades are used for
higher pressure ratio.

4o 18

Al the impeller inlet radius, the air is deflected
through a certain angle before it passes into the
radial channel on the impeller vane. If the Mach
number at this point exceeds unity, shock wave
may be formed. The shock wave causes a rapid
increases in the losses.

Ahtmnmm{nodﬂmﬂng&ﬂotml

4.1 1O 47 [0

Isentropic efficiency of axial compressor = 85-88%
Isentropic efficiency of centrifugal compressor
equal to 70%

4.8 (B

§ Surping

(Unstable flow)

A a8 tg‘ls

E e

: )8

n ;
e E

Hence B-D represents stable operation of
COMPressor.

4.0 [0

Polytropic efficiency is a small-stage efficiency
and is defined as the isentropic efficiency of an
elemental stage of the compression which i
constant throughout the whole process.

©)

Backward curved blades are slightly better in
efficiency and are stable over a wide range of
flow. While forward curved blades are used for
higher pressure ratio.

(a)

Surging: When the delivery valve of compressor
Is just opened, there will be positive pressure
gradient and as a result of that there will be back
flow of air. Due to pulsating nature of flow, air
gets heated up. This is an unstable condition of
flow and called surging.

(©)

Enthalpy rise in rotor

. Enthalpy rise in the stage

(@)

\in
Volumetric efficiency =1 + C- C[&.]

[0
where, C = clearance volume ratio

n = index of expansion

p./p, = Pressure ratio
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©

As reciprocating compressors are bulky. They
are not used except for stationary installation and
radial and axial flow compressor are not suitable
due to problem of surging and high speed
required for operation.

Root blower is suitable for supercharging of IC
engine.

(b)

In chocking flow rate is maximum and pressure
ratio Is minimum.

(0)

Heal interaction is given by the area under the
T-s curve.

Th

Heat rejection, 60 = Area ABDE

418 [0

Centrifugal compressor have pressure ratio of
around 5 : 1 and suitable for high mass flow rates.

(a)

Degree of reaction

_ Pressurenise in the rotor
Pressurerise in the stage

W)+ -V
C(V-VE)+(uf - i)+ (VE - V)

For centrifugal compressor; no whirl at inlet or
radial discharge and constant velocity of flow

[y W
N [1 2::2]

(b)

| Stage |l Stage Il Stage IV Stage
- g 8 g g
b ™ b ) L+ a ] ia ]
I :
o4 'N

Hence intermediale pressure in the last intercooler
in 8 bar.

Large amount of vapour refrigerant at low pressure
Is required to handle in large refrigerant plant. Also
unlike reciprocating compressor, centrifugal
compressor is steady-flow device hence subjected
to less vibration and noise.

Q

Axial compressor is steady-flow compressor, thus
energy transfer process is continuous process.

®

V
FEL. P ( =_"f2_)
e W, =

(6

m = pAV, = Constant
with succeeding stage, density increases and

for velocity 1o be kept conslant, area should be
decreased.

(a)
Polytropic or stage efficiency is greater than
adiabatic efficiency.
Polytropic or small stage efficiency

T
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4.32 [0

AP, ) &
[1+ PD] -1 Volumetric efficiency (n, )
- ol Vn
- . | [P
| =‘*[f] B)
- i
A :
Expanding binomially and neglecting higher order P c[ P, ]""
k-1 AR P
_ k Py (k-1 n Hence volumetric efficiency depends upon
i n-1 AR _[ k )[nq) clearance ratio and pressure ratio.

AP
(c)n : =N o)

Velocity of air relative to the vane D.R. = Py crop e KN
Total enthalpy drop in the stage
Vi = U+ w’?
. GAT; AT,
= /(200 +(150)° = 250 m/s CoAT, +CpAT; AT, +ATg
_ Vv >
Mach number: M = c= 0.833 (b)
Capacity of air compressor is expressed in terms
(b) of free air delivery.
Al sea level the density of air is higher.
I (d)

4.31 [G) P,= JPP, =20x1.10 = 4.7 bar

Overall pressure ratio

= (pressure ratio in each stage)" (a)

where Nis number of
e Nis number of stage Two type of compressor valves are used |

27 [ [} ]3 (i) Plate type valve

1 A (i) Reed type valve
Pressure ratio in each stage -
440 o)
P. -
FE =(27)"=3 In centrifugal compressor, there is a tendency
1

for increasing the surge when mass flow rate is
less than the design mass flow rate and the
number of diffuser vanes is greater than the
number of impeller vanes.

Delivery pressure of first stage is
=P2=3P'. =3 % 1 =3bﬂr



Steam Turbines

5.1

9.2

5.3

The degree of reaction of a turbine is defined as
the ratio of
(a) slatic pressure drop 1o total energy transfer
(b) total energy transfer to static pressure drop
(c) change of velocity energy across the turbine
to the total energy transfer

(d) velocity energy 10 pressure energy

[ESE : 1995)

Among other things, the poor part-load perfomance
of De laval turbines is due to the
(@) formation of shock waves in the nozzle
(b) formation of expansion waves at the nozzle
(c) turbulent mixing at the nozzle exi
(d) increased profile losses in the rotor

[ESE : 1995]

Match List-l (Various velocities in the velocity
diagram of a two-stage impulse turbine) with
List-ll (Blade angles) and select the correct
answer using the codes given below the lists:
List-|

Relative velocity of steam at inlet tip of blade
Absolute velocity of steam at inlet tip of blade
Relative velocity of steam at outlet tip of blade
Absolute velocity of steam at outlet tip of
blade

List-1l

Nozzle angle

Moving blade leading edge angle

Moving blade trailing edge angle

Fixed blage leading edge angle

Codes:

oow >

-l Ao

A
(@ 1
b) 2
€ 2
d 1

W W & & 0
AW WD

[ESE : 1995]

5.4 The graph given in the figure represents the

variation of absolute velocity of steam along the
length of a steam turbine.
)

| A\ \/\
Distance from inlet
The turbine in question is
(a) Curtis turbine (b) De Lavalturbine

(c) Radialturbine (d) Parson'sturbine
[ESE : 1995]

5.5 Thecorrect sequence of the given steam turbines

in the ascending order of efficiency at their design
points Is
(2) Rateau, De Laval, Parson's, Curtis
(b) Curtis, De Laval, Rateau, Parson's
(c) De Laval, Curtis, Rateau, Parson's
(d) Parson's Curtis, Rateau, De Laval
[ESE : 1995]

5.6 Which one of the following relationship between

angles of fixed blades and moving blades
corresponds to that of Parson’s turbine
(@) o, =a, (b) o, =P,
(C) U = ﬂg (d) B1 . [i_ﬂ
[ESE : 1995]

5.7 The following data refers to an axial flow turbine

stage:
Relative velocity of steam al inlet to the rotor
= 79.0 m/s, Relative velocity at the rotor exit
= 152 m/s. The approximate degree of reaction is
(a) 0.9 (b) 0.8
(c) 0.7 (d) 0.6

[ESE : 1995]
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5.8

5.9

The clearance flow between the blade lips and

casing of a steam turbine is

(a) greater in the reaction turbine than in the
impulse type

(b) greater in the impulse turbine than in the
reaction type

(c) independent of type of the turbine

(d) independent of the size of the turbine

[ESE : 1995]

The lines abc and cd in the given graph are known
as

-

Steam flow (kg/)
L> |

'8

Ab

Py

=. -

a Turbine load (kW)

(a) Wilson's line (b) Willan's line
(c) S.C.line (d) Throttling line
[ESE : 1995]

5.10 Consider the following statements regarding the

nozzle governing of steam turbines:
1. Working nozzles receive steam at full
pressure.
2. High efficiency is maintained at all loads.
Slage efficiency suffers due to partial admission.
4. In practice each nozzle of the first stage is
governed individually.
Which of these statements are correct?
(@ 1,2and 3 (b) 1and 2
(c) 1,3and4 (d) 1,2and 4
[ESE : 1995]

w

5.11 Ratio of actual indicated work to hypothetical

indicated work in a steam engine is the

(a) Indicated thermal efficiency

(b) Friction factor

(c) Mechanical efficiency

(d) Diagram factor [ESE : 1996]

5.12 Running speeds of steam turbine can be brought

down to practical limits by which of the following
method (s)?

1. By using heavy flywheel.

2. By using a quick response governor.

Solved Papers

3. Bycompounding.
4. By reducing fuel feed to the furnace.
(a) 3alone (b) 1,2, 3and 4
(c) 1.2and 4 (d) 2and 3
[ESE : 1996]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais frue but R is false
(d) Aisfalse but R is true

5.13 Assertion (A): The speed of governed turbine is
constant irrespective of load
Reasons (R): In governing, the steam supply is
regulated to maintain the speed
[ESE : 1996]

5.14 Assertion (A): In the case of reaction turbines
for power plant applications, a large number of
stages is commaon in practice
Reasons (R): A pressure drop takes place in the
moving blade in a reaction turbine unlike an
impulse turbine, where pressure remains constant
across the moving blade.

[ESE : 1996]

5,15 The net result of pressure-velocity compounding
of steam turbine is:
(a) Less number of stages
(b) Large turbine for a given pressure drop
(c) Shorter turbine for a given pressure drop
(d) Lower friction loss [ESE : 1997]

5.16 Given V, = Blade speed
V = Absolute velocity of steam entering the
blade
a = Nozzle angle
The efficiency of an impulse turbine is maximum
when
(@ V,=05Vcosa (b) V,=Vcosa
(€) V,=05VZcosa (d) V,=Vcosa
[ESE : 1997]
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5.17 An impulse turbine produces 50 kW ol power
when the blade mean speed is 400 m/s. The rate
of change of momentum tangential to the rotor is
(a) 200N (b) 175N
(c) 150N (d) 125N [ESE: 1997]

5.18 At a particular section of a reaction turbine, the
diameter of the blade is 1.8 m, the velocity of
flow of steam is 49 m/s and the quantity of steam
flow is 5.4 m¥/s. The blade height at this section
will be approximately:
(@) 4cm
(c) 1em

(b) 2¢m
(d) 0.5cm [ESE: 1997

5.19 Consider the following statements:
It steam is reheated during the expansion through
turbine stages
1. Erosion of blade will decrease.
2. The overall pressure ratio will increase.
3. Thetotal heat drop will increase,
Which of these statements are correct?
(@ 1,2and3 (b)y 1and 2
(c) 2and 3 (d) 1and 3 [ESE : 1997]

5.20 In a Rankine cycle, with the maximum steam
temperature being fixed from metallurgical
consideration, as the boller pressure increases
(a) the condenser load will increase
(b) the quality of turbine exhaust will decrease
(c) the quality of turbine exhaust will increase
(d) the quality of turbing exhaust will remain

unchanged
[ESE : 1997]

Direction: Each of the next questions consists of two
statements, one labelled as the "Assertion (A)' and
the other as 'Reason (R)'. You are to examine these
two statements carefully and select the answers to these
itlems using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Aisfalse but R is true

5.21 Assertion (A): The work done in Parson’s reaction
turbine is twice the work done during expansion
in the moving blades.

Reason (R): The steam expands both in the
moving as well as in the fixed blades in a reaction
turbine and in the Parson's turbine, the fixed and
moving blades are identical.

[ESE : 1997]

5.22 Assertion (A): The purpose of employing reheat
in a steam power plant is mainly to improve ils
thermal efficiency.

Reason (R): The use of regeneration in a steam
power plant improves the efficiency.
[ESE : 1998]

5.23 Assertion (A): Reaction turbines are not built on
pure reaction principle.
Reason (R): Pure reaction is difficult to realize in
practice.
[ESE : 1998]

5.24 Assertion (A): Work output per stage of an
impulse turbine is double that of a 50% reaction
stage at the same speed.

Reason (R): Maximum speed ratio is limited for
any class of turbine.
[ESE : 1998]

5.25 In an impulse-reaction turbine stage, the heat
drop in fixed and moving blades are 15 kJ/kg and
30 kd/kg respectively. The degree of reaction for

this stage will be
(a) 1/3 (b) 1/2
(c) 2/3 (d) 3/4

[ESE : 1998)

5.26 If Dis the diameter of the turbine wheel and Uis
its peripheral velocity, then the disc friction loss
will be proportional to
(@) (DU)?

(c) D3P

(b) D2 UL°
(d) DU*
[ESE : 1998]
5.27 The compounding of steam turbines is done to
(a} Improve efficiency
(b) Reduce turbine speed

(c) Increase blade speed ratio
(d) Reduce axial thrust [ESE : 1999]

5.28 Match List-I (Different turbine stages) with List-I
(Turbines) and select the correct answer using the
codes given below the lists:

List-|
A. 50% reaction stage
B. Two-stage velocity compounded turbine
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C. Single-stage impulse 5.32 Consider the following processes :
D. Two-stage pressure compounded turbine 1. Constant pressure heat addition
List-lI 2. Adiabatic compression
1. Rateau 3. Adiabatic expansion
92  Parson 4. Constant pressure heat rejection
3. Curtis The correct sequence of these processes in
4. De-lLaval Rankine cycle is:
5. Hero (@ 1,2,3.4 (b) 2,1,43
Codes: (c) 2,1,3,4 (d) 1,2,4,. 3
A B C D [ESE : 1999]
EE}] : ;_ s ? 5.33 The reheat cycle in steam power plant is mainly
© 2 - 4 ' adopted to N
d 3 : 4 2 (ESE : 1999) (a) Improve thennal_eﬁlmency
(b) Decrease the moisture content in low pressure

5.29 The expression for the maximum efficiency of a stages to a safe value
Parson’s turbine is (o is the angle made by (c) Decrease the capacity of condenser
absolute velocity at inlet) (d) Recover the waste heat of boiler
@) cos’ 5 2+c08° [ESE : 1999]

2[1+cus? “) 2008’ @ 5.34 Assertion (A): Parson turbine has a degree of
2c0s o 200s? o reaction equal to 50%.
(© 1+ cos® o (d) 1+ CoS? o Reason (R): It is a reaction turbine with
[ESE : 1999] symmetrical fixed and moving blades.

5.30 Consider the following statements regarding . iﬁz;"in:;::n;ﬁ;ﬂr:{w sl
effects of re-heating of steam in a steéam turbine: e tT .
1. ltincreases the specific output of the turbine. (b) Both A'and R are mdlwquajly tue ButRis

nol the correct explanation of A

2. Itdecreases the cycle efficiency.
3. ltincreases blade erosion.
4. Itimproves the quality of exit steam.

(c) Ais true but R is false
(d) A is false but R is true [ESE : 1999]

Which of these statements are correct? 5.35 Partial admission steams turbine refers to the

(@) 1and?2 (b) 2and 3 situation where the

(c) 3and4 (d) 1and4[ESE: 1999] (a) steam is admitted partially into the blades
through nozzles

5.31 Consider the following statements:

The efficiency of the vapour power Rankine cycle (b) nozzles occupy the complete circumference

can be increased by leading into the blade annulus

1. Increasing the temperature of the working fiuid (c) nozzles do not occupy the complete
at which heat is added. circumference leading into the blade annulus

2. Increasing the pressure of the working fluid (d) steam is admitted partially into the blades
at which heat is added directly

3. Decreasing the temperature of the working [ESE : 2000]

fluid at which heat is rejected.

5.36 Consider the following statements regarding a
Which of these statements is/are correct?

100% reaction turbine:
(@) 2and3 (0) 1only 1. Change in absolute velocity of steam across

() 1and2 (d) 1.2and3 the moving blades is zero.
[ESE : 1999]
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2. Change in absolute velocity of steam
across the moving blades is negative.

3. Enthalpy drop in fixed blades is zero.

Which of these stalements is/are correct?

(@) 1only (b) 2only
(c) 2and 3 (d) 1and 3
[ESE : 2000]
5.37 Which one of the following pairs is not correctly
matched?

(a) Internal efficiency : Product of stage

of steam turbine  efficiency and re- heat
factor
(b) Stage efficiency : Ratio of adiabatic
of a turbine heat drop to the
Isentropic heat drop per
slage
(c) Drynessfraction : Decreasesdueto
of steam withina  reheating
slage
(d) Steamcondensa- : Enhances blade
tion during erosion
expansion through
the turbine [ESE : 2000]

5.38 Velocity triangle for a reaction turbine stage is
shown in the given figure. (AB = v, = absolute
velocity at rotor blade inlet; CB=w, = relative
velocity at rotor blade inlet; CE = w, = relative
velocity at rotor blade exit and CD = CB)

The ratio of reaction force to impulse force is
(a) CE/CB (b) CDICE
(c) De/BD (d) AE/AB
[ESE : 2000]

5.39 Consider the following statements:
1. Throttle governing improves quality of steam
in the last few stages.
2. Internal efficiency of steam is not seriously
affected by throttle governing.
3. Throttle governing is better than nozzie
governing.

Which of these statements are correct?
(a) 1,2and 3 (b) 1and 3
(c) 2and 3 (d) 1and 2
[ESE : 2000]

5.40 Which one of the following statements is correct?
(a) Reheat factor is zeroif efficiency of the turbine
is close to unity.
(b) Lower the efficiency, higher will be the reheat
factor.
(c) Reheat factor is independent of steam
conditions at turbine inlet.
(d) Availability of reheat is higher at low pressure
end.
[ESE : 2000]

5.41 In a steam power plant, the ratio of the isentropic
heat drop in the prime mover to the amount of
heat supplied per unit mass of steam is known as
(a) stage efficiency
(b) degree of reaction
(c) Rankine efficiency
(d) relative efficiency

[ESE : 2000]

5.42 Consider the following statements:
The reheat cycle helps to reduce
1. fuei consumption
2. steam flow
3. the condenser size
Which of these statements are correct?
(a) 1and?2 (b) 1and3
(c) 2and 3 (d) 1,2and 3
[ESE : 2000]

5.43 Assertion (A): Modern turbines have velocity
compounding at the initial stages and pressure
compounding In subsequent stages.

Reason (R): Excessive tip leakage occurs in the

high pressure region of reaction blading.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Ais false but R is true

[ESE : 2000]
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LLITEIEM Steam Turbine
51 () 562 (@ 53 (c) 54 (d) 55 (b) 56 (b) 5.7 (d) 58 (a) 659 (b)
510 (@ 511 (d) 512 (a) 5.13 (c) 5.14 (b) 5.15 (b) 5.16 (a) 5.17 (d) 5.18 (b)
5.19 (d) 520 (b) 521 (a) 5.22 (d) 523 (a) 524 (b) 525 (c) 526 (c) 5.27 (b)
528 (c) 529 (d) 530 (d) 531 (d) 532 (c) 533 (b) 534 (a) 535 (a) 5.36 (d)
537 (c) 538 (c) 539 (d) 540 (b) 541 (a) 542 (a) 543 (d)

Explanaions [ORRN

18 55 18
2 1
{‘&H}pseﬁlrﬂl;lc {Biade) Simple impulse 1 :ﬂs :
= {ﬂH} P {QH] 51@5 \ cosin ) ]
sen (nozzie) isen (Blade) - s’& | ' '\ 50% reaction
We know that . I turbine
[’jmﬁaﬁﬁ (nozzle) = C:l? _q’cs k"”kg Efln::lmy i
2n, i
C: -oC; |
(AH)son @age) = —5——kJ/kg |
2n, i
where, C, and C, is absolute velocity for nozzle - L.
_ p (Speed ratio)
C, and G, is relative velocity of blade (b}
¢ = carry-over efficiency For Parson’s turbine -
o =B,
o, = P,

Due to increase in back pressure a shock is formed
5.8 [0

in divergent nozzle,
The leakage loss between the blade tips and the

casing, Is greater in reaction turbine than in
impulse turbine due 1o the pressure difference
across the clearance passage.

5.9 [0
The general relation of Willians' line is,
o= Sﬂ + kP
where S, is the steam consumption when the
where o, =Nozzle angle turbine is giving zero output. S is the steam
B, = Moving blade leading edge angle consumption when the turbine is developing the
B, = Moving blade trailing edge angle power Pand k is a constant

o, = Fixed blade leading edge angle
r G 4 g (ﬂ)

W (d)
In Parson reaction turbine
i

Nozzle control governing is more efficient method
of governing compared with throttie governing
yo—— specially at part loads, The principle of nozzle
\'\ Rotor | | stator control governing is that according to the load
Stator \ . on the turbine the steam supply is varied by
i z means of nozzle.
/ \ka The nozzles are made up in sets, each set being

Velodity controlied by a separate valve

- -
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(d)

Diagram factor

Area of actualy indicator diagram
~ Area of hypothetical indicator diagram

(a)

By compounding the steam in large number of
stages, running speeds of steam turbine is
brought down so that it can match the
synchronous speed of generalor.

5.13(0)

Governing is done by nozzie and in throttie
governing steam supply is nol reguiated

(6)

As we do compounding, a large number of stages
are required for an optimum speed,

@

For maximum efficiency of impulse turbine
u cosa,

¥ 2

u=0.5YV, cosa,

(@)
Power = Fx V

~ 50x1000
T 400

L

(b)

O —_ AH={"DhJVIr
54 = (nx1.8xh)49
h=002m=2¢cm

(d)

The overall pressure ratio will be constant in
rehealing.

®

As the boiler pressure increases, quality of the
steam at the exit of the turbine decreases.

(a)

In Parson’s reaction turbine, both fixed and
moving blades are identical, work done by fixed
and moving blades are equal. Due to this, total
workdone is equal to the twice the work done
by moving blades or fixed blades.

=125 N

(d)

The purpose of employing reheat in a steam
power plant is mainly to improve quality of steam
at the exit of the turbine and net work output of
the turbine.

Enthalpy drop in moving blade

K% Total enthalpy drop in the stage
__0 _2
T 30415 83
(b)

Steam expanding from modern boiler pressure
of 170 bar and 500°C temperature to the
condenser pressure 0.1 bar, will have velocity
of about 1654 m/s meaning a blade speed of
820 m/s. Such a speed is far beyond the
maximum allowable safety limit because this
value of velocity used in small machine would
give high speeds of rotation of the order of
30000 rev/min. High rotational speed means
high stresses. To overcome these difficulties
impulse turbine 1s compounded for pressure
and velocity.

(c)

Single stage impulse turbine or pure impulse
lurbine is known as De-lavel turbine and 50%
reaction turbine is known as Parson’s reaction
turbine. Pressure compounded impulse turbine
IS known as Hateau staging and velocity
compounded impulse turbine is known as Curtis
slaging.

Maximum efficiency of Parson’s turbine is

2¢0s° o
14 cos’ o

11"1'1&! =

(d)

Reheating increases the work ratio and increases
specific work output and decreases the effect of
components losses, it also improves the quality
of exit steam,
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I (d) (d)

{ Degree of reaction

_ Enthalpy dropin moving blade

- total entalpy drop
for 100% degree of reaction
Total enthalpy drop = Enthalpy drop in moving
blade.
Hence enthalpy drop in fixed blade is zero
Now when change of absolute velocity of steam
across the moving blades is zero. Then total work

T. Constant pressure done by turbine is equal to change in relative
g “d:"'m K.E. in moving blade then degree of reaction will
be 100%.
Isentropic
z e 557 [

4 Reheating increase dryness fraction of steam

l;mtmnm Constant Pressure within a stage.

compression  haat rejection

-

5

(b) Nozzle control governing is more efficient method
Reheat is employed to improve dryness fraction. of governing compared with throttle governing
( l}_ specially at part loads
Fixed and moving blades are symmetrical in (b)
Parsan.tturhu:e- : . For multi-stage steam turbine:
exit angle of moving blade :
| | mmu f
= exit angle of fixed blade and Reheat factor = Glu = ‘aF“"E E;szd o
inlet angle of fixed blade o L
= inlet angle of moving blade It depends on:
», Parson turbine has a degree of reaction equal (i) stage efficiency
to 50% {ii) iniial pressure and condition of steam
(a) (i) final pressure
In partial admission, steam is admitted through Itincreases with the increase in number of
sector and not througout the full set of nozzles. from 1.02 10 1.06

(@)

Condenser size decreases due 10 regeneration
not reheating.
(111



6.1 Consider the following statements with reference
1o gas turbine cycle
1. Regeneration increases thermal efficiency.
2. Reheating decreases thermal efficiency.
3. Cycle efficiency increases when maximum
temperature of the cycle is increased.
Which of these statements are correct?
(@ 1,2and3 (b) 2and 3
(c) 1and 2 (d) 1and 3
[ESE : 1995]

6.2 The given figure shows four plots A, B, C and D of
thermal efficiency against pressure ratio

A

—_— | — - '.

Iy {Frasﬁura mti;} |
The curve which represents that of a gas turbine
plant using Brayton (without regeneration) is the

one labelled
(@) A (b) B
) C (d) D

[ESE : 1995]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two statements carefully and select the answers to these
tems using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue butR is false
(d) Aisfalse but R is true

6.3

6.4

6.5

6.6

6.7

A ¢

Assertion (A): The thermal efficiency of gas
lurbine plants is higher compared to diesel plants
Reason (R): The mechanical efficiency of gas
turbines is higher compared to diesel engines
[ESE : 1995]

Assertion (A): Gas turbines use very high air fuel
ratio.

Reasons (R): The allowable maximum
temperature at the turbine inlet is limited by
available material considerations. [ESE : 1995]

Assertion (A): In a gas turbine, reheating is
preferred over regeneration to yield a higher
thermal efficiency.

Reasons (R): The thermal efficiency given by the
ratio of the difference of work done by turbine
(W) and work required by compressor (W) to
heat added (Q,) is improved by increasing the
W, keeping W, and Q, constant in reheating,
whereas in regeneration Q, is reduced keeping
W, and W, constant. [ESE : 1996]

The optimum intermediate pressure p, for a gas
turbine plant operating between pressure limits
p, and p, with perfect undercooling between the
two stages of compression (with identical
isentropic efficiency) Is given by

(a) p; = pg - Py

(b) p,= % (b, + P,)

(c) p,= Jprﬂp
(d) p= Jpi+pf [ESE : 1996]

In a gas turbine cycle, the turbine output Is
600 kJ/ka, the compressor work is 400 kJ/kg and
the heat supplied is 1000 kd/kg. The thermal
efficiency of this cycle is
(a) 80% (b) 60%
(c) 40% (0) 20%

[ESE : 1997]
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6.8

6.9

In a single-stage open-cycle gas turbine, the

mass flow through the turbine is higher than the

mass flow through compressor, because

(a) the specific volume of air increases by use
of imercooler

(b) the temperature of air increases in the reheater

(c) the combustion of fuel takes place in the
combustion chamber

(d) the specific heats at constant pressure for
incoming air and exhaust gases are different

[ESE : 1997]

The given figure shows the effect of the
substitution of an isothermal compression process
for the isentropic compression process on the gas
turbine cycle. The shaded are (1-5-2-1) in the p-V
diagram represents:

Specfic Volume, V
(@) reduction in the compression work
(b) reduction in the spegcific volume
(c) incrementin the compression work
(d) increment in the specific volume
[ESE : 1997]

6.10 A gas turbine develops 120 kJ of work while the

compressor absorbed 60 kJ of work and the heat
supplied is 200 kJ. If a regenerator which would
recover 40% of the heat in the exhaust were used,
then the increase in the overall thermal efficiency
would be:

(a) 10.2% (b) 8.6%

(c) 69% (d) 5.7% [ESE: 1997]

6.11 Which one of the thermodynamic cycles shown

in the following figures represents that of Brayton
cycle?

i
T

P=C

(@) P=C

(b) Jue

“3

(d)

[ESE : 1997)

Direction: Each of the next questions consists of two
statements, one labelled as the ‘Assertion (A)' and
the other as 'Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) A is false but R is true

6.12 Assertion (A): The thermal efficiency of a gas
turbine plant is low as compared to that of
reciprocating IC engines.

Reason (R): In a gas turbine plant, the maximum
pressure and temperature are low when compared
1o those of reciprocating IC engines.

[ESE : 1997]

6.13 Assertion (A): In gas turbines, regenerative
heating always improves the efficiency unlike that
in the case of rehealing.

Reason (R): Regenerative heating is isentropic.
[ESE : 1998]



Turbo Machinery 161

6.14 A gas turbine works on which one of the following

cycles?
(@) Brayton (b) Rankine
(c) Stirling (d) Otto
[ESE : 1998]

6.15 Reheating in a gas turbine
(@) Increases the compressor work
(b) Decreases the compressor work
(c) Increase the turbine work
(d) Decreases the turbine work
[ESE : 1998]

6.16 Consider the following statements relating to a
closed gas turbine cycle:

1. The cycle can employ mono-atomic gas like
helium instead of air to increase the cycle
efficiency if other conditions are the same.

2. The efficiency of heat exchanger increases
with the use of helium.

3. The turbine blades suffer higher corrosion

damages.
4. Higher output can be obtained for the same
size.
Which of these statements are correct?
(@ 1,2and3 (b) 1.2and 4
(c) 2,3and 4 (d) 1,3and4
[ESE : 1999]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)" and
the other as ‘Reason (R)'. You are to examine these

two statements carefully and select the answers (o these

items using the codes given below:

Codes:

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue but R is false

(d) Ais false but R is true

6.17 Assertion (A): The thermal efficiency of Brayton
cycle with regeneration decreases as the
compressor ratio increases.

Reason (R): As the compression ratio of
compressors increases, the range of temperature
in the regenerator decreases and the amount of
heal recovered reduces.

[ESE : 1999]

6.18 Assertion (A): The thermal efficiency of Brayton
cycle would not necessarily increase with reheat.
Reason (R): Constant pressure lines on the T-s
diagram slightly diverge with increase in entropy.

[ESE : 2000]

6.19 Assertion (A): The air-fuel ratio employed in a
gas turbine is around 60 : 1.
Reason (R): A lean mixture of 60 : 1 in a gas
turbine is mainly used for complete combustion.

[ESE : 2000

6.20 The efficiency of a simple gas turbine can be
improved by using a regenerator, because the
(a) work of compression is reduced
(b) heat required o be supplied is reduced
(c) work output of the turbine is increased
(d) heatrejectedis increased [ESE : 2000]
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Gas Turbines
6.1 (& 62 (b) 63 (d 64 (b) 6.5
6.10 (a) 6.11(c) 6.12 (b) 6.13 (c)
6.19 (c) 6.20 (b)

Gas Turbines
o

For gas turbine plant using Brayton cycle.

Answers

[
U™
S S B e s
0 12 345 67
r, (pressure ratio)

Basically air to fuel-ratio is high for gas turbine
to create cooling medium in the combustion
chamber.

6.5 (0

Reheating yields thermal efficiency only when it
IS conjunction with a heat exchanger, i.e a
regenerator although it does not improve the work-
output.

6.7 [C)

Net work = Turbine work — Compression work
= 600 - 400 = 200 kJ/kg

Net work 2
Heat added

200
1000

Thermal efficiency = 100

x 100 = 20%

After the compression of air, same amount of fuel
IS added in the combustion chamber which
undergoes combustion. After combustion the fiue
gases are expanded in the turbine which is more
than the mass flow rate of only air in the
COmMPressor.

6.14 (a)

66 (c) 67 (d 68 (c) 6.9 (a)

6.156 (c) 6,16 (b) 6.17 (a) 6.18 (b)
6.9 [E)

| Saving in work

g

1\

Specific Volume, v
By compressing the air isothermally, less work
input is required as compared 1o isentropic
compression. Hence the area between these two
process represents the saving in the work.

(a)

Case-l. Simple cycle

W,=120kJ; W, =60kJ

Q,. = 200 kJ
11 - WT—WE_‘llE{}“ED
" Qg 200

= 0.30 = 30%

Heatrejected,Q, , = Q. —(W,- W)
= 200-(120-60) = 140 kJ
Case-ll: Cycle with regeneration
Heat recovered:
Q5 =40%0of Q,
= 0.40 x 140 = 56 kJ
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(0)
Advantages of closed cycle gas turbine
(1) It is possible to use a gas having more
favorable properties than air, cycle efficiency
depends upon yso gases having high value
of y can be used like helium (y = 1.67).
Helium has the further attraction of a much
_ higher thermal conductivity than air resulting
Heat supplied: in the use of small heat exchanger.
gy =20 =8 = 1430 (2) A cycle operates with a limited amount of
e Wy -W, _120-60 clean fluid (air), The compressor and turbine
Q-a 144 blades are free from deposits of dirt and
= 0.4166 = 41.66% dust.
Increase in efficiency (3) More output with higher thermal efficiency.
Ty~ iy, = 41.66 =30 = 11.66% (4) Any type of fuel can be used such as coal,

(ﬂ) oll, gas, nuclear, solar or stored energy.

Brayton cycle consists of two reversible isobaric (a)
and two reversible adiabalic processes. The efficiency of Brayton cycle with regeneration

(c)

In gas turbine regeneration improves the

e =
= 1_?[ﬂn.{rp} Y

e
efficiency due to less heat supplied for the same - - -
PP where = Compression ratio
outpul.
The regeneration is done at constant pressure. for fixed =~ the cycle efficiency decreases with
max
(c) increase in compressor ratio.
hi

A highly lean mixture is used to produce cooling
effect in combustion chamber.

S0 temperature of flue gas at inlet of turbine will
be within limit.

(b)

The efficiency of the turbine can be increased by
utilizing part of the energy of the exhaus!t gas
from the turbine in heating up the air leaving the
compressor in a heat exchanger called
regenerator, there by reducing the amount of heat
supplied from an external source and also the
amount of heat rejected.

Gy



Jet Propulsion and

Compressible Flow

1]

7.2

7.3

7.4

Consider the following statements:
As compared to turbo-prop, a turbo-jel
1. canoperate at higher attitudes.
2. can operate at higher flight velocities
3. is more fuel efficient at lower speeds
Which of these statements are correct?
(@ 1,2and 3 (b) 1and?2
(c) 2and 3 (d) 1and3
[ESE : 1995]

Propulsion efficiency of a jet engine is given by
(where u is flight velocity and V is jet velocity
relative to aircraft)

2u V+u

& v ©

2u V-u

© vre € 2n
[ESE : 1995]

Under which one of the following sets of conditions
will a supersonic compressor have the highest
efficiency?

(a) Rotor inlet velocity is supersonic and exit
velocity subsonic; stator inlet velocity is
subsonic and exit velocity is subsonic

(b) Rotor inlet velocity is supersonic and exil
velocity subsonic; stator inlet velocity is
supersonic and exit velocity is subsonic

(c) Rotor inlet velocity is supersonic and exil
velocity supersonic; stator inlet I1s supersonic
and exit velocity is subsonic.

(d) Rotor inlet velocity |s supersonic and exit
velocity supersonic; stator inlet velocity is
subsonic and exit velocity is subsonic.

[ESE : 1995]

The critical value of Mach number for a subsonic
airfoil is associated with sharp increase in drag
due to local shock formation and its interaction
with the boundary layer. A typical value of this
critical Mach number is of the order of

7.5

7.6

(@) 0.4t00.5 (b) 0.75t00.85
(c) 1.1101.3 (d) 1.51020
[ESE : 1995]

A supersonic aircraft is ascending at an angle of
30° to the horizontal. When an observer at the
ground hears its sound, the aircraft is seen at an
elevation of 60° to the horizontal. The flight Mach
number of the aircraft is

Zone of Silence

Obsarver

(b) J3/2
(d) 2

(@) 2/\J3
(c) 1/2
[ESE : 1995]

Assertion (A): In the subsonic range the
propulsive efficiency of a rocket is less than that
of a turbo-jet
Reason (R): The jet velocity of rocket is
independent of forward motion.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue bul R is false
(d) Ais false but R is true
[ESE : 1995]
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7.7 Consider the following statements:
In open cycle turbo-jet engines used in military
aircraft, reheating the exhaust gas from the turbine
by Burning more fuel is used to increase
1. Thrusl
2. The efficiency of engine.
3. Therange of aircraft.
Which of these statements are correct?
(@) 1and 3 (b) 1and 2
(c) 2are3 (d) 1,2and 3
[ESE : 1996]

7.8 Inaturbo-jet engine, subsequent to heat addition
to compressed air, fo get the power output, the
working substance is expanded in
(a) turbine blades, which is essentially an

isentropic process
(b) turbine blades, which is polytropic process
(c) exit nozzle, which is essentially in isentropic

process
(d) exit nozzle, which is a constant volume
process [ESE : 1996]

7.9 Consider the following statements relating to

rocket engines:

1. The combustion chamber in a rocket engine
is directly analogous to the reservoir of a
supersonic wind tunnel.

2. Stagnation conditions exist at the combustion
chamber.

3. The exit velocities of exhaust gases are much
higher than those in jet engines.

4. Efficiency of rocket engines is higher than that

of jet engines.
Which of these statements are correct?
(@ 1,3and 4 (b) 2,3and 4
(c) 1,2and 3 (d) 1,2and 4
[ESE : 1996]

7.10 Only rocket engines can be propelled to space
because
(a) they can generate very high thrust
(b) they have high propulsion efficiency
(c) these engines can work on several fuels
(d) they are not air-breathing engines.
[ESE : 1996]

7.11 Consider the following statements :
Across the normal shock, the fluid properties
change in such a manner that the
1. Velocity of flow is subsonic.
2. Pressureincreases.

3. Specific volume decreases.
4. Temperature decreases.
Which of these statements are correct?

(a) 2, 3and 4 (b) 1,2and 4
(c) 1,3ared (d) 1,2and 3
[ESE : 1996]

1.12 For oblique shock, the downstream Mach number
(a) is always more than unity
(b) is always less than unity
(c) may be less or more than unity
(d) cannever be unity [ESE : 1997]

7.13 Consider the following statements about a rocket
engine:
1. It Is a very simple in construction and
operation.
2. Itcan attain very high vehicle velocity.
3. Itcanoperate for very long duration.
Which of these statements are correct?
(@) 1and 3 (b) 1and 2
(c) 2and 3 (d) 1,2and 3
[ESE : 1997]

7.14 Fanno line flow is a flow in a constant area duct

(a) with friction and heat transfer

(b) with friction and heat lransfer and
accompanied by work

(c) with friction but in the absence heat transfer
orwork

(d) without friction but accompanied by heat
transfer and work [ESE : 1997]

7.15 Rayleigh line flow is a flow in a constant area duct
(a) with friction but without heat transfer
(b) without friction but with heat transfer
(c) with both friction and heat transfer
(d) without either friction or heat transfer
[ESE : 1997]

Direction: Each of the next questions consists of two
statements, one labelled as the 'Assertion (A)' and
the other as ‘Reason (R)'. You are to examine these
two statements carelfully and select the answers to these
items using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue but R is false
(d) Ais false but R is true
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7.16 Assertion (A): Compared to a lurbo-jet enging, a
turbo-prop engine has a higher power for take-off
and higher propulsive efficiency at low speeds.
Reason (R): By mounting the propeller on the
turbine shaft, the propeller can be run at a very
high speed to obtain higher efficiency,

[ESE : 1997]

7.17 Assertion (A): In the case of Fanno line flow, in
the subsonic region friction causes irreversible
acceleration.

Reason (R): In the case of Fanno line flow,
decrease in entropy is not possible either for
supersonic or subsonic flows.

[ESE : 1997]

7.18 The prime parameter causing change of state in
a Fanno flow is

(a) Heat transfer (b) Areachange
(c) Friction (d) Buoyancy
[ESE : 1998]

7.19 In a normal shock in a gas, the
(a) upstream flow is supersonic
(b) upstream flow is subsonic
(c) downstream flow is sonic
(d) both downstream flowand upstream flow are
supersonic
|ESE : 1998]

7.20 Which one of the following is the correct sequence
of the position of the given compaonents in a Turbo-
prop?

(a) Propeller, Compressor, Turbine, Burner

(b) Compressor, Propeller, Burner, Turbine

(c) Propeller, Compressor, Burner, Turbine

(d) Compressor, Propeller, Turbine, Burner
[ESE : 1998]

7.21 Consider the following statements:
The thrust of rocket engine depends upon
1. Effective jet velocity.
2. Weight of the rocket.
3. Rate of propellant consumption.
Which of these statements are correct?
(@) 1and 2 (b) 1and3
(c) 2and 3 (d) 1,2and 3
[ESE : 1998]

7.22 Consider the following statements:
In a turbo-jet engine, thrust may be increased by
1. Increasing the jet velocity.

Solved Papers

2. Increasing the mass flow rate of air.
3. After burning of the fuel.
Which of these statements are correct?
(a) 1and?2 (b) 2and 3
(c) 1and 3 (d) 1,2and 3
[ESE : 1998]

7.23 The effective jel exit velocity from a rocket is
2700 m/s. The forward flight velocity is 1350 m/s.
The propulsive efficiency of the unit is
(a) 200% (b) 100%
(c) 66.666% (d) 33.333%
[ESE : 1998]

Direction: Each of the next questions consists of two
slatements, one labelled as the ‘Assertion (A)' and
the other as 'Reason (R)'. You are to examine these
two statements carefully and select the answers to these
items using the codes given below:
Codes:
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Aistrue butR is false
(d) Aisfalse but R is true

7.24 Assertion (A): Propulsion efficiency of propeller
driven aircraft is low at very high speeds.
Reason (R): At high speeds, shock waves are
formed over propeller blades. [ESE : 1998]

7.25 Assertion (A): A bypass jet engine gives a better
propulsive efficiency and better fuel economy
than a straight jet engine.

Reason (R): A bypass jet engine gives lower
velocity of jet efflux than a straight jet engine.
[ESE : 1998]

7.26 Which of the following pairs of engine and
performance/characteristic is/are correctly

matched ?

1. Turbo-jet : Efficiency increases with flight
speed

2. Slengine : Lowest specific fuel
consumption

3. Turbo-prop : Suitable for low flight speeds
Selecl the correct answer using the codes given

below:
(a) 1and 2 (b) 2and 3
(c) 1and 3 (d) 2alone [ESE: 1998]
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7.27 Anaircraft flying horizontally at a speed of 900 krmv/hr
is propelled by a jet leaving the nozzle at a speed
of 500 m/s. The propulsive efficiency is
(@) 0.334 (b) 0.426
(c) 0.556 (d) 0.667 [ESE:1999]

7.28 Which one of the following is the correct

statement?

(a) The Mach number is less than 1 al a point
where the entropy Is maximum whether it is
Rayleigh or Fannoline

(b) A normal shock can appear in subsonic flow

(c) The downstream Mach number across a
normal shock is more than one

(d) The stagnation pressure across a normal
shock decreases [ESE : 1999]

7.29 Air at 2 bar 60°C enters a constant area pipe of
60 mm diameter with a velocity of 40 m/s. During
the flow through the pipe, heat is added to the air
stream, Frictional effects are negligible and the
values of C, and C, are that of standard air. The
Mach number of the flow corresponding to the
maximum entropy will be
(a) 0.845 (b) 1
(c) 0.1212 (d) 1.183 [ESE: 1999]

7.30 Mach angle a and Mach number M are related as:
(@) M=sin" [—1-]
o

o =Cos” M -1
(b) M
() lanuz(\l'AF ~1]

(d) o= CDBEEJ[?}E] [ESE : 1999]

7.31 Assertion (A): The use of turbo-prop engine is

limited to medium speed applications.

Reason (R): The efficiency of a turbo-prop engine

decreases at higher speed.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Alistrue but R is false

(d) Ais false but R is true [ESE : 1999]

7.32 An aeroplane travels at 400 km/hr al sea level
where the temperature is 15°C. The velocity of
the aeroplane at the same Mach number at an
altitude where a temperature of -25°C is prevailing,
would be

(a) 126.78 km/hr (b) 130.6 kmvhr
(c) 371.2km/hr (d) 400.10 km/hr
[ESE : 2000]

7.33 If the upstream Mach number of a normal shock
occurring in air (k = 1.4) is 1.68, then the Mach
number after the shock is
(a) 0.84 (b) 0.646
(c) 0.336 (d) 0564 [ESE :2000]

7.34 In turbo prop, the expansion of gases takes place
approximately
(a) 100% in the turbine
(b) 80% in the turbine and 20% in the nozzle
(c) 50% in the turbine and 50% in the nozzle

71 (b) 7.2 (c) 73 (d 74 (b) 7.5 (a)
710 (d) 731 (d) 7.2 (c) 7.13 (d) 7.14 (c)
7.19 (a) 7.20 (c) 7.21 (b) 7.22 (d) 7.23 (c)
728 (d) 729 (b) 7.30 (b) 7.31 (a) 7.32 (c)

(d) 100% in the nozzle [ESE : 2000]
EnEn
76 (b) 7.7 (b) 78 (b) 7.9 (e
715 (b) 716 (@ 717 (b) 7.18 (c)
7.24 (a) 7,256 (a) 7.26 (c) 7.27 (d)
7.33 (b) 7.34 (b)
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ERIIETTIY Jet Propulsion and Compressible Flow
71 g popis

As shown in graph at the higher attitudes and C, = Rocket -..nah::ur:__it}.lr
higher flight velocity turbojet has higher efficiency C;= Nozzle Velocity

than turboprop and after a particular value of flight It is mtaresmg to note that as the case of jet
velocity, efficiency of turboprop decreases. propulsion efficiency of rocket approaches 100%

C
Me ¢ as 2 approaches unity where as for the
1\¢°° Ca
propeller and turbojet the flight velocity exceed
'é% the jet velocity if the thrust is to be positive. For
the rocket the jet velocity 1s independent of

% forward motion the Cjcan be less than, equal to
- or greater than C,..

7 (@)
Turbojets are mainly used in military as fighters,
bombers, and for transport application. They fly

=

The propulsive efficiency {np) is defined as the

thrust work dj‘rflﬁflEd by ‘the rate at which work is with supersonic speed. For e.g. MIGs, Mirage.
done on the air in the aircraft. Knat, Jaguar ete. The only turbojet used for civil
2uV-u) 20 aviation is concord.

Reheating the exhaust gas from the turbine by
burming more fuel raises the exit temperature with
result in an increases velocity which increases
the thrust and efficiency of engine.

1 7.8 [B)

The surrounding air at velocity equal to the plane

1 speed enters the inlet section which is designed

s as a diffuser. The air is slowed down and part of
[}

kinetic energy of the air stream is converted into
the pressure. This type of compression is called
‘ram compression . Further compression Is
achieved in a rotary compressor, which is usually
an axial flow type. The pressurized air then flows
Into the combustion chamber where fuel is added.
W (2) This raises temperalure rapidly due to
combustion of fuel, which occurs at constant
pressure. The hot combustion products then
enter the gas turbine where they undergo a
AL limited expansion through polytropic process.
M The turbine is designed to produce power,
4 which is just sufficient 1o drive the compressor,
J3 fuel pump and other auxiliaries. The exhaust from
the turbine is at pressure considerably higher than

(D) the atmospheric pressure. These are then
Rocket propulsive efficiency expanded in the exit nozzle and results in
200, Z{CE /C)) conversion of energy of hot gas intn_ kirfetic
energy. The gases emerge from the exit with a

=
i
o
|
"_..-—-.."
e—
\"‘—-l"

M

L M=

) Ci+C; ) 1+(GHHC;)2
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higher velocity. Due to increase in velocity i.e.
momentum of gases flowing through the exit, a
reaction or thrust in opposite direction is produced
and this propels the aircraft.

7o [0
Efficiency of rocket engine is less than the jet
engines.

7.10 JC)

A rocket propulsion device differs from other
thermal jet engines in that its propellant carries
both the fuel and the oxidizing agents. As a result,
this type of the engine is independent of the
atmospheric oxygen therefore it can operate at
very high altitude and even in vacuum.

(d)

Across the normal shock, the fluid properties
change which are
1. Stagnation temperalure remains constant.
Stagnation pressure increases,
Stalic pressure increases.
Static temperature increases.
Velocity decreases
Density of the fluid increases.

(c)

For oblique shock, down stream Mach number
may be less or greater than unity.
for M> 1, the weak shock

M < 1, strong shock

7.13 [0

Rocket engine is very simple in construction and
operation. It consists of an injection system, a
combustion chamber and an exit nozzie. The
oxidizer and fuel i1s burnt is the combustion
chamber producing a high pressure. The gases
are ejected to atmosphere at very high velocity
(supersonic velocity) through the nozzle.

(c)

Fanno line flow is characterised as the flow in a
constant area duct with friction and without any
heat and mass transfer.

715 O

Rayleigh line flow Is characterised as the flow in
a constant area duct without friction and with heat
transfer,

LIRS

(6

M=1

M>1

-

5
In supersonic region, fluid accelerates along with

friction.
Statement (11) is carrect as in both subsonic and
supersonic region, entropy Increases.

(c)

Fanno line flow is characterised as the flow in a
constant area duct with friction and without any
heat and mass transfer

(a)

Normal shock appears only when the upstream
flow is supersonic and after normal shock it
becomes subsonic.

(©

Prop-Gear-Box-Compressor-Combustion-
Chamber-Turbine-Exhaust.

(b)

Sometimes the thrust 1s expressed In terms of
mass flow rate of propellants and effective jet
velocity:
The effective jet velocity is a hypothetical velocity
and it is expressed as
A
Co= Cy+ oA~ Ro) s

where,
q = Exit or jet velocity relative to Nozzle
Aj. = Exit area

m, = Mass flow rate of propellant

F;. = Exit static pressure
F, = Atmospheric pressure

722 [0

Net thrust = Momentum thrust + Pressure thrust
T = rha(q& -Cy)+ AJ{F; -F,)
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q. = Velocity of jet relative to exit Nozzle
C, = Vehicle velocity through the air

m, = Mass of air (kg/s)

A’ = Jet exit area

ﬁ = Exil pressure

P = Atmospheric pressure
Thrust can be increased by increasing mass flow
rate and |et velocity.
After burning is done to improve the take-off and
high speed performance of an aeroplane and
flight at supersoni

()

Propulsive efficiency

- 2 x Forward velocity of aircraft

Forward velocity + Jet velocity
__2x1350

- 1350+ 2700

(a)

The formation of shock waves over the blade
section at high speed and blade slip at high
altitude are the main drawbacks which limit the
efficiency of the propeller. Now a day propeller
driven aircraft is used only at low speed
application i.e. upto 600 km/hr.

x 100 = 66.66%

7.25 [0

Turbofan or bypass jet engines al lower jet
velocities give better propulsive efficiency and
fuel economy compared with a turbojet engine
for a given thrust as less kinetic energy is wasted

o atmosphere.

Turbo jet

Turbo Prop.

-

Aircraft velocity

(d)
Velocity of aircraft = 900 km/hr = 250 m/s

Propulsive efficiency = 5355220 = 0.667

The Mach number is equal to 1 at a point where
the entropy is maximum whether it is Rayleigh or
Fanno line.

Normal shock wave can appear in supersonic
flow (M> 1)

The stagnation temperature remains constant
regardiess of the strength of the shock. However
that the stagnation pressure decreases across
the shock because of irreversibility.

(0)

Due to heat transfer and negligible frictional
effects, the flow is characterised as Rayleigh flow
and in Rayleigh flow Mach number at maximum
entropy is unity.

7.30 [0

24
2V
_2a_a
SE =5V TV
1 V
' = - ME—
sing. = - =
sin‘e + cosa = 1
’
cos’y = 1-—
M
cns?u—ME_1
M
cose = M -1
M
o = cns“{ M-
M
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7.31 @) 7.33 [

The turboprop is limited at speeds below 5 5
800 km/hr because at higher speed its efficiency M +'l'_‘1 (1.68)° + 141
decreases. M, = = :
' —2-11'#6—1 \ 23{1‘4]x(1.63)2—1
(c) -1 1.4-1
' 0.646

==

v
s 7.34 [0

In turboprop, the expansion of gases takes place
Hence Mo —— approximately 80% in turbine which drive
JT compressor and propeller and 20% in nozzle

= 15°C = 288 K which produce thrust from the jet.

= _D5°C = 248 K TTT

/T
Vo/\T,
v
J248
248

400,|— = 371.2 km/hr
288 LA

B8 ==

.-
([
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Rankine and Brayton cycles with regeneration and reheat, Fuels and their properties, Flue gas analysis,
Boilers, steam turbines and other power plant components like condensers, air ejectors. electrostatic
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1.1

P

1.3

Al

Match List-l1 (Type of boiler) with List-1I
(Classification of boiler) select the correct answer
using the codes given below the lists:

List-l

Babcock and Wilcox

Lancashire

La-mont

Cochran

List-ll

Forced circulation

Fire tube

Water tube

. Vertical

Codes:

oo®>

roD o

A

(@ 1
b)) 2
) 3
2

C
3
4
1
(d) 1

= W N
W s = 8D

[ESE : 1995]

Consider the following statements:

1. Boiler mountings are mainly protective
devices.

2. Steam stop valve IS an accessory

3. Feed water pump is an accessory,

Which of these statements are correct?

(&) 1,2and 3 (b) 1and 2

(c) 2and 3 (d) 3and 1[ESE : 1995]

Match List-1 with List-ll select the correct answer
using the codes given below the lists

List-I

Soot blower

Electrostatic precipitator

Blow down

Zeolite

List-1
Removal of solids from boiler drums
To clean the tube surfaces of fly ash

cow>

Ny =

Thermal Power Plant

1.4

1.5

1.6

1.7

Components

3. Cleaning of flue gases
4. Aircleaning
5. Water purification

Codes:
A B C D
(a) 2 4 3 5
(b) 1 3 2 5
() 8 2 1 4
(d 2 3 1 5 [ESE : 1995]

Assertion (A): All boilers used in power plants

necessarily use forced circulation

Reason (R): Forced circulation increases heat

transfer.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correcl explanation of A

(c) Aistrue butR is false

(d) Ais false but R is true [ESE : 1995]

Which of the following is boller mounting?
(a) air pre-heater (b) economizer
(c) fusible plug (d) steam trap
[ESE : 1996]

In forced circulation boilers, about 90% of water
IS recirculated without evaporation. The circulation
ratio I1s
(@) 0.1
(c) 9

(b) 0.9
(d) 10
[ESE : 1996

Given that, h is draught in mm of water, H is

chimney height in meters, [, is atmospheric

temperature in K, the maximum discharge of

gases through a chimney is given by

(@ h=1765T/H (b) h=H176.5 T,

(c) h=1.765 HIT, (d) h=176.5 HIT.
[ESE : 1996]
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1.8 The excess air required for combustion of (a) remove air form condenser

1.9

pulverized coal is of the order of

(@) 10010 150% (b) 30 to 60%
(c) 151040% (d) 5to 10%
[ESE : 1996]

Consider the following

1. Increasing evaporation rate using convection
heat transfer from hot gases.

2. Increasing evaporation rate using radiation.

3. Protecting the refractory walls of the furnace.

4. Increasing waler circulation rate.

The main reasons for providing water wall

enclosure in high pressure boiter furnaces would

include

(@) 2and 3

(c) 1and2

(b) 1and 3
(d) 1,2, 3and 4
[ESE : 1996]

1.10 Consider the following statements :

Expansion joints in steam pipelines are installed to
1. Allow for future expansion of plant.
2. Take stresses away from flanges and fittings.
3. Permit expansion of pipes due to temperature
rise.
Which of these statements are correct?
(@ 1,2and3 (b) 1and 2
(c) 2and 3 (d) 1and 3
[ESE : 1996]

1.11 In a surface condenser used in a sieam power

station, undercooling of condensate is undesirable

as this would

(a) not absorb the gases in steam

(b) reduce efficiency of the plant

(c) increase the cooling water requirements

(d) increase thermal stresses in the condenser
[ESE : 1996]

1.12 Of all power plants, hydel is more disadv-

antageous when one compares the

(@) nearness loload centre

(b) costof energy resource

(c) technical skill required

(d) economics that determine the choice of plant
[ESE : 1996]

1.13 In thermal power plants, the deaerator is used

mainly 10

(b) increase feedwater temperature
(c) reduce steam pressure
(d) remove dissolved gases from feed water

[ESE : 1996]

1.14 Induced draught fans of a large steam generator

have
(@) backward curved blades
(b) forward curved blades
(c) straight or radial blades
(d) double curved blades
[ESE : 1996]

1.15 Assertion (A): The efficiency of a boiler is more

if it is provided with mechanical draught rather
than with natural draught
Reason (R): The exhaust gases can be cooled
to the lowest possible temperature if mechanical
draught is provided.
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Ais false but R is true
[ESE : 1996]

1.16 In High pressure natural circulation boilers the flue

gases flow through the following boiler
accessories:

1. Superheater 2. Air-preheater

3. Economizer 4. 1.D.fan
The correct sequence of the flow of flue gases
through these boiler accessories is:

(@ 1,3 4,2 (b) 3,1.4,2
(€) 3.1,2.4 (d) 1,3.2 4
[ESE : 1997]

1.17 Consider the following components:

1. Radiation evaporator.

2. Economizers,

3. Radiation superheater.

4. Convection superheater,

In the case of Benson boiler, the correct sequence
of the entry of water through these components is

(@) 1,234 (b) 1,2,4.3
(c) 21,34 (d) 2,1,4,3
(ESE : 1997)
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1.18 Coal fired power plant boilers manufactured in

India generally use:

(a) pulverized fuel combustion

(b) fluidized bed combustion

(c) circulating fluidized bed combustion

(d) moving stoker firing system [ESE : 1997]

1.19 Which of the following form part (s) of boiler

mountings?
1. Economiser 2. Feedcheck valve
3. Steamtrap 4. Superheater

Select the correct answer using the codes given
below:

Codes:
(a) 2alone (b) 1and 3
(c) 2,3and 4 (d) 1,2, 3and 4

[ESE : 1998]

1.20 Which of the following power plants use heat

recovery boilers (unfired) for steam generation?
1. Combined cycle power plants.
2. All thermal power plants using coal.
3. Nuclear power plants.
4. Power plants using fluidized bed combustion.
Select the correct answer using the codes given
below: |
(@) 1and2 (b) 3and4
(c) 1and3 (d) 2and 4

[ESE : 1998]

1.21 Once-through boilers will not have

(@) Drums, headers and pumps

(b) Drums, steam separators and pumps

(c) Drums, headers and steam separalors

(d) Drums, headers, steam separators and
pumps [ESE : 1998]

1.22 The characteristics of centrifugal fan are shown

in the given figure. The curves (in the figure)
representing total head and static head
characteristics are respectively

|~
Iy

E

.
-

Discharge
(a) 1and?2 (b) 3and 4
(c) 1and 3 (d) 2and 4

[ESE : 1998]

1.23 At constant efficiency, the horse power of a fan is
(a) Proportional torpm
(b) proportional to (rpm)*
(c) Proportional to (rpm)?
(d) A polynomial function of rpm[ESE : 1998]

1.24 Malch List-I (Name of boiler) with List-11 (Special
features) and select the correct answer using the
codes given below the lists:

List-|

Lancashire

Cornish

La-Mont

Cochran

List-1l
1. High pressure water tube
2. Horizontal double fire tube
3. Vertical multiple fire tube
4
5

cow»

. Low pressure inclined water tube
. Horizontal single fire tube

odes:
A B C D
@ 2 &6 1 3
b) 2 4 3 1
i) 1 S 3
@ 5 4 1 3 [ESE : 1999]

1.25 The p-V diagram for the reciprocating steam
engine is shown In the figure. The length A-B
represents the

Pﬂ Saturation

(1
L3N\

(a) Condensation loss

(b) Friction loss

(c) Missing quantity

(d) Dryness fraction [ESE : 1999]

1.26 Benson boiler is one of the high pressure boilers
having
(a) Onedrum
(b) One water drum and one steam drum
(c) Three drums
(d) Nodrum [ESE : 1999]
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1.27 Which one of the following salfety devices is used
lo protect the boiler when the water level falls
below a minimum level?

(a) Waterlevelindicator (b) Fusible plug
(c) Blow off cock (d) Safety valve

[ESE : 1999]
1.28 Forced draught fans of a large steam generator
have
(a) Backward curved blades
(b) Forward curved blades
(c) Straightorradial blades
(d) Double curved blades [ESE : 1999]

1.29 Consider the following statements
1. Pulverized fuel gives high and controlied

burning rate.

2. Insufficient air causes excessive smoking of
exhaust.

3. Excessair is provided to control the flue gas
temperature.

4. Effect of sulphur in fuel is to give high heat
transfer rate.

Which of these statements are correct?

(@8 3and4 (b) 2and 3

(c) 1and 2 (d) 1and4

[ESE : 1999]

1.30 The device used to heat feed-water by utilizing
the heat of the exhaust flue gases before leaving
through the chimney, is called
(a) Superheater (b) Economizer
(c) Airpreheater (d) 1D fan [ESE : 1999]

1.31 Assertion (A): In infrared gas analyser, the
amount of absorption is the function of
concentration of the gas and the length of the
absorplion path.

Reason (R): Different gases are characteristic

by distincitive absorption bands within the infrared

range.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Ais false but R is true [ESE : 1999]

Solved Papers

1.32 Consider the following statements:

1. Forced circulation is always used in high
pressure power boilers.

2. Soot blowers are used for cleaning tube
surfaces al regular intervals,

3. Electrostatic precipitator is used to remove
fly ash from flue gases.

Which of these statements are correct?

(@ 1,2and3 (b) 2and 3

(c) 1and 3 (d) 1and?2

[ESE : 2000]

1.33 Once-through boilers operate at

(a} subcritical pressure

(b) supercritical pressure

(c) subcritical as well supercritical pressures
(d) critical pressure only [ESE : 2000]

1.34 Match List-l (Components) with List-ll (Functions)

and select the correct answer using the codes
given below the lists:
List-1
. Steam trap
Fusible plug
Blow-off cock
Feed-check valve

List-II

. Controls steam flow rate

2. Controls rate of water flow to boiler

3. Puls off furnace fire when water level reaches
unsafe limit

4. Removes mud and dirt collected at the
bottom of boiler

5. Drains off water collected by partial
condensation of steam in pipes

ocow>

—_—

Codes:
A B C D
(a b5 1 4 2
by 1 3 o 4
c) b 3 4 2
(d 1 2 5 4 [ESE : 2000]
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1.35 Assertion (A): With the help of a Bomb

calorimeter, the lower calorific value of a solid or
liquid fuel can be determined, as the water vapour
lormed is carried away by the exhaust gases.

Reason (R): The lower calorific value of a fuel is
the net value of heat available found by

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Ais false butR is true

subtracting the latent heat of the water formed [ESE : 2000]
and carried away by exhaust gas from the higher pp——
calorific value.
‘I‘Iumall‘mﬁhnt Components
11 (¢) 1.2 (d) 13 (d 14 (d 15 (¢) 16 (d 1.7 (d 18 (c) 1.9 (a)
110 (c) 111 (b) 112 (d 113 (d) 114 (a) 1.15(a) 116 (d) 1,17 (d) 1.18 (a)
1.19 (@ 1.20(c) 121 (c) 122 (d 123 {(c) 124 (a) 125 () 1.26 (d 1.27 (b)
128 (a) 129 (c) 130() 131 (a 132(a) 133 (c) 134 (c) 1.35 (d)

Thermal Power Plant Components
1.1 [O)

Boiler accessories are provided to improve the

fhi
Fire tube boilers: Sffic) S - ;
_ _ . The commonly used accessories are:
(i) Locomotive boiler (Horizontal boiler) Y. Slbertaates
(i) Lancashire boiler 2 Economiser
(i) Scotch marine boiler 3. Air preheater
(iv) Cochran boiler (vertical boiler) 4. Feedpump

Water tube boilers: 5, Steam separator

(i) Babcox-Wilcox boiler 1.3 [C)
(i) Lamont boiler (high pressure boiler with Electrostatic precipitator: The function of
forced circulation) electrostatic precipitator is to collect the fly ash
particles from the flue gases by electrostatic
principle. Sodium zeolite is a method of feed
water purification.
Blow down: Blow down is a process of removing
solid precipitates at boiler drum bottom.

i

As the pressure parameter of steam increases
forced circulation is required because as pressure
increases the density difference between steam
and water decreases, so natural circulation is not
possible.

15 [0

Boiler mounting is used for safety purpose of boiler.

(ili) Benson boiler (high pressure boiler)

1.2 [8)
The equipments used for sate working of the boiler
are known as mountings. Following is the list of

mountings which are normally used on the boiler.
(a) For control of water and steam
1. Feed check valve
2. Steam stop valve
(b) For safety of boiler
1. Pressure gauge
2. Water level indicator
3. Safety valve
4. Fusible plug
(c) Forcleaning and maintenance purpose
1. Man hole
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d) (d)

"8
-

Circulation ratio is defined as reciprocal of
percentage steam supplied in drum.

m. + .rnf m
oy X
My Mg

Circulation ratio: CR =

where

m, = Mass of liquid water at the riser exit.

m, = mass of saturated steam released from the
drum during the same time.

Hydroelectric plants are capital intensive with a
low rate of return. The interest rate of this capital
cost is large part of annual cost.

113 [0

An open feed water heater or deaerator is one in
which the feed water is heated by direct mixing
with steam bled from turbine. It is used to
remove dissolved gases in feed water

particularly oxygen.

(a)

YA (d) Backward curved blade will give higher efficiency.

(a)

0.9
CR = 1+a—1+9 = 10

Draugh in mm of water column IS

h= 353”[1_ m+1 X h ] In mechanical draught, air is forced to furnace
h m 8 through duct and APH. Thus utilising the exhaust
) %[1_,“.;_1}{ m ] heat of flue gas.
R m 2(m+1) (d)
- 353H - 176.5H The correct sequence of the flow of flue gases
el h are superheater, Economiser, Air-heater and |.D.
R (C) fan.
Fuel Excess Air(%) e I
Anthracite 40% (d)
Coal. Pulverized 15-20% In Benson boiler, feed pump feeds water to
Coal, Stoker 20-30% economiser from where it goes to radiant heating
Semi anthracite 830.60% section. Here most of the heat is transmitted and
with travelling cirate water gets heated almost to the critical
temperature. In the evaporative section, the
ﬂ) evaporation 1s completed and superheating
Heat transfer to water wall is predominately by begins. Superheating is done by convection
radiation. superheater and radiation superheater. After
E=iéc AT superneater the final desired temperature iIs
obtained.

(c)

Expansion joints are not provided for future
expansion of the plant but it is provided to take
care of lemperature stresses.

(b)

(a)

Coal fired power plant boilers manufactured in India
generally use pulverized fuel combustion

(c)

In nuclear power plant, energy is liberated due

Main objective of condenser is o extract only
latent heat of steam. Due to under cooling (sub-
cooling) the efficiency of plant reduces.

to unfired nuclear chain reaction. Heat recovery
steam generator is used in combined cycle power
plant.
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(c)

Benson boiler is a typical high pressure, drum less,
water tube, forced circulated once through boiler,
It has a unique characteristic of absence of drum
entire process of healing, steam formation and
superheating is done in a single continuous tube.
Feeds pumps teeds water 10 economiser from
where it goes to radiant heating section.

(c)

Similarity law of fan

= constant

N°D° p
P = Power, N = Rotational speed
D = Impeller diameter
p = Density of fluid

(c)

Missing quantity is mainly due to the condensation
of steam and a small amount will be due to
leakage past the piston.

(@)

Benson boiler is a typical high pressure, water
tube, forced circulated once through boiler. This
boiler does not have any drum.

o

The function of a fusible plug is to extinguish the
fire of the furnace when the water level inside the
boiler falls to a dangerously low level, If this is
not done the boiler tubes and shell may be
damaged due to overheating or the boiler may
explode.

(@)

Forced draught fans of a large steam generator
have backward curved blades because these
have steep head characteristics, good efficiency,
high speed and ability to operate in parallel.

©
Excess air is provided for complete combustion.

Smoke is formed due to formation of carbon mono
oxide.

()
Economiser is situated before air pre-heater in
the flue gas path.

(a)
Forced circulation is required because at high

pressure the density difference between steam
and water Is very less,

©
NTPC-Talcher (Orissa) plant has sub-critical once-
through boiler.

(c)

Fusible plug is made of low melting point alloys.
Which melt when temperature increases beyond
a certain limit.

135 [0

Bomb calorimeter measures the higher calorific
value because the fuel sample is burnt at a
constant volume in the bomb.



2.1

2.2

2.3

2.4

At which location of a converging-diverging

nozzle, does the shock-boundary layer interaction

take place?

(@) Converging portion (b) Throat

(c) Inlet (d) Diverging portion
[ESE : 1995]

The effect of friction in a steam nozzle is to

(a) increases velocity and increase dryness
fraction

(b) increases velocity and decreases dryness
fraction

(c) decreases velocity and Increases dryness
fraction

(d) decreases velocity and gecreases dryness
fraction [ESE : 1995]

Consider the following statements pertaining to

iIsentropic flow:

1. To obtain stagnation enthalpy, the flow need
not be decelerated isentropically, but should
be decelerated adiabatically.

2. The effect of friction in an adiabatic flow is to
reduce the stagnation pressure and to
INncrease entropy

3. Aconstant area lube with rough surface can
De used as a subsonic nozzle

Which of these statements are correct?

(a)1,2and 3 (b) 1and 2

(c)1and 3 (d) 2and 3

[ESE : 1996]

Consider the following statements :
A convergent-divergent nozzle is said to chocked
when
1. Critical pressure Is attained at the throat,
2. Velocity at throat becomes sonic.
3. Exit velocity becomes supersonic.
Which of these statements are correct?
(a) 1,2and 3 (b) 1and 2
(c) 2and 3 (d) 1and 3
[ESE : 1996]

A 2 D

2.5 Inflow through a convergent nozzle, the ratio of

back pressure to the inlet pressure is given by
the relation

?
Ps _ [ 2 ]*ra T
Py \1+1

If the back pressure is lower than p, given the

above equation, then

(a) the flow in the nozzle is supersonic

(b) a shock wave exists inside the nozzle

(c) lhe gases expand outside the nozzle and a

shock wave appears outside the nozzle

(d) a shock wave appears at the nozzle exit
[ESE : 1996]

2.6 Assertion (A): For pressure ratio greater than the

2.7

critical pressure ratio, a convergent-divergent
nozzle is required
Reason (R): Divergent portion increases the flow
area which increases the mass tlow rate
(a) Both A and R are individually true and R is
the correct explanation of A
(b) Both A and R are individually true but R is
not the correct explanation of A
(c) Ais true but R is false
(d) Ais false but R is true
[ESE : 1996]

Consider the following statements:
When dry saturated or slightly superhealed steam
expands through a nozzle
1. the coefficient of discharge is greater than
unity.
2. Itis dry upto Wilson's line.
3. expansion is isentropic throughout.
Which of these statements are correct?
(a 1,2ana 3 (b) 1and 2
(¢} 1and3 (d) 2and 3
[ESE : 1997]
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2.8

2.9

The total and slatic pressures at the inlet of a
steam nozzle are 186 kPa and 178 kPa
respectively. If the total pressure at the exit is
180 kPa and static pressure is 100 kPa, then the
loss of energy per unit mass in the nozzle will be
(a) 78 kPa (b) 8 kPa
(c) 6kPa (d) 2kPa

[ESE : 1997]

Match List-l with List-ll and select the correct
answer using the codes given below the lists:
List-1 List-ll

A. Slip 1. Reduction of whirl velocity
B. Stall 2. Fixed mass Flow rate

regardless of pressure ratio
C. Choking 3. Flowseparation

4. Flow area separation

Codes:

A B C
(@ 4 3 2
b) 1 3 2
c) 4 1 3
d 2 3 4

[ESE : 1997]

2.10 Match List-lI (Property ratios as the critical and

stagnation conditions) with List-ll (Values of ratios)
and select the correct answer using the codes
given below the lists:

List-l List-ll
r =
A = o U5k i
Ty y+1
P 2
B. Po 2, v+ 1
e L 3 1
" R
" s ¢« [2 ]?5
' § v+
Codes:
A B C D
@ 2 1 4 3
(b) 1 2 3 4
(c) 2 1 3 4
@ 1 2 4 3

[ESE : 1997]

2.11 The stagnation temperature of an isentropic flow

of air (k = 1.4) is 400 K. If the temperature is
200 K at a section, then the Mach number of the
flow will be
(a) 1.046
(c) 2.236

(b) 1.264
(d) 3.211
[ESE : 1998]

2.12 In isentropic flow between two points, the

stagnation

(a) pressure and stagnation temperature may
vary

(b) pressure would decrease in the direction of
the flow

(c) pressure and stagnation temperature would
decrease with an increase in velocity

(d) pressure, stagnation temperature and
stagnation density would remain constant
throughout the flow.

[ESE : 1998]

2.13 Under ideal conditions, the velocity of steam at

the outlet of a nozzle for a heat drop of 400 kJ/kg
will be approximately.
(a) 1200m/s
(b) 900 m/s
(c) 60 m/s
(d) the same as the sonic velocity
[ESE : 1998]

2.14 Consider the following statements:

1. De Laval nozzle is a subsonic nozzle.
2. Supersonic nozzle is a converging passage.
3. Subsonic diffuser is a diverging passage.
Which of these statements is/are correct?
(@) 1and 2 (b) 2and 3
(c) 1only (d) 3only

[ESE : 1999]

2.15 In a steam nozzle, inlet pressure of superheated

steam is 10 bar. The exit pressure is decreased

from 3 bar to 1 bar. The discharge rate will

(a) Remain constant

(b) Decrease

(c) Increase slightly

(d) Increase or decrease depending on whether the

nozzle is convergent or convergent-civergent

[ESE : 1999]



182 Mechanical Engineering « Volume-|

Objective

Solved Papers

2.16 The plol for the pressure ratio along the length of
the convergent divergent nozzle is shown in the
given figure. The sequence of the flow conditions
labelled (1), (2), (3) and (4) in the figure is
respeclively

(@) supersonic, sonic, subsonic and supersonic
(b) sonic, supersonic, subsonic and supersonic
(c) subsonic, supersonic, sonic and subsonic
(d) subsonic, sonic, supersonic and subsonic
[ESE : 2000]

2.17 Consider the following statements:
For supersaturated flow through a steam nozzle,

the
OO Nozzles
21 (d 22 (c) 23 (@ 24 (b) 25
210 (a) 211 (c) 212 () 2.13 (b)
FTIELEHGLTE Nozzles

I8

Due to very high velocity at diverging section,
the mach number at the diverging section is
greater than unity hence shock occurs at
diverging section.

c)

Due to fluid iniction the expansion process Is not
isentropic, bul 1s irreversible ang adiabatic
(Q = 0). Friction reduces the enthalpy drop
by 10 to 15% and thus reducing the exit velocity.
Being adiabatic condition, the heat generated
due to friction goes back to steam and
improves the dryness friction at exit due to

healing effect,

P
Lo

a)
To obtain stagnation pressure, the flow
necessarily decelerated isentropically, but for

2.14 (d)

1. enthalpy drop reduces further
2. exittemperature increases.
3. ilow rate increases.
Which of these statements are correct?
(a) 1,2and 3 (b) 1and 2
(c) 2and 3 (d) 1and 3
[ESE : 2000]

2.18 The critical pressure ratio for maximum discharge
through a nozzle is given by

I

E

n+1\n-1 2 ln-1
@ (%) ") [ﬁ]
n-1 n=1
n+1} n 2 |n
@ (%) o (73)
[ESE : 2000]

2.6 (d
2.15 (a)

27 (b) 28 (c) 29 (b
216 (d) 2.17 (d) 2.18 (b)

stagnation enthalpy flow can be deaccelerated
adiabatically.

24 [

A convergent-divergent nozzle is said to chocked
(maximum mass flow) when velocity at throat
becomes sonic (Mach number = 1) and critical
pressure is attained at the throat.

25 [

There will be a design pressure at the exit of the
nozzle at which flow through the nozzle will be
very smooth.

When the exit pressure is less than the design
pressure, the fluid will expand outside the nozzle
and shock wave will appear at the exit of the
nozzle or at the entry of the turbine.



MBDE ERSY

Power Plant Engineering 183

26 0

In convergent-divergent nozzle, exit pressure is
less than critical pressure hence convergent
divergent nozzle i1s not required for exit pressure

higher than critical pressure

2.7 [
Coefficient of discharge is greater than unity

because discharge increases. This is the
phenomenon of “super saturation”.

25 [0

Total pressure at inlet = Total pressure at exit +
Losses of energy

186 = 180 + losses of energy

. loss of energy = 6 kPa

b)

o, Actual whirl velogity
P= “ldeal whirl velocity

Stall = Flow separation

(a)

To _ 4,002
T 2
For critical condtion
M= 1
T _y+1
' 2
2

PD 0

p L]T-’{T 1)

R \y+1
2.11 &)

400 . (1.4-1),0
20[:.j“1+[~~——-——E )M

M= 5 ~2.236

(c)

In isentropic flow between two points. The
stagnation pressure and stagnation temperature
would decrease with an increase In velocity.

®

vV =J2h-h) = Jox400x10°
= B94.42 m/s = 900 m/s

2.14 O

sSupersonic nozzle is a diverging passage

@ @
”‘L{-_. M, =03
M, =07 é)—\
@
Subsonic Diffuser
® @
A !——-- M,=32
M, =18
®
Supersonic Nozzle

(@)

When steam is flowing through nozzle then the
critical pressure ratio is

n

F;':_( 2 ]n—1
F-’l_ n+1
where

n= 1.3 for superheated steam
n =1.135 for dry saturated steam
For superheated steam

1.3

i_( 2 ]EE
P, 1+1.3

P, = 0.546 P, = 0,546 x 10 = 5.46 bar




184 Mechanical Engineering « Volume-| f%;ec&ae

Solved Papers

For critical condtion

§ M=1
i o _ 141
—¢ -~ ——t . 2
g 8 8
@ § e [ T-] 2
n — — = —
% o ) v+1
o
: o . T \ 1 Ay=T)
Since critical condition is reached, hence further R < [_E,
decrease in pressure will nol affect the mass flow F. 'y
rate. T \Y =1
=3 E = (T_
216 [0) 7o\,
Between 3 and 4, flow is not isentropic in the P g Vvt
diverging part, and it is accompanied by an B v+

irreversible phenomenon known as shock. Shock

occur only when the flow is supersonic and after [
the shock the flow become subsonic and rest ol

duct act as diffuser.

(d)

Effect of supersaturation
(1) Increase in discharge by 2 to 5 percent due
to increase in density,
(2) Decrease in heat drop and reduction in exit
velocity.
(3) Improves dryness factor.
(4) Entropy increases.




Nuclear Power Plant

3.1

3.2

3.3

3.4

3.5

Which one of the following pairs of materials is
used as moderators in nuclear reactors?

(a) Heavy water and zirconium

(b) Zirconium and beryllium

(c) Cadmium and beryllium

(d) Beryllium and heavy water [ESE : 1995]

Which one of the following pairs is not correctly
maiched?

(a) Fertile matenal ... U-233

(b) Atomic number .... Number of protons

(c) Mass defect .... Binding energy

(d) Cross-section ..., Scattering [ESE : 1995]

The energy released during the fission of one atom
of Uranium-235 in million electron volts is about
(a) 100 (b) 200

(c) 300 (d) 400 [ESE : 1995]

Consider the following statements:

1. Gas cooled thermal reactors use CO, or helium
as coolant and require no separate moderator

2. Fastreaclors use heavy waler as moderalor
and coolant.

3. Liquid metal fast breeder reactors use molten
sodium as coolant

4. In Candu type reactors heavy water is used

as moderator.
Which of these statements are correct?
(@) 1and3 (b) 2and 4
(c) 3and 4 (d) 1and2[ESE : 1996])

Match List-1 with List-ll and select answer using
the codes given below the lists:

List-I

Flutonium-239

Thorium-233

Cadmium

Graphite

List-ll

1. Fissile material

cow>»

3.6

3.7

2. Fissionable material

3. Moderator
4. Poison
Codes:
A B C D
(a) 1 2 3 4
(b) 2 1 3 4
¢}y 1 2 4 3
(d) 2 1 4 3 [ESE : 1996]

Consider the following statements :

CANDU-type nuclear reactor using natural uranium

finds extensive use because

1. Heavy water is used both as coolant and
moderator.

2. Costoffuel used is much lower than that used
in pressurized water or boiling water reactor.

3. Smallleakage of heavy water does not affect
the performance of the reactor substantially

4. Fuel consumption is low because of use of
heavy water.

Which of these statements are correct?

(a) 1,2, 3and 4 (b) 1,2and 4

(c) 1Tand?2 (d) 3and4

[ESE : 1997]

Match List-l with List-1l and select the correct
answer using the codes given below the lists:

List-| List-l|

A. Prepared fuel 1. Uranium-235
B. Primary fuel 2. Graphite
C. Moderator 3. Uranium-233
D. Control rod 4. Cadmium
Codes:

A B C D
(a) 1 3 2 4
(b) 3 ! 4 2
() 3 1 2 4
(d)y 1 3 4 2

[ESE : 1997)
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3.8 Consider the following statements regarding
nuclear reactors:

1. Inagas-cooled thermal reactor, if CO, isused
as the coolant, a separate moderator is not
necessary as the gas contains carbon.

2. Fastreactors using enriched uranium fuel do
not require a moderator.

3. Inliguid metal-cooled fast breeder reactors,
molten sodium is used as the coolant because
of its high thermal conductivity.

4. Fast reactors rely primarily on slow neutrons

for fission.,
Which of these statements are correct?
(@) 1and2 (b) 2and 4
(c) 2and 3 (d) 1and3
[ESE : 1998]

3.9 Assertion (A): The thermal efficiency of a nuclear
power plant using a boiling water reactor is higher
than of a plant using a pressurized water reaclor.
Reason (R): In a boiling water reactor, steam is
directly allowed to be generaled in the reactor
itself, whereas in a pressurized water reaclor,
steam is generated in a separate boiler by heat

Nuclear Power Plant

3.1 () 32 (d 33 (b) 34 (c) 35
3.10 (a) 3.11 (d)

SCIELEHLL TN Nuclear Power Plant

3.1 [G)

Materials used as moderator are ordinary
hydrogen (H-1) heavy hydrogen (H-2) beryllium
and carbon.

3.2 [{s)
The newly born fission neutrons have energies
varying between 0.075 to 17 MeV. As these
neutrons travel through matter, they collide with
other nuclei and get slowed down. This process
s called scattering.

10

The fission of U-235 yields on an average about
193 MeV, which is the same for the fission of U-
233 and Pu-239, This amount of energy is prompt,

exchanger device using water of the primary circuit

which absorbs the fission energy.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) Aistrue butR is false

(d) Ais false but R is true

[ESE : 1999]

3.10 The most commonly used moderator in nuclear
power plants is

(a) heavy water (b) concrete and bricks

(c) steel (d) graphite
[ESE : 2000]
3.11 Shielding in a nuclear reactor is generally done to
protect against
(a) excesselectrons
(b) X-rays
(c) o-and B-rays
(d) neutron and gamma rays
[ESE : 2000]
EEER

36 (& 37 (c) 38 () 3.9 (a

.e. released during the fission process.

34 [
In gas cooled reactor, both natural and enriched

uranium fuel with CO, as a coolant and graphite
as moderator are used.

The best coolants for fast reactors are liquid
metals such as Sodium. Liquid metal have the
additional advantage that their boiling points at
atmospheric pressure are very high, 50 most of
them can be used unpressurized in a reactor.
Sodium is the most common coolant for fast
reactors.

35 (@

Fissile materials:
Pu-239, Pu-241 , U-233, U-235, U-239 elc
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L

]

Fertile materials:

Th-232, U-234, U-238, Pu-238, Pu-240
Commonly used moderators: Water, heavy water,
graphite, berylium etc.

(a)
Advantages of CANDU Reactor:
1. Heavy water Is used as moderator and

coolant which has higher multiplication factor
and low level consumption.

2. Enriched fuel is not required

3. The cost of the vessel is less due to low
prassure in it.

4. Construction time is less

5. Moderator can be kept at low temperature
which increases ils effectiveness is slowing
down neutron.

Uranium-233 is a fissile artificial isotope of
uranium, part of thorium fuel eycle. Itis produced
by neutron irradiation of Thorium-232.

n}
In a gas cooled thermal reactor CO, gas as
coolent and graphite as moderator is used.

In liquid metal fast breeder reactor, liquid sodium
I8 used as coolant and no moderator is required.

Boiling water reactor

—_—

o] ey (R
| ! é

___TaX
\P)
Pressurised walter reacltor

Reactor
core

Heavy water

In boiling water reactor, steam coming out through
the reactor core is allowed to expand in the turbine
and after condensation water is again fed to the
core, this reduces the loss during the heat
exchange process,

While In pressurised water reactor heavy water
s used to carryout the heat from the reactor core
and through the heat exchanger steam is
generated, and due to two seperate circuits losses
are more in pressurised water reactor.

A moderator is a material which is used to slow
down neutrons from high velocities. The moderator
should have a high macroscopic neutrons
scattering cross-section, a low macroscopic
neutrons absorption cross-section and a low
alomic mass 1o get maximum kinetic energy
iransfer from neutrons to the moderator atoms,
Actually only four isolopes are used in material
to moderate neutrons. They are ordinary hydrogen
(H-1), heavy hydrogen (H-2), beryllium and
carbon.

EXEN 0

1 particles are electromagnetic radiation of
extremely short wavelength and high frequency,
resulting in high energy. Both yand neutrons are

highly penetrative.
BEHER



Miscellaneous

4.1

4.2

4.3

The mass of air required for complete combustion

of unit mass of fuel can always be calculated from

the formula, where C, H, O and S are in percentage

(@ 0.1152C+0.3456 H

(b) 0.1152C + 0.3456 (H-0.125 O)

(c) 0.1152C +0.3456 (H-0.1250) + 0.0432 S

(d) 0.1152C +0.3456 (H + 0.1250) + 0.0432 S
[ESE : 1995]

Consider the following statements
The maximum temperature produced by the
combustion of a unit mass of fuel depends upon
1. Calorific valve.
2. Ash content
3. Mass of air supplied.
4. Pressure in the furnace.
Which of these statements is/are correct?
(a) 1only (b) 1and 3
(c) 2and 4 (d) 3and4
[ESE : 1998]

Match List-l (The T-s diagram of the
thermodynamic cycles) with List-ll (Names of
cycles) and select the correct answer using the
codes given below the lists:

List-|
i
T
A,
E-
Tl
B V=0

4.4

List-I|
Brayton Cycle
Otto cycle
Stirling cycle
Ericsson cycle
Diesel cycle
Codes:
=
(a) 1
(b)
(c)
(d)

o os W

A T N -
W & W A O
HE M & OO
- -

[ESE : 1999)

Match List-l (name of cycles) with List-l|
(pV-diagram) and select the correct answer using
the codes given below the lists:

List-|

Stirling cycle
Diesel cycle
Otto cycle

O O W&

Atkinson cycle
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List-I &)
PT Admbatic
Isthermal f
1 4.
va
'll"- PJL
pl
Adiabatic
5.
2
ve
v Codes
p! _ A B C D
i @ 2 3 1 5
by 1 3 2 4
3 c) 2 3 1 4
(d) 1 3 2 5 [ESE : 1999]
yr-
EEEE

m Miscellaneous

41 (c) 42 (b) 43 (d 44 (d

iscelaneous
-

For per kg of fuel, W, = ﬁ

0.232
267 8 0\ 1
= 0232 0232 [H'E] +0232°

=11.5C + 345 [H—%] +4.318

(©)

Calorific value: Quantity of heat liberated on
complete combustion of a unit weight of fuel.
Mass of air decides the extent of combustion.

43 [O)
(1) Ottocycle : Two adiabatics and two

constant volumes

(2) Ericssoncycle . Two isothermals and two
Isobars

- Two isothermals and two
constant volumes

 Two adiabatics and one
constant volume and one
constant pressure

(3) Stirling cycle

(4) DieselCycle

4.4 [C)

Stirlingcycle : Two isothermals and two

constant volumes
Atkinson cycle : Two adiabatics, one constant
volume and one constant

pressure



