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Sol–1: (d)
Tempering is used for martensitic steel to
reduce its brittleness without significant
loss in its hardness. In this process, some
carbon atoms diffused out of strained
martensite and relive internal stresses.

Sol–8:

(b)

Sol–9:

(b)

Cubic

: a  b  c;       90

Tetragonal

: a  b  c;       90

Orthorhombic : a  b  c;       90

Sol–2: (b)

(Triangle)

The effective number of lattice points in
the unit cell as follows
Simple cubic

 1

Body centered cubic

 2

Face centered cubic

 4

Hexagonal

: a  b  c;     90  
120

Sol–3: (d)

: a  b  c;     90,  

Triclinic

: a  b  c;       90

E

Sol–10: (c)
Iron exhibit different property at different
temperature this is known as allotropy of
iron.

T

Sol–11: (c)
Nodular grey cast iron is obtained by adding nodulizing agent (Magnesium, Cerium)
to molten gray cast iron prior to pouring in
mold

S

The main purpose of spheroidising
treatment is to improve machinability of
high carbon steels. High carbon steels have
high hardness and low machinability.
Spheroidising treatment leads to formation
of spheroids or globules of carbides (hard
phase). The combination of dispersed hard
phase in a soft phase leads to better
machinability.

Monoclinic

R

(2)

Sol–12: (b)

M

A

Sol–4: (d)
Fine grain size has higher yield strength
and are more succeptible to corrosion because of residual stresses present in it
due to cold working.

Sol–6: (a)

S

Sol–5: (a)
Iron-caron diagram is determined under
equilibrium condition while TTT curve is
determined under non-equilibrium condition.

IE

Martensite is extremely hard and Brittle.
Eutectoid is state of equilibrium between
three solid phases.

Sol–7: (b)

Nitriding is a case hardining process for
low carban steels. The characteristics of
the process are:
(1) Hard and highly wear resistant surface
(2) Good fatique strength
(3) Excellent dimensional control possible
(4) Excellent freedom from quench cracks.

Quenching
media
1. Water
2. Oil

Rate of
cooling
Very fast
Fast

Structure
Pr oduced
Martensite
Very fine
pearlite
3. Air
Medium
Fine pearlite
4. Furnace Very slow Coarse
cooling
pearlite

Sol–13: (c)
Normalizing is a type of heat treatment
applicable to ferrous metals only. It differs
from annealing in that the metal is heated
to a higher temperature and then removed
from the furnace for air cooling. The
purpose of normalizing is to remove the
iternal stresses induced by heat treatin,
welding, casting, forging, forming, or
machining. Stress, if not controlled, leads
to metal failure; therefore, before
hardening steel, you should normalize it
first to ensure the maximum desired
results. Usually, low-carbon steels do not
require normalizing; however, if these

(3)
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steels are normalized, no harmful effects
result.

Sol–14: (d)
Cast iron shows brittle failure and have
better ability to damp vibration.
Sol–15: (c)
Endurance strength is used in fatigue loading. Deflection in beam in related to moment area method.

R

Sol–16: (b)
Thermosetting plastic become soft during
their first heating and become very hard
during cooling. They do not soften during
subsequent heating and rather become
harder during cooling.

T

E

Sol–17: (b)
Polytetra-fluoro-ethylene having the trade
name Teflon is a thermoplastic fluorocarbon polymer.

S

Sol–18: (c)
Thermoplastic: These plastics get soft on
heating and get hard on cooling. These do
not harden permanently.

A

Sol–19: (a)
Sol–20: (a)

M

Gun metal -Cu 88%, 10% tin, 2% Zn
Sol–21: (d)

S

Sa
le
s

re

ve

nu

e

Sol–22: (d)

o
lc

st

IE

Cost

ing to the processing sequence of the product without any buffer storage within the
line itself.
Disadvantage of Product Layout
• Machine stoppage stops the line
• Product design change or process
change causes the layout to become
obsolete
• Slowest machine determines the pace
of production.
• Less machine utilisation
• Less flexible
• Higher equipment investment
Advantage
• Total production time per unit is short
• Effective supervision and control
• Less skill of personnel required
• Low material handling cost per unit
• Delays are reduced
• Inspection can be reduced
• Low unit cost due to high volume
In product layout, the breakdown of a
particular machine in a production line
halts the production output of the entire
line. Also, the pace of production or
production rate is determined by the slowest
machine. Actually in product layout, also
known as flow-shop or flow-line layout, the
processing equipments or work centres are
arranged in sequence according to the
progressive steps by which the product is
made. The component being processed
moves in one direction and there is no backtracking.
Production, planning and control systems
are more involved and complex in the case
of process layout. Also, in process layout,
the total production time is usually longer,
owing to time consumed in materials
handling and waiting times.

To

ta

Break even point

Fixed cost

Production quantity

We can see from the figure that at break
even point, profit/loss is zero and sales
revenue is equal to the total cost.
Sol–23: (c)
In case of product layout, the machinery
and auxiliary services are located accord-

Sol–24: (b)
Micromotion study is suitable for short cycle
operations.
Memomotion study is done for medium and
long cycle operations. PMTS (predetermined
motion time study) is a work measurement
technique whereby times established for
basic human motions are used to build up
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the time for a job at the defined level of
performance. The most commonly used
PM TS is kn ow n a s M eth ods Time
Measurement (MTM).

Sol–27: (b)
Complete sequence of manufacture:Outline process chart flow process chart
flow diagram

•

Factory layout: movement of
materials:- Outline process chart flow
process chart-material type flow diagram
travel chart

•

Factory layout: movement of
workers:- Flow process chart-man type
string diagram Travel chart

•

Handling of materials:- Flow process
chart-material type flow diagram string
diagram

T
•

A

M

S

IE

Sol–26: (c)
Both CPM and PERT are based on the
network program which is an outgrowth of
the Gantt chart that was designed to control
the time element of a program. Scheduling
involves a quantifible measure, time, there
are several techniques available that can
be used to develop a project schedule,
including the Gantt chart and CPM/PERT
networks.

R

•

S

Sol–25: (c)
Aggregate planning is an operational
activity that does an aggregate plan for the
production process, in advance of 2 to 18
months, to give an idea to management as
to what quantity of materials and other
resources are to be procured and when, so
that the total cost of operations of the
organization is kept to the minimum over
that period.
Aggregate Planning is connected with
matching supply and demand of output over
th e mediu m tim e r an g e, u p to
approximately 12 months into the failure.
The term aggregate implies that the
planning is done for a single overall
measure of output or, at the most, a few
aggregated product categories. The aim of
aggregate planning is to set overall output
levels in the near to medium future in the
face of fluctuating or uncertain demands.
Aggregate planning might seek to influence
demand as well as supply.
The purpose of MPS is to meet the demand
for individual products in the product group.
At this level of planning product groups
are disaggregated into individual products.
It shows when incoming sales orders can
be scheduled into production. It also shows
when each shipment can be rescheduled for
delivery. It also takes into account current
backlogs so that production and delivery
schedules are realistic . It generates
amounts and dates of specific items to be
produced.

Linear programming problem and simplex
method was conceived by George Dantzig.
Adam smith dealt with division of labour
and specialisation. Deming developed
methods of quality control.

E

(4)

Workplace layout:- Flow process chartman type Two handed process chart
multiple activity chart simo chart cycle
graph chromocydegraph

•

Gang work:- Multiple Activity chart flow
process chart-equipment type

•

Movement of operations at work:Film analysis simo chart memomotion
photographs micromotion analysis

Sol–28: (a)
Smooth continuous motions of the hands are
preferable to zigzag motions or straight line
motions involving sudden and sharp changes
in direction. Rhythm is essential to the
smooth and automatic performance of
repetitive operation. The work should be
arranged to permit easy and natural rhythm
whenever possible. The hands should be
relieved of all work of holding the workpiece
where this can be done by a jig, future or
foot operated device.
Sol–29: (d)
 t p  t0 
Variance = 

 6 

2

2

 22  10 
= 
 =4
 6 

(5)
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= 25 – 1.0

Sol–30: (c)
FA + nVA = FB + nVB
Sol–35: (c)

Forecast for the month of February,

400
= 20,000
0.02

=


FFeb = 240

Sol–36: (c)

R

Given, the table gives details of an Assembly,
I
Work station
Total task time
at the work
7
station (in min)

Sol–33: (d)

Sol–34: (c)

Demand in december, Ddec. = 20 units
Forecast for december, Fdec = 25 units
 = 0.2
Forecast for January,
Fjan = Fdec    Ddec  Fdec 
= 25 + 0.2 (20 – 25)
= 25 + 0.2 (–5)

7

10

V

VI

9

6

Total work content
 100
No.of work stations  cycletime

=

48
 100 = 80%
6  10

A

M

IE

In case of increasing trends, value
obtained from regression would be higher
as compared to moving average.

9

III IV

=

line  80 %

Sol–37: (d)
Sol–38: (c)
12

11

1

3

10
5

12

14

S

Variable cost associated with automated
assembly line will be least because of the
large volume of production and the variable
cost for job shop production will be maximum
because of very small volume of production.

II

Line efficiency, line

S

Sol–31: (c)
Product standardisation consists of making
all given products alike; thus parts are
interchangeable. It makes possible shorter
setup times, quicker processing and longer
production runs with smoother production
flow. In addition, product standardisation
makes fo r simplified in spec tion
requirements with the application of the
principles of statistical quality control.
Standardisation of product also simplifies
the functions of storage, marketing and
distribution.
With a standardised interchangeable
product, mass production techniques can
be applied and labour can be specialised
and more effectively utilised. Further, the
management can decide to invest in fewer
specialised machines to produc e the
products.
Sol–32: (c)

280  250  190  240
4
960
4

FFeb =

E

=

FA  FB
800  1200
=
VB  VA 0.08  0.10

T

n =



Fjan  24 units

6
9

2

4
7

The minimum time for comptation of
project is the time of critical path i.e.
1  2  4  5  6 = 40 Days.

Sol–39: (d)
In PERT project duration is normal
distribution with mean equal to duration
of critical path.
Duration of critical path is 12 hence mean
of project distribution is 12 and standard
deviation
=

9 = 3

(6)
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Sol–40: (c)
Leaving basic variable in simplex method
is that basic variable which has smallest
coefficient in the key row.

Wage

Minimum
Guaranteed
wage

Bonus has parabolic
relation with output

Sol–41: (a)

When two ratios (XB/XK) in simplex table
are equal, it cannot be decided which of
the two elements will leave the tables.
Consequently, when two variable will leave
the table at a time degeneracy will occur.

When an artificial variable (i.e. S1 or S2
of S3) leave the basis, its column can be
deleted from subsequent simplex tables.
Sol–42: (d)
Total float for activity i – j is
= LFTj – ESTi – ti – J
= (Latest finish)j – (Earliest Start)i – Activity duration (i – j)

Sol–46: (a)

Value =

function
cos t

Function is also the utility of the product.
Sol–47: (b)
Sol–48: (b)

Sol–49: (b)
Material removal rate in EDM
depends on
(i) Current in each spark
(ii) Frequency of discharge
(iii) Dielectric flushing condition

S

•

Standard output

R

•

E

Dual of a dual is a primal.

T

•

S

M

A

Sol–43: (d)
• PERT is event oriented while CPM is
activity oriented.
• PERT uses probabilistic time estimates
while CPM is deterministic.
Sol–44: (b)
All the methods viz. North west corner
rule, least cost method, Row minima, Vogel
approximation method gives initial feasible
solution which may or may not be optimal.
Sol–45: (b)

 Ts  Ta   T

IE

E = R × Ta +

Ts

a

R

In a rowan incentive plan curves between
bonus earned and percentage time saved
is a parabola.

(iv) Melting temperature of work piece
material
It means hardness of work piece
and tool material does not
influence the material removal
rate.

Sol–50: (d)
Jigs is used for supporting and guiding
whereas fixtures are used for supporting,
locating and clamping of the job.
Sol–51: (a)
A – 2, B – 1, C – 3, D – 4
Sol–52: (d)
The properties that should be carefully
looked into during selection of electrolyte
in ECM are :
1. High electrical conductivity.
2. Chemical stability
3. Low viscosity and high specific heat.
4. Resistance to formation of passivating
film on workpiece surface.
5. Noncorrosive and nontoxic

(7)
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6. Inexpensive and readily available.

(Figure–2)

Sol–53: (c)
In USM, material is removed from a surface by microchipping and erosion with
fine abrasive grains in a slurry.

So, answer is figure 1 and 2.
Sol–61: (d)
Since normal temperature water is
brought into contant of high temperature
reservoir. The heat transfer is through
large temperature difference and will be
very fast. So the entropy change of universe will be positive.

USM is used for Brittle and hard material. The material removal rates are
higher for material with lower toughness.

 S univ.
Sol–62: (b)

C = 0.75
Th = 727°C
= 1000 K
C

S

Q2
Q1

A

M

S

IE
Sol–60: (a)

W
Q2

Tl
= T
h

0.75 = 1 –

Tl
1000

Tl  250 K  23C

Sol–63: (b)
Supersaturated flow results in :
(1)

Increase in mass flow rate.

(2)

Reduction in specific volume.

(3)

Decrease in enthalpy drop.

(4)

Decrease in exit velocity

(5)

Increase in entropy

Sol–64: (b)
Economiser is used for preheating the feed
water heater using exhaust flue gases.
Sol–65: (d)

According to first law of thermodynamics
in a cycle.



E

Tl
Q1  Q2
Q1
Q2
= 1 Q
1
For Carnot cycle (reversible cycle),

Gear hobbing is the only gear manufacturing process with generation principle

Typical products made by powdermetallurgy technique range from tiny balls
for ball-point pens, to gears, cams, and
bushing to cutting tools, to porous
products, such as filters and oilimpregnated bearing, to a variety of
automotive components such as piston
ring, value guides, connecting rods, and
hydraulic pistons.

Q1

C =

‘Go’ plug gauge controls lower limit of the
hole ‘Go’ gauge should be able to enter
into the hole thus controlling the lower
limit. ‘No Go’ gauge should not enter the
hole, thus controlling the upper limit.

Sol–59: (d)

Th

T

Sol–56: (c)

Sol–58: (b)
Production of metallic powder  Powder conditioning  Pressing or compacting into the
desired shape  Sintering

W
= Q
1

E

Sol–55: (c)
Since the maximum size of shaft is less
than the minimum size of hole so it is a
clearance fit.

Sol–57: (a)

> 0, [Irreversible process]

R

Sol–54: (c)
Sine bar is used for angle measurement.
For small jobs slip gauges is used along
sine bar. For long jobs height gauges is
used along with sine bar.

 Denotes heat given.

Q = W
(Figure–1)

 Denotes work done (CW).

V = (3 × 0 + 2 × 0) iˆ   2  2  3  0  ˆj 

 2  2  3  2  kˆ

= 4ˆj 2 kˆ

(8)
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 Magnitude =

heat and water. In third statement, the
mixing of ideal gases at constant pressure
in possible if there is concentration
gradient of different chemical affinity i.e.
chemical in equilibrium. But in stirling
cycle, all processes are reversible. So
process one and third are irreversible.

42  22 = 4  47units

Sol–66: (c)
Centre of Buoyancy is defined as the point,
through which the force of buoyancy is
supposed to act. As the force of buoyancy
is a vertical force and is equal to the
weight of the fluid displaced by the body,
the centre of buoyancy will be the centre
of gravity of the fluid displaced.

Sol–71: (b)
Heat capacity (Cp) = 5 J/K

Sol–67: (a)

entropy generation or total entropy change
of universe,

The discharge over a triangular weir or
notch is given by equation as:

Suni = Ssys  Ssurr
Container is insulated so Ssurr = 0

KH5/2

E

=

R

8

Cd  tan
2g  H5/2
Q=
15
2

Suni =

600 c pdT

300

T

0

600

= c p  nT 300

 600 
= 5  n 

 300 
= 3.465 J/K

Sol–72: (c)

A

5
K H3/2dH
5 dH
dQ
2

we get
=
2 H
Q
KH5/2

S

5
dQ = K H3/2  dH
2
Dividing by,

T

8

Cd  tan
2g
where
K=
15
2
Differentiating equation, we get

M

Thus, an error of 1% in measuring H
will produce 2.5% error in discharge over
a triangular weir or notch.
Sol–68: (b)

S

Area of vena contracta ac =

IE

Area of orifice discharge a =


2
 40
4

2
 50
4

 Coefficient of contraction

2
 40
16
ac
4
=
= 0.64
Cc =
= 
2
25
a
 50
4

m = 10 kg
T1 = 300 K
T2 = 350 K
Enthalpy change,
H = m c T
= 10 × 4.18 × 50
= 2090 kJ

Sol–69: (a)

Entropy change per kg.

Sol–70: (d)

 S 
  = c
 m 

Irreversibility requires inequilibrium. In
given process, gradual heating of water
from hot source is possible only if there is
temperature difference between source of

350

dT
T
300



= 4.18 × ln (350/300)
= 0.64435 kJ/kg-K
= 644.35 J/kg-K

(9)
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656 J/kg-K

4. Total mechanical energy per unit mass
remains constant.

Availability,

Sol–77: (a)

= U – T0 S

During reversible non-flow process, work
done

= 200 – 300 × 0.656
= 12.2 kJ/kg

p1v1  p2 v 2
n 1
As n increases, W decreases.

Loss of availability

W =

= T0 S
= 300 × 0.656

Further adiabatic mixing is irreversible
process.

= 196.8 kJ/kg

Sol–78: (d)

= 1968 kJ

Let the total mass of the mixture be m1.

Sol–73: (b)

Then, sum of number of moles of each
constituent

R

The difference between Cp and Cv,
2

 V   P 
Cp – Cv= T 
 

 T P  V T

E

 m1m1 m1m2 m1M 3

=  M  M  M  ... 

1
2
3


This question has two answers as-

If the molecular weight of the mixture
= M.

T

(b) As absolute temperature T approaches
zero, the above expression,

Then, number of moles



Cp = Cv

 P 


 V T= Tc = 0
 C p – C v= 0

=

 m1m1  m1m 2  m1m 3 
= 


M


M =

Hence at critical state, the difference
of liquid and gases diminishes.

IE

Sol–74: (b)

=

Sol–75: (d)

All the given statements are properties of
the streamlines, except statement (4).

=

Sol–76: (b)
In forced vortex motion.
1. Shear stress is zero only in ideal flow
2. Since flow is vortex hence vorticity
exists.

m m
1



S

Cp = Cv

m1m1  m1m 2  m1m3
M

 m1m1 m1m 2 m1m 3



 ... 
Hence, 
M2
M3
 M1


M

(d) At critical point-

A

=0

S

2

 V   P 
Cp – Cv = 0 
 

 T P  V T

1

1

 m1m 2  m1m 3  ...
1

1

 m m1 m m 2 m m 3



 ... 

M2
M3
 M1


 m1  m 2  m3  ....
 m1 m 2 m 3



 ... 

M
M
M
2
3
 1

1
 m1 m 2 m 3



 ... 

M
M
M
2
3
 1


Sol–79: (d)
Efficiency =

3. v = r  (Always satisfied)
=



net work done
heat input

area enclosed in T  S diagram
heat input
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flow i.e. unity mach number.
4.Stagnation pressure always decreases
along fanno flow.

1 
 5  1   800  400 
= 2
= 0.25
800   5  1

Sol–80: (b)

Sol–84: (c)
Sol–85: (a)
Boilers are provided with economizer and
air preheaters to recover heat from flue
gas. An increase of about 20% in boiler
efficiency is achieved by providing both
economizers and air-preheaters. The
feedwater from high pressure heaters
enters the economizer and picks up heat
from the flue gases after the low
temperature superheater. Similarly, air
preheaters are provided in boilers to
preheat the combustion air.

Sol–81: (c)
Heat generated by fricitonal forces
is 1 hour = 5 × 3600 kJ
5  3600
= 61.4kJ/K
293
Since all the heat generated by
frictional forces is transferred to the
surroundings,
 Ssurr =

E

Sol–86: (c)

02

P

T

M

A

Sol–82: (a)
Across a normal shock, static temperature
and pressure increase, whereas the
stagnation temperature remains constant
and stagnation pressure decreases.
Sol–83: (c)

Stagnation
condition

S

2

IE

M<1

M>1

Fanno flow

1.

2
4

pi
s

Hence, we can see that the heat rejected
through the condenser increases thus reheating leads to increased condenser requirements.

Sol–87: (a)
In surface condensers, cooling water and
steam are not mixed up, hence condensate
can be reused as feedwater as it does not
mix with the cooling water.
It is more suitable for high capacity plants
as vacuum efficiency is high.

P0
M=1

Smax

5

S

= 0 + 61.4 = 61.4 kJ/K

1

3

6

Suniv = Ssys  Ssurr

h

1

p0

T

Ssys = 0

P 01

R

Gibb’s theorem states that the entropy of
an ideal gas mixture is equal to the sum
of entropies each pure gas would have, if
it alone occupied the volume of the
mixture at the temperature of the
mixture.

However, less power is needed for air
pump but more power is required for
water pumping.
Sol–88: (d)
s

The effect of friction in Fanno flow in
subsonic region is to increase mach
number toward unity.
2.For supersonic Fanno flow, the effect
of friction is to decrease mach number
toward unity.
3.The entropy is maximum at sonic

When the degree of superheat needs to be
controlled, an attemperator is fitted
between two superheaters and thus the
desired temperature is obtained. The
control of the degree of superheat is
obtained by injecting water or steam into
the superheater.
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 =

  du n 1 
 du 
A 
 

B
dy
 Apparent vis cos ity  dy 
 

Sol–89: (d)
Heat from flue gas can be used to preheat
boiler feed water in an economizer. while,
this measure is fairly common in large
boilers, there is often still room for more
heat recovery. The limiting factor for flue
gas heat recovery is that one must ensure
that the economizer wall temperature does
not drop below the dew point of acids
contained in the flue gas (such as
sulphuric acid in sulfur-containing fossil
fuels).

Now when B = 0,
n = 1

... Newtonian fluid, viscosity
invariant of shear stress.

n > 1

... Shear thickening fluid i.e.,
apparent viscosity increases
with increase in deformation

... Shear thinning i.e., apparent
viscosity decreases with
increase in shear stress
(Psedo plastic)
Now when B  0,

Sol–90: (c)
Sol–91: (d)
Boiler mountings are fittings for the safety
of the boiler, and for complete control of
the process of steam generation. The
mountings form an integral part of the
boiler and are mounted on the body of the
boiler itself.

n < 1

S

... Thixotropic i.e., apparent
viscosity decreases with
increase in shear stress.

A

Sol–93: (c)
Meniscus



Ex-Air
preheater,
Economiser,
superheater, feed pump, Injector.




M

Sol–92: (c)

... Rheological fluid i.e., apparent
viscosity increases with
increase in shear stress

T

n > 1

Ex- Safety valve, water level indicators,
pressure gauge, fusible plug, steam stop
valve, feed check valve, blowoff cock.

Boiler accessories are installed to increase
the efficiency of the steam power plants.

... Ideal Bingham fluid (tooth
paste)

E

n = 1

R

n < 1

Correct sequence should be (c).

h



d

glass tube

Thixotropic
(Printer Ink)

IE

S

0
B
Ideal Plastic
1,
<
n 0

B 0
Rheological fluid
1, B
n= >1,
n
=0
B
1,
Newtonian fluid
n>
0
=
Dilatant (Butter,
B
0
=
1,
Concentrated
= ,B
n
Sugar Solution)
1
<
n

Yield Stress

t

Pseudo plastic
(Mud slurries Blood)

O

Surface tension force in upward direction
= d cos 
... (i)
 Weight of the liquid in the downward
direction
 2 
=  4 d hw



 du 
 dy  Ideal fluid
 

... (ii)

Equating (i) and (ii)
General equation for fluid shear stress
n

 du 
 = A
 B
 dy 



 2 
d cos  =  d h  w
4

 4 cos  
h = 

 wd 

... (iii)
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Wt. of cylinder = Wt. of the liquid displaced

Sol–94: (d)

D2
D2
LS =
 x 1
4
4
0.6 L = x

3

(H2 – H1)
H2

H1
1

Putting the value of K in equation (i)

2

A

L  0.6 L
D2
=
2
16  0.6L
25
5
L


=
48 4 3
D
Note: From eq. (ii)

B

PA – 1 gH1 – 3g (H2 – H1) + 2gH2 = PB
   PA – PB = 1 gH1 + 3g (H2 – H1) – 2 gH2
Hence, option (d) is correct.
Sol–95: (d)

R

x = SL
S < 1.0 (water)

Putting value of x in equation (i)

liquid surface profile
after half of the
liquid spilled out of
paraboloid of
revolution

E

D2
L  SL
=
16 SL
2

8 L2 (1  S)S = D2

T

A

S

pa = 0
From figure


z = 0
pA = 0

or

M

A

 When 1/2 the liquid is spilled out, the
pressure at the centre of the bottom will be
zero.
Sol–96: (d)

S

x

   z =

=

D
L

D

1
8 S (1  S)
1
8S(1  S)

1  2  2 
1  v u 
 –  = 2  2  2  ... (ii)
2  x y 
y 
 x

For irrotational flow  z = 0

D

 2

For neutral equilibrium



GM = 0

x 2



2
y 2

= 0

or if  satisfies Laplace equation, flow is
irrotational. Otherwise the flow is rotational.
Hen ce, v ortic ity and stream function
parameters exist both in rotational and
irrotational flows.

BM – BG = 0

I Lx

= 0
V  2 

Lx
D4
=
2
2
D
64 
x
4

For cylinder to be in equilibrium,

2

where S is the specific gravity of cylinder with
respect to fluid, in which cylinder is floating.

L

D2
(L  x)
=
16 x
2

L2

 v u 
–
 = 2wz ..(i)
Sol–97: (c) Vorticity x = 
 x y 

S = 0.6

IE

... (ii)

... (i)

   
   
 
 
1  v u  1   y 


  x  
wz =
2  x y  2  x
y 
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=

Carburizing: Carburizing is a process used
to close harden steel with a carbon content
between 0.1 and 0.3 wt% C. In this process
steel is introduced to a carbon rich environment and elevated temperature for a
certain amount of time, and then quenched
so that the carbon is locked in the structure. This is done to provide a tough part
with good wear characteristics.

1   2
 2 


  0  Irrotational flow
2  x y y x 

Thus Velocity potential function exists only
for ideal flow and irrotational flow
Sol–98: (c)

Sol–109: (c)
Sol–110: (b)

R

Capital budgeting is the planning process to
determine whether an organisation’s long
term investments are worth funding capital
budgeting is a technique for an efficient
allocation of resources in the capital projects
such that these projects can provide a return
to the investors.

E

 A streamline is an imaginary curve, drawn
through a flowing liquid such that the
tangent to it at every point gives the
direction of the velocity of flow at the point
so stream lines do not cross each other
because at any point there can not be two
tangents. Hence we can say that flow
between two stream lines is confined. If
spacing between stream lines increases
then due to continuity of flow, velocity
will decrease. Hence stream lines spacing
varies inversely with velocity at the
section.
 In steady flow, flow parameter does not
change with time.
Sol–99: (b)



M

Where Fg  Fp  ma

It is based on momentum conservation.
Hence correct option is (b).
Sol–100: (b)
Cv = 0.98

V = Cv 2g (Pstag  Pstatic )

IE



Pstatic = 0.5 m

S

Pstag = 3m ;

= 0.98 2  9.81(3  0.5)
= 6.86 m/s

Sol–101: (b)
Sol–102: (c)
Sol–103: (c)
Sol–104: (c)
Sol–105: (a)
Sol–106: (d)
Sol–107: (d)
Sol–108: (b)

Sol–111: (c)

A

Euler’s equation –


T

S

Bernoullis equation is applicable for steady
incompressible flow along a stream line.


Time value of money should be considered
while evaluating the investments because
due to inflation, the value of money
decreases.
The chronocycle graph is a special form of
cycle graph in which the light source is
suitably interrupted so that the path appears
as a series of pear-shaped dots, the pointed
end indicating the direction of movement and
spacing indicating the speed of movement.
The time taken for the movement can be
determined by knowing the rate at which
the light source is being interrupted and by
counting the number of dots. A chronocycle
graph can thus be used to study the motion
pattern as well as to compute velocity,
acceleration and retardation experienced by
the body member at different locations.

Sol–112: (c)
Marginal cost is the change in total cost
that arises when the quantity produced is
incremented by one unit, i.e. it is the cost
of producing one more unit of a good.
Sol–113: (a)
Gang process chart is an aid in studying
the activities of a group of people working
together. This chart is a composite of
individual member process charts. Those
ac tiv ities
w h ic h
ar e
per for med
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simultaneously by gang members are
indicated side by side. The basic purpose of
the chart is to analyze the activities of the
group and then compose the group so as to
reduce to a minimum all waiting time and
delays.

there are large deviations from ideal gas
behaviour at or near the critical point.
For the heavy molecular weight gases at
high density values, the molecular
interactions are large and intermolecular
attractive force must be accounted.

Sol–114: (c)

Different gases behave differently at a
given temperature and pressure, but they
behave very similarly at temperatures and
pressure, normalized with respect to their
critical temperatures and pressure.

Sol–115: (b)
Value analysis is superior to other cost
reduction techniques as it reduces
unnecessary cost without reducing the
functionality or utility of the product.
Sol–116: (c)

Reduced pressure Pr =

R

Vacuum is provided to avoid the dispersion
of electron after magnetic lens in EBM.
This vacuum is giving an addition function
of providing efficient shield to the weld
bead.

T
Tcr
The compressibility factor for all gases is
approximately the same at the same
reduced pressure and temperature. This
is called the principle of corresponding
states.

T

E

Reduced temperature Tr =

Sol–117: (b)

Sol–120: (c)

A

S

Sol–118: (b)
Hobbing cannot be used for machining
internal gears because of the clearance
needed for the hob. Gear shaping can cut
internal gears, splines and continuous
hearringbone gears that cannot be cut by
other processes.

M

Sol–119: (d)

IE

S

Though ideal gas equation of state predicts
the behaviour of gases reasonably in the
normal temperature and pressure ranges,

P
Pcr

The clausius inequality is given by
dQ
 0
T
Clausius inequality provides the criterion
for reversibility of a cycle.



dQ
 0, the cycle is impossible since
T
it violates the second law of
thermodynamics.

If



