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DETAILED EXPLANATIONS

1. (b)
The total elongation of the wire will be the sum of the elongations of the individual sections AB,
BC and CD. Considering FBDs of these sections,

A B B C C D
40N 40N 60N 60 N
50 N 50 N
<L — [ 3L | e—— 2L —

Therefore, total elongation of the bar is given by
AL = AL, + ALy + AL,

(4], (22) ()
- \AE AB AE )¢ AE Jcp

4><50><L+4><40><3L+4><60><2L

nD’E nD’E nD’E
= ( 42 )(50 +120 +120)
nD“E
1160L
nD’E

Now, the maximum stress will be in the portion where the maximum force is acting as the diameters

(3) _4x60 240
Omax co wD*> D’

of all three portions are same.

2. (b)

ST F T T E (1)
where, 6, = 6, = 0, = -300 MPa (as pressure is a compressive stress)

Putting the given values in equation (i),

~300x10° 1 (-300x10°) 1 (-300 x10°)
*100x10° 4 100x10° 4 100x10°
e, = -3x103+0.75 x 103 + 0.75 x 1073
e = -15x103
Change in dimension, A = €L,
= -1.5 x 1073 x 100
= -0.15 mm
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3. (o)
A pinned support is capable of resisting a force in any direction of the plane.

|

Beam

A roller support is capable of resisting a force in only one specific line of action.

!
L )
{

4. (d)
The torque in the shaft can be expressed as T = tx, where t = 40 kN-m/m. Using the expression for
the torque, the angle of twist can be calculated as

L L 2
o = J.ldxzi xdxzi
1167 7 6} 2G]

If the angle of twist must be limited to 0.05 rad, the minimum polar moment of inertia is given by

t> 40000 x 107
20G  2x0.05x 40 x 10°

] =

J = 10°® m* =10° mm?*
J = 1000 x 10°® mm?*

6. (o)
Block slides itself if inclination of plane is greater than angle of repose else it has to be pushed
down.
7. (o)
Applying energy conservation equation between A and B.
E, = E4
1 -
- mgx2 = 5™V
= vy = 2\/§ m/s
Using 3rd equation of kinematics between B and C,
U(Z; = v;ﬁ; + 2as
= 0 = 4¢ - 2ugH
48
= —<==05
= u 89
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(d)

The flexural rigidity can be increased by using a stiffer material (a material with a large modulus
of elasticity E) or by distributing the material in such a way as to increase the moment of inertia of
the cross-section, just as a beam can be made stiffer by increasing the moment of inertia.

The moment of inertia is also increased by distributing the material farther away from the centroid

of the cross-section.

(a)

L | L | L |
|<_ ? T 3 T 3 1
Calculating reactions at the supports,
R,xL+M =3M
Ry =T
. L
For portion AC (O <x< 5)
X
A
2M/L .
BM = 2(x)
L
meo b2
For portion CD 3= 3
BM = %x—i- M
L
X
A /}M
(e
R, X
2M 5M
= ——+M=—
BMc = 71 3
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2L
For portion DB (? Sx< L)

M
3M
e
A w D
2M/L x
| L | L
I 3 . 3 —
BM = ZTMx +M-3M
= 2—Mx -2M
L
2M 2L 4M —2M
= —x—-2M=—-2M=——
BMp = 77773 3 3
Therefore, option (a) is the right answer.
10. (a)
The triangle ABC is equilateral and the side is given from which radius of the circle can be calculated
O
) /K\ )
23m D
@ o 300
OB - <os
25 B
- OB ~ 2
= OB =4m
Moment of inertia of the circle about an axis perpendicular to the plane of the figure,
I = mr? {m=pL=05(2nR) = 4nkg}

I = (4n)(4)* = 64 w kg-m?
Moment of inertia of a single side of the triangle about centre O,

ml?
Iyc = =5 +m(OD)’ {m=pad3 =243 kg}

= Lﬁ; B 12302

= 83 +8V3 =163 kg-m?

Moment of inertia of triangle = 3 x [,
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11.

12.

13.

14.

3% 16+/3 = 4843 kg-m?

Icombined = IC +3[BC
= (64m+48V3) kg-m?
(b)

1 2L B
i /2
i K3

D 9
PL <
A 4

The force can be transmitted at end C as shown.
Net moment at A will be, M , = 2PL - PL
= PL

(a)
Since the given SFD is parabolic in nature, which means the slope of the shear force curve will give
the variable loading. From the given loading diagrams, only the option (a) matches the equation,

9F _
Y
(d)
Taking moment about A,
M, =0
2x2+6x4+5x2%x5 =Ry x6
78
B R, =6+2+10-13=5kN
The bending moment diagram of the given loading can be shown as
16 kN-m
/ml(m’/‘
[ 2m | 2m | 2m I

(b)

In an I-section, the shear force carried by the flanges is small as compared to that carried by the
web. This is true especially in case of widely thin sections.

Also, for a triangular section, the maximum value of the shear stress is 1.5 times the average shear
stress.
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15. (c)
Calculating the reactions at A and D.
2M, =0
15x2+30%x4 = R, x5
= R, = 30 kN
= R, = 15+30-30=15kN
Bending moment diagram for the beam can be made as
30 kN-m
I 2m | 2m <= 1m -]
The magnitude of maximum bending stress is given by
O Mmax
y 1
M
= G, = —Tax y
30x10° x 0.2 x 12
% T (0.10)x(0.4)
90
16. (b)
. T_G . .
In the relation, 7 = T as T, L and 0 are same for solid shaft and hollow aluminium shaft, therefore,
s Gy = Ja G
n D* - g* T 3
2G4 X — = Gy x—=D
A7 D Y
= 2x (D*-d% = D*
= 2D* - 2d* = D*
= 24 = D*
D
= i JV2
17. (b)

The torque in the shaft is

P 11000 x7

= 7% 70 N-m =70 x 10° N.mm
® 2x22x25

T =

Maximum shear stress in the shaft is given by
T

]

T
r
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Tr _ 16T
= T = ] 7ID3
3
- .- 16X70X1OBX7=44.5MPa
22 x (20)
18. (d)
Axial compressive load in the bar is given by
P = EAaAT
Euler’s crippling load is given by
_ 4n’El
cr 12

Therefore, for the calculation of increase in temperature,

P =P,
An’El
EAQGAT = —5—
L
an’l
AT = 5
0AL
19. (d)
L o An’El
Initial Euler’s crippling load, P, = 2
_ 4n’Emd’
2 64
. o m2El’
Final Euler’s crippling load, P, = 2
_ mE_n(0.8d)"
S 2 64
Percentage reduction in Euler’s crippling load
_ BB 009
P

1

4’E nd* TwPE &

X T 2 T (0.8d)*
12 64  ? 64( )
= 2
47EE><£><d4
12 64
4-(0.8)*

=7 %100 = 89.76%
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20. (d)
Deflection at free end due to distributed load = Deflection at free end due to prop
wt PP
8EI ~ 3EI
wh_ P
8 3
-
-8
21. (a)
Internal diameter of the cylinder, d = D - 2t
=180-2x75
= 165 mm
Pd 20x165
Olong = af ~ Ax75 110 MPa
Pd_ 20x165 _ 220 MPa-

Choop T 2t~ 2x75
If the longitudinal axis of the cylinder is defined as the x-axis and circumferential direction as the
y-axis, then the normal and shear stresses on longitudinal and circumferential faces of a stress
element are

o, = csp1 =220 MPa, o, = cpz =110 MPa
o, —O 110
_ m P2 _ _
Toax = — 5 T 55 MPa

22. (c)
The free-body diagram of the block can be drawn as

f
12 N—p ° €—N

W=5N
For equilibrium of the block,
N =12N
f=W=5N
Net force applied by the wall, R = , / f2 + N2
R = {52 +12?2 =13 N
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23. (d)
Power of a body is given by,
p
p
a

Using 2nd equation of kinematics,

24. (b)

Fv = (ma)(v)

(ma)(at) ¢ u=0)

¢ Centre of mass of rope

e

The centre of mass of the rope rises by 5 and the centre of mass of the bucket rises by h.

W

man

25. (a)

Centre of mass of the rod is given by,

_ 0

APE (rope + bucket)

mg%+ Mgh

m
hl —+ M
g(2+)

L L
jxdm jx pdx

L = OL
jdm jpdx
0 0
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L
Jx%xzdx L
_ 0 -4
- L 3
L
J%x2 dx 3
0
"
T4’ 4
26. (a)
| a I
T 2
a 90° !
a 45°
2
2
1
Ma?
L, = 12

Using parallel-axis theorem,

2
a
b = 1 M{ )

B Ma? N Mad?
12 2
_ Mad® +6Ma* _ 7Mad?
12 12

27. (c)

The angle 0 is given by
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o R_1
cosh = S5 =75
1
-1
= —|=60°
g = cos (2)
N = T cos6 ..(1)
mg = T sin® ...(ii)
Dividing equation (ii) by (i),
Tsinb  mg
Tcos® N
m
tan® = Wg
m
tan60° = Wg
mg__mg

N = an60° V3

28. (a)
The vertical reaction due to weight will be in upwards direction on both the hinges. The horizontal
reactions will form an anticlockwise couple which will balance the moment due to weight.

29. (d)
Let the a, and a; be the acceleration of A and B respectively. Drawing free body diagrams and
applying Newton’s laws of motion.

T T T/2
A A
aa ag
\4 \4
mg T/2 T/2 mg
Block A Lower Pulley Block B
T-mg = ma, ..(1)
T
mg =5 = mag (ii)

From constraint equations,

ag = 2a, ...(iid)
Eliminating T from equation (i) and (ii),

mg = mfa, +2ap)

a
mg = m(?3+ 2613)
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30.

31.

5(13
= mg = m N
28
= ag = &
5
(d)

Acceleration the blocks is given by,

_ OFdg-dg dg g0
12 12 3

~

l

58
Acceleration for A will be upwards and for B and C will be downwards. Applying Newton’s law
to the block C.

5¢-T = ba
5
T = 5g—5a=5g—?g
10g
= —=N
T 3

(b)

The area of the unslotted portion is

unslotted (300)(10) = 3000 mm2
The slotted portion of the bar has an area of A = (300 - 100)(10) = 2000 mm?

slotted —

P\ Lyysiotted | Lstotted
. The overall elongation of the bar is A = E|: Auns S+ AS o
unslotted slotted

18000 [ 1 1 }
= 9 L 3
100 x 10” | 3000 x 10 2000 x 10
= 18020 [5] =0.15 mm
10° L6
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32. (d)
The forces on individual sections can be shown as
A B B C C D
5P 5p P P 2p
2P
f«— L/3 —> l— L/3 —I f~— L/3 —>
Total strain energy is given as
2
L
_ gL _(L/3) /3)((513)2 + P2+ (2P))
2AE  (2AE)
- (L)(%PZ +P2+ 4P2)
6AE
2
- (L)(ssopz) _5LP
6AE AE
33. (b)
T, T _3\2
A= d —Zx(20x10 )
= Q x10™4m?
7
LB
- AE
,_ ME
= T L
_05x107 x22x107* x 56 x 10
2x7
= 4400 N
35. (b)

Considering a short length dx, at a distance x from the end A,

3

x
Temperature, t = tL_3
. Increase in length of dx due to temperature rise
A, = dx-o- t,
3
x
= (Xt—3 dx
L

L x3
J.Ott—de
o L

Total increase in length, A,
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36.

37.

38.

39.

40.

43.

Compressive stress setup in the bar

E otL(E
o2

(d)
If the centre of mass of a system is at the origin, then the product (mx) for the particles on the right
side of the origin is equal to the product (mx) for the particles on the left side.

(d)

The point of contact between the ground and the man at which friction force acts, does not move,
therefore work done by the friction is zero.

Second statement is true as the net work done by the all forces in a system is equal to the change
in kinetic energy of the system. This is known as work-energy theorem.

(b)

For constant flux condition,

Nu = 4.36
h—D 4.36
kf )
436x1.5
=m0
h = 545 W/m2K

(0)
Nusselt number hL. /k f_ ks
Biot number  hL./k, k £

(c)
The thermal conductivity of gases is inversely proportional to molecular weight of gas and directly
proportional to its temperature.

()

Generalised conduction equation,

] 19T

V2T+q—g = —=;

k o dt
For steady state and no heat generation,
V2T =0

This is laplace equation

©cCopyright: MMIADE ERSY www.madeeasy.in
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45.  (c)
Ratio of temperature drop,

ATl . AT2 :AT3

46. (c)

Critical radius of insulation, .

Te

.92 93
ki ky ks
[Since wall thickness and cross-section area are equal]

= i =6:4:3

E _0.15
h 3
0.05 = 50 mm

Since the temperature given is of insulated surface.

Heat lost by surface, Q =

47. (b)
qu%nRg’
= q

49. (d)

hAAT
3 x 21 x 0.05 x 50
4712 W

q’4mR?

4gR

3

The thermodynamic cycle is completed in two strokes of the piston or in one revolution of the

crankshaft. Thus there is one power stroke for every revolution of the crankshaft. So, turning
moment is more uniform and hence a lighter flywheel can be used.

50. (d)

T]mech

= 0.8

= B.P

I.P.

= I.P.

or 0.2 x LP.

I.P.

B.P.

BP
IP

B.P.
I.P.

0.8 x LP.

B.P. + L.P.

0.81.P. + 25

25

125 kW

0.8 x I.P. =0.8 x 125 = 100 kW
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51. (d)
p. _ PuLANK
T 60x2
Mean piston speed, S, = 2 LN
8x10° x120x10™* x 4 x LN
4 10° =
010 120
40 x 10% x 120
LN = 5104
8x120x10° x10™ x4
LN = 125m/min
_ 2LN  2x125
or Sp = o0 - o =416 m/s =~ 42m/s
53. (b)

The mean effective pressure of the cycle is given by

Plr(rp - 1)(7’7_1 - 1)
" =D
Thus, the mean effective pressure which is an indication of the internal work output increases with

pressure ratio at a fixed value of compression ratio and ratio of specific heats.

54. (c)
With no dissociation maximum temperature is attained at chemically correct air-fuel ratio. With
dissociation maximum temperature is obtained when mixture is slightly rich. Dissociation reduces
the maximum temperature by 300°C even at the chemically correct air-fuel ratio.

3200
No dissociation

3000 + °
) 2800 + i
°_ I
g '
2 26004 !
) '
Q—1 1
g i
S 2400 1 i

2200 + i

Lean <1 Rich
2000 } } : f |
0.6 04 0.2 0 0.2 0.4 0.6

Degree of richness

Effect of dissociation on temperature
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55. (a)
During idling, the final mixture of fuel and air in the combustion chamber is diluted more by
exhaust gases. This results in poor combustion and loss in power output. It is therefore, necessary
to provide more fuel particles by richening the air fuel mixture. This richening increases the
probability of contact between fuel and air particles and thus improves combustion.

57. (b)
- - 18 185 [18°
Equivalent length of pipe, L, ~ \100 + 100
1 _ 4
L, 100
L, = 25m
59. (a)
For Couette flow,
Vy 1 ap) 2
= - - —_ — t -
u t Zu(ax (y y )
If Fle 0 then it becomes simple Couette flow.
For simple Couetee flow,
_ W
T
@ —pY - constant
=K dy " t
60. (d)
Given:r=10-6=4cm
T2
For laminar flow, Ul ocal = Umax | 1— F
1.5 1—£ —15><ﬁ—126m/s
= 102) 100

61. (d)

®

On upper side of cylinder fluid and boundary are moving in same direction so no formation of
boundary layer will occur. This is one of the famous method to avoid boundary layer separation.
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62. (a)
8 3 1/10
u )
N (P A
-([ u .([ (8)1/10
)
_y11/10 10
= Y7 §710 *
0
G (1_2)_l
5 1) 11
63. (c)
_ _ {0.02 _
Shear velocity, u, = U é = Lt,fT =0.05u
Umax —u _
" =375
U~ = 3.75x% 0.057
u .—u = 01875u
u . = 118757
gy _ LI8750 _ o
Us 0.05u
64. (a)

Flow past a sphere Flow past a streamlined body

Wake over sphere will be more than that of streamlined body.

65. ()
Alvl AZVZ
T
7 X36%5 = o x1d4xV,
V, = 1.25m/s
Vi -V,)*  (5-1.25)2
h = (12g2) _ 2><10) _07
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66.

67.

69.

()

Diagram power, P

Now, diagram efficiency, 0,

Mp
(d)

Steam velocity, V,;

For maximum blade efficiency,

Y
Vi
Vb
7D, x 3000
or 60
or

(b)

Thrust power, P,

F,x V,
800 x 400
320 kW

P 320 x 10°

%xms % %x0.75 x 10007

85.33%

44.72/(Ahjge,, 1)

44.72 x /1600
1788.8 m/s

coso.  cos30
2 2
Vicos30  1788.8 x cos30°
2 2

=77457 m/s

774.57

774.57 x 60
7t X 3000
493 m

1i1,C7 X (1 — o)

C; . . . . .
where, oo =—; C; = Air velocity at inlet and C; = Jet velocity at exit

j

. dPr

For maximum thrust, —
do

1-20

= o
G

or -
G

or C].

NlR Nk @

o
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70. (o)
or
or

73. (a)

74. (a)

Propulsive efficiency

nprop

anP

(4)° = 64

Thrust power

Propulsive power

m, (C; = Ci)C;

1 . 2 2

21(C} = CF)
2GC;

Ci+G

If throttle governing is done at low loads, the turbine efficiency is considerably reduced. The
nozzle control may then be a better method of governing. The nozzles are made up in sets, each

set being controlled by a separate valve.

0000
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