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Section A : Thermodynamics [All Topics]
Section B : Strength of Materials and Mechanics [All Topics]

1.  (a) (i)
Given:
The piston-cylinder device is frictionless.
Initial pressure inside the cylinder,

P,= 150 kPa
Mass of piston, m = 10 kg
Diameter of piston, d =10 cm = 0.1 m
Mass of one brick, M =16 kg
Final pressure inside the cylinder is increased by 200%, so the final pressure will be
three times the initial pressure,
P, =150 x 3 = 450 kPa P
Mass of one brick, M = 16 kg

FBD of piston at initial condition: [T

atm

mg
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At equilibrium condition,
P, A+mg=PA

m
Patm+7g =P1
m
Patm"'n 2g =P1
Z><(O.1) x 1000

atm

where A is area of piston

10x9.81

g % (0.1)% x 1000

=137.51 kPa

Now, when the pressure is increased by 200%, by placing ‘N bricks, forces on the piston

are:
Pntm
(o]
Pgns
(m+NM)g
At equilibrium condition:
P, A+ (m+NM)g+=P,A
P, + (m+NM)g = P,
A
m+ NM
P, n( 2 )8 - p,
1 % (0.1)* x 1000
_ 13751+ (1;) + N x16)x9.81 - 150
31X (0.1)% x 1000
= N =15.011 ~ 15 bricks
(ii)
Given:

Input power = 30 kW
Output power = 26 kW

Surface temperature of gear box,

T,=55°C =328 K
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Surrounding temperature, T,=27°C=300K

_________________________________

! Gear box j
| ?—26 kW
System boundary
From conservation of energy,
dE .
T Q+W
. dE
_ Since, £ = 0
— Q W [ ince 7 ]
= Q =-(26-30) =4 kW

Since the gear box is operating under steady state conditions, so for a closed system the
entropy rate balance would be

s O
E = 2?4' 5Sgen
Here, heat transfer takes place only at temperature T, so, we get
-4 .
O = @ + Ssgen
N 8 gen = 3478 _ 001219 kW/K = 12.19 W/K

Note : The value of entropy production rate calculated above signifies the irreversibility
associated with friction and heat transfer within the gear box.

If we take immediate surrounding as the boundary i.e., at temperature 300 K an additional
source of irreversibility is included in the enlarged system, namely the irreversibility
associated with the heat transfer from the outer surface of the gear box at T, to the
surrounding at T,.
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1. (b)
Given :
Initial pressure, P, = 500 kPa
Initial temperature, T, =727°C=1000 K
Initial volume, V; =1 m®
Process (1 - 2) is an isothermal process
Intermediate pressure, P, = 300 kPa
Final temperature, T, = 27°C = 300 K

The figure below shows the Schematic and P-V diagram for the given system,

P(kPa)
500 kPa
Stoppers 4 2,3
300 kPa
o 1

Assumptions:

1.  Air is assumed to be an ideal gas.

2. The kinetic energy and potential energy are neglected.
3. The piston-cylinder arrangement is frictionless.

Considering air inside the cylinder as system and applying energy balance equation for
closed system:

dQ =odU + W (1)
For process 1 - 2 (Isothermal process)
I =T,
Py
= 5Q = mCy (T -T1)+ AV, IH(P_ZJ
= d3Q = O+500><1><ln(§—88)= 255.41 k]
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Mass of the air in the cylinder,

BV 5001
RT;  0.287 x1000

For process (2 - 3), the process is isochoric i.e., constant volume.

(8Q)y = mCy (T3 - T»)
=1.742 x 0.718 (300 - 1000)
(0Q), = -875.61 kJ
Hence, for the combined process net heat transfer will be
8Q =255.41 - 875.61 = -620.2 kJ

Here, negative sign of the net heat transfer indicates that heat flows out of the system
boundary,

or, (0Q) = 620.2 K]
1. ()

Given :
Initial pressure, P, = 10 bar

Initial temperature, T, = 500°C
Process (1 - 2) is isobaric
Process (2 - 3) is isochoric
Assumptions:
1.  The changes in kinetic energy and potential energy are negligible.
2. Water contained in a piston-cylinder device forms a closed system.

3.  The piston is the only mode of work transfer.

System boundary —~

ocCopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 1 MECHANICAL ENGINEERING | 25
(i)

The processes are shown in P-v and T-v diagrams as below:

P 10 bar
T 500°C
1
500°C
A\
«—x1
10 bar 179.9°C |2
Y
Y 179.9°C
43y, 130°C
[ N ) T
0 0

Since at state 1, T, = 500°C which is greater than saturation temperature corresponding
to P, =10 bar i.e., 179.9°C so, state 1 is located in the superheated region.

(ii)
For the overall process;

W= (W), , + (W), ;

2
= J.pdV +0 ( Process (2—-3) is isochoric)
1
2
= SW = PJ.dV =P(V,-V;) (.- Process (1-2) is isobaric)
1
4%
= 7 = P(?J2 - 01)
From steam table; At P =10 bar; T, = 500°C; v, = 0.3541 m?3/ kg; u, = 3125 k] /kg;
and At P =10 bar; T, = 179.9°C; v, = 0.1944 m®/kg
4%
T 10 x 100 x (0.1944 - 0.3541)
=-159.7 k] / kg
The negative sign indicates that work is done on the system.
(iii)
For the overall process,
dQ =odU + W
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5 SW
- 00 _ iy —uy)+ ..(0)
m m

Since state 3 is in the wet region so, to get specific internal energy u, we first need to find
dryness fraction at this state.

At state 3; T, = 130°C and v, = v, = 0.1944 m?/kg
So, at 130°C; 0,= 0.00106971 m’/kg
- 3
0, = 0.668 m*/kg
. Uy =0t x3(vg—vf)
= 0.1944 = 0.00106971 + x, x (0.668 - 0.00106971)

= x,=0.289~0.29
Uy =g+ x3(ug - uf)
=546.09 + 0.29 x (2539.6 - 546.09)
=1124.208 kJ /kg
Substituting values in equation (i), we get
6Q
P (1124.208 - 3125) + (-159.7)
=-2160.492 kJ /kg
The negative sign shows that heat is transferred out from the system.
1. (d)
Given: Initial volume, V, = 2500 cm? = 2500 x 1076 m?
Initial pressure, P, = 6 bar
Initial temperature; T, = 1200 K
Final pressure, pP,=1.013 bar
Final temperature, TO =27°C =300 K
Assumptions:

1.  The gaseous combustion products are assumed to be air i.e., ideal gas.

2. Closed system.

3.  The effects of gravity and motion is neglected.

For non-flow gas (i.e., gas contained in a container or piston cylinder arrangement),
AE. orexergy = (U-Uy) -Ty(S-S5,) +Py(V-V,)

Specific exergy = (1, - uy) = Ty(s; = 5p) + Py(v; = 0,) (i)
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uy - uy = C,(T, - T,) = 0.718 x (1200 - 300)
= 646.2 k] /kg .. (i)

T P,
-5,=Cp lnT—l— RIn=L

S
0 By

1

= 1.005 x ln(lzoo) _8su ln( 6 ) = 0.8832 kJ /kgK
300 29 1.013

T,(s, - 5,) = 300 x (0.8832)

= 264.974 K] /kg ...(iii)
BT
Py(v, - vy) = R(%—T ) (.- Pv=RT)
= 0,287(M - 300) = -27.9538 kJ/kg .(iv)

Substituting the values obtained in (ii), (iii) and (iv) in equation (i), we get

A.E.
—n 646.2 - 264.976 - 27.9538
=353.27 K]/ kg
Hence, the specific exergy of the gas is 353.27 k] /kg.
1. (e)
@)
The efficiency of Carnot engine is given by
_1-L
n= T,
1 ET. i (a_n} 5 :
. tant; =7
, is constan T, 5 T (1)

0
As T, increases; 1| increases and the slope (aTn) decreases, as shown in figure below,
1 T,
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n
1 ______________________________________________________
0 T
]
TZ
. o) )
2. IfT)isconstant; |{ 3T, - =T ...(ii)
o
As T, decreases; n increases and slope | jT, T1 remains constant, as shown in figure
below,
n
1
0 T,

an )
(aT) > 51 (@s T, > T)
2)n 8T1 T 1 2

So, more effective way to increase the efficiency is to decrease T, keeping T, as constant.

ocCopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 1 MECHANICAL ENGINEERING | 29

Alternatively,
1. If we increase T, by AT and keep T, as constant,

T, (T, -T,)+AT
n=1-—p__i-T) (i
I Ty + AT (T + AT)

2. If we decrease T, by AT and keep T as constant.

L, -AT _ (T -Tp)+AT iv)
T T

Ny =1

It can be clearly seen from equation (iii) and (iv) that n; >,

Hence, the more effective way to increase the efficiency of Carnot engine is to decrease
T, keeping T, as constant.

(ii)

Q Q
@ ®
Q2 Wnet Q3
N

Given: T, = 500°C = 773 K;T, = 30°C = 303 K; T, = ~10°C = 263 K; Q, = 2200 kJ;
W, =W, - W, =400 kJ

We know that
n =1—£=1—@=0.608
carnot Tl 773
W
= —=0.608
AISO, Necarnot Ql
= W, =0.608Q, = 0.608 x 2200 = 1337.645 k]
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Maximum COP of refrigerator:

(COP)g = T2T—3T3 - 3032f3j263 =657

or, (COP), = I?V—‘; =6.575
= Q, = 6.575W,
Also, W, - W, =400
= W, = 1337.645 - 400 = 937.645 k]

Q, = 937.645 % 6.575 = 6165.016 k]
Now, Q,=Q, + W, = 6165.016 + 937.645

Q, = 7102.66 k]
and Q,=Q, - W, =2200 - 1337.645

= 862.355 k]

Hence net heat transfer to the reservoir at 30°C is
Q, + Q, =7102.66 + 862.355
=7965.015 k]
2. (a)
(i)
PMM1 (Perpetual motion machine of the first kind) : The concept of a machine which

continuously supply work without some other form of energy disappearing
simultaneously is called PMM1.

__<__
™
Il
o

According to first law of thermodynamics, energy can neither be created nor destroyed.
It only gets transformed from one form to another PMMI1 violates the first law of
thermodynamics in the sense that the internal energy could be used to produce some
amount of work but there is a limit of internal energy and once it gets consumed then
work production will stop. If further work is developed, it means there is energy creation
which violates first law of thermodynamics. So, PMM1 is not possible.
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PMM2 (Perpetual motion machine of the second kind): The concept of a machine which
produces net work in a complete cycle by exchanging heat with only one reservoir.

N = % ~1-100%
The PMM2 is not possible because according to Kelvin-Planck statement of second law,
it is impossible for a heat engine to produce net work in a cycle by exchanging heat with
only one reservoir.
For PMM2 the efficiency would be 100% and it violates the Kelvin-Planck statement of
second law.
Experience shows that WV < Q, since heat Q transferred to a system cannot be completely
converted to work in a cycle. Therefore, efficiency 1 is less than unity. A heat engine can
never be 100% efficient. So, there is always a heat rejection. So, to produce net work in a
cycle, a heat engine has to exchange heat with atleast two reservoirs.
(i)
Given:

System is finite mass

System
Heat capacity, C,,= BT? yTl

- -5 4
B=6x105]/K o

T, =300 K @%W

T0=100K Q2=Q1—W
T T 3 Reservoir
Q,= | CydT = [ BT%dT T,
i T
100
= [ 6x107° xT%T
300
4 7100
ST 3
= 6x10 5[1] = -120x10°]
300
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Negative sign implies that heat is removed from the system.

Entropy change of the universe;

(As)universe = (As)sys. + (AS)HE + (As)resv. (l)
100 100
@as).. = | oy Lo [ 6x107 x734L
Y 500 300 T
5 7100
T
= 6x107 x [?] =-520]/K
300
-W  120x10° -W
(AS), = L _G-W_

res. T, Ty 100
(AS)r =0 (Cyclic device)

From equation (i),

3 _
(A5, = 520404 22X 10 W
niver: 100
Since, the entropy of universe can never be less than zero. So, (AS) .+ oree = 0
3 _
500 4 120x10° - W >0
100
3 _
- 120x10° - W > 520
100
= -W 2 52x10° -120x 10°
= W< (120 - 52) x 10°
= W, 0 = 68 K]

(b)

(@)

When a fluid flows through a constricted passage, like a partially opened valve, an
orifice, or a porous plug, there is an appreciable drop in pressure and the flow said to
be throttled.

Consider an insulated pipe containing a partially opened valve.
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According to SFEE:
2 2
h1+V71+gzl+q =h2+V72+g22+w ..(i)
Here, g=0 (. the pipe is insulated)
Also, w=0

The changes in potential energy are ignored and the fluid velocities in pipe in case of
throttling is very low so can be neglected.

Hence, from equation (i)

hy=h,
So, we can say the enthalpy of fluid before throttling is equal to the enthalpy of the fluid
after throttling.
(i)
Given:
Volume flow rate of water = 1 m3/min = —mg/ S.

60

Inlet diameter, d;, =10 cm = 0.1 m
Outlet diameter, d, =3 cm = 0.03 m
Potential head; z, -z, =12m

Change in temperature and pressure neglected,

Q = 0.08W
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Assumptions:
1. The pump is working in a steady state condition.
2. For water, density (p) = 1000 kg/m?

Mass flow rate through the control volume i.e., pump,

i = pQ =1000 x% =16.67 kg/s

o 16.67
PA1L 1000 g x (0.1)2

Inlet velocity; V, =

m 16.67

Outlet velocity; V, = =
2 pAy 1000 g x (0.03)2

Applying steady flow energy equation for the control volume;
2 _ 2 .
m(hl +V71+ gzlJ+ Q = rh(hz +V72+ gzzJ+ Wev.

Vi -v3

= m((’ﬁ ~hy)+ +8(z1 —Zz)) = Wey. -Q

As both temperature and pressure are constant,

h,=h,
2 _ 2 . .
16.67{0 L (2122) . (23-58)7 981 (—12)} = Wy —0.08W
16.67 -
2057 ¢ 3934761 = W
= 0.9 { 1 cv.
= Wev. = -7129.627 = -7.129 kKW

The negative sign indicates that power is provided to the pump.

2. (¢)
(i)

) RT a
Given: P = b T2
RT a
=P+—
- v-b Tv?
a
— RT = (P+WJ(v—b)

=2122m/s

= =2358 m/s
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RT av ab )
B e LA
= P (( ) o1 " PT
RT a ab
2 w-b)+— -
= A T
a ab
_ Po)= —Ph+—— -2
= (RT- Po) T
lim (RT—Po) =0+0+0=0
P—0
T—oo

(i)

Given: Px = 2 MPa; Tx =60°C =333 K; n, = 0.6 kg mol
X Y
2 MPa 0.8 MPa
60°C ® 15°C
0.6 kg mol 3kg

According to ideal gas equation:

P V_= nR.T,
= 2000 x V_= 0.6 x 8.314 x 333
= V. =083 m?
The mass present in vessel X;

mx = anx
=0.6 x32=19.2kg

Characteristic gas constant of oxygen;

Ry = 8314 = 0.2598 kJ/kg-K
For vessel Y:
PyVy = myRyTy
0.8 x 1000 x Vy =3 x0.2598 x (15 + 273)
= Vy =0.281 m°
Total volume of X and Y ;
V=V + Vy
=(0.83 + 0.28
=1.111 m3

U
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Total mass of oxygen gas =m,_+m

= my=19.2 + ; =222kg
Final temperature; T,=30°C=303K
Applying perfect gas equation;

PV =mRT
= P x1.111=22.2 % 0.2598 x 303
= P =1572.97 kPa = 1.57 MPa
Now, specific heat at constant volume;

R 0.2598

C,= TTTao1C 0.6495 kJ/kg-K
Since there is no work transfer, so,

SIW=0
From the first law of thermodynamics:

dQ =dU+ M ’

dQ=du
dU = Change in internal energy = (dU), +(dU),

= mCy (Ty =T )+ m,Cy (T; =T,

=19.2 x 0.6495 x (303 - 333) + 3 x 0.6495 x (303 - 288)
= -344.88 kJ
Hence, the heat transferred to the surrounding is -344.88 kJ.

3. (a
(i)
Given:
Process (a - b) : Reversible adiabatic compression
Process (b - ¢) : Constant volume heat addition
Process (c - d) : Reversible adiabatic expansion
Process (d - e) : Constant pressure heat addition

(

Process (e - a) : Constant volume heat rejection
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T

For the complete cycle,

(As)cyde =0
( S)cycle = (As)ub + (As)bc + (As)cd + (As)de + (As)eu
or, 0= O+CVln£+O+CPIn£+CVIn£
Ty Ty T,
T T T
CylIn=-+CpIn—-<4+Cyln-& =
or, 14 nTb P an 1% nTe 0
T T T
Cyln—-+CpIn—<-+CyIn-& =
or, 1% nTb P nTb 1% nTc 0
or, (Cp +CV)ln£+CVln£ =
Tb Tc

Dividing the whole equation by C;,.

(C—P+1}ln£+ln£ =0

CV Tb Tc
T T
+1)In=<+1In-% _
or, (Y ) T, T. 0
E v+1 E _,
= Tb Tc -
Tb'Y+1
= T, = BTl

c

If T,=600K, T.=3800K and y=1.4 then

1.4+1
_ ©00) " _ 401,085 K

Ta - (800)14
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(i)
Given:
For body 1:
Initial temperature
Thermal capacity
For body 2:

Initial temperature
Thermal capacity
Final temperature of both bodies

Entropy change for body 1:

(As),
Entropy change for body 2:

(As),

(As)

universe

T
o lnT—

T
CZ ln—
T,

]

Q
@
w
Q

N

(As); +(As), +(As)y p +(As),,,.

clln1+czln1+0+0
T

[~ Heat engine is a cyclic device and work is transferred to surrounding]

For a reversible process, (AS) 4 riverse
c ln£+c lnl
= 1 Tty
T\'(T)?

- I T
= TCl +Co

Taking natural log on both sides:

(¢; + ¢)InT =

= InT =

1 T,
0
0
1
Tlcl_ T252

cllnT1 + czlnT2

1 1nT1 +Cy 11’1T2

c1t+¢Cp

ocopyright: MADE ERSY

www.madeeasy.in



MADE EASY Test No : 1 MECHANICAL ENGINEERING | 39

3. (b)
()
Given:
Pressure of large vessel = 20 bar
Temperature of large vessel = 400°C = 673 K
Volume of small tank = 0.5 m®
Pressure of tank after filling = 20 bar

Temperature of tank after filling = 500°C = 773 K

Steam |~ —] Tank| | Control
20bari | ® |Turbine S| ! v c(;lu n?e
673k ‘| \ 0.5m |
Large e !
vessel 0 TTTTTTmmemeeeeeeooed

Assumptions:
1.  The state of the steam within the large vessel does not change.
2. The final state of steam in tank is an equilibrium state.

3. The amount of mass stored within the turbine and the interconnecting piping at
the end of the filling process is negligible.

Mass balance:

Mass of the control volume = Mass entered - Mass exit

0 0
(m;, —%{ = (mi—%{
- m,=m, (1)
V 0.5
Now, m, = z = 017568 - 2.846 kg

[From steam tables: At P =20 bar and T = 500°C, v = 0.17568 m?/kg]
Energy balance:

Energy of the control volume = Energy input - Energy output

0 0 ,0
(uz'%{ =mihi+/Q{M;g_WC.V.

U, =mh;-Wey,
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My, = myh, - Wey,
= Wey, = my(h; - u,)

From steam tables:

At P =20 bar and T = 400°C; h; = 3248.3 k] / kg
At P =20bar and T = 500°C; u, = 3116.8 k] /kg

W, = 2.846 x (3248.3 - 3116.8)
= 374.25 k]
So, work developed by turbine is 374.25 k].
(i)
Given:
Volume of insulated tank = 10 m3
Initial pressure of insulated tank P, = 500 kPa
Initial temperature of insulated tank T, = 400 K
Final pressure of tank P, = 150 kPa
Final temperature of tank, T, = 400 K

Assumptions:

1.  This is an unsteady process since the conditions within the device are changing

during the process but it can be analyzed as a uniform flow process since the exit

conditions remains constant.
Kinetic energy and potential energy are negligible.

Air is an ideal gas with constant specific heats.

Air
10m’

Tank is insulated.

Mass balance:

0
mZ_m'l: i_me)
= me—ml mz
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nvi BV,

= "= RT, RT,

: 500 x10 3 150 x 10
"~ 0.287 %400 0.287 x 400

= 43.554 - 13.066
= 30.487 kg

Energy balance:

0 _0
U2 - Ul = M"’/Q{ mehe - Wc,v,

Mally = Mgty = =M J1,=Wey,
= Wey = myu, = myu, -mjh,
=43.554 x 0.718 x 400 - 13.066 x 0.718 x 400 - 30.487
x 1.005 x 400
W, =-3499.62 K]
So, the electrical energy supplied to air during this process is 3499.62 k].

In kWh, WC,V, = WElectrical
_ 3962 _ 975 kwh
3600
3. (0

(i) The Carnot principles are listed below:

(@) The efficiency of an irreversible engine can never be more than the efficiency of a
reversible engine operating between same reservoirs.

(b) The efficiency of all reversible devices operating between same temperature limits
is same.
(ii) Given,
Initial volume of air, V, = 0.06 m?

Initial pressure of air, P, = 2300 kPa
Initial temperature of air, T} = 220°C =493 K

B

Piston diameter, d =22 cm =0.22 m

Spring constant, k = 900 N/m

Final volume of air, V, = 0.03 m?
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The process undergone by air is shown in P-v diagram below,

P 1
2
Vv
When no force is exerted on the piston by spring. Pag,
' NN
Pt + A—f =P, =P, =2300 kPa P —p,
When volume becomes half of its initial volume then: "
Fg=kAx
Pam
NN
Prrrprett,
mg
FSPﬂ+P P, +8 _p
Ap 2 atm Ap 1
L .
o %:18+P2 =P, (i)

Distance moved by the piston,
V; -V, _ 0.06-0.03

Ax = =0.789 m
Ap gx (0.22)?
Foring = K = 900 x 0.789 = 710.278 N
So, from equation (i)
F, i
pring
—PS 4P, =
A, 2 =P,
710.278 —
N ——"—x107+P, = P, = 2300
1 (0.22)
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= p,= 2281.315 kPa
Since mass of air is constant, so:

BV, PW

RT, = RTy

LV, PV
ot T, T

2281.315x0.03 2300 x 0.06
or, T, 493

= T,=244497 K
So, change in internal energy,

AU = mC,(T,-T,)

P,V;  2300x0.06
mass, M= RT,  0.287 x 493

=0.975 kg

AU = 0.975 x 0.718 x (244.497 - 493)

= -174.022 K]
Change in enthalpy, AH = mC,AT
=0.975 x 1.005 x (244.497 - 493)
= -2435K]
The negative sign implies that the heat is lost from the system.
4. (a)
Given:

P, =15 bar; T, = 300°C = 573 K; n = 1.2; P, = 1.3 bar

1. If the fluid is air:
P

T
1 1
Po'?= C Po'2=C
2 2
v S

The process is reversible polytropic

Pvy = Pyvy
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Final volume:
1 1
P1 n RT1 P1 n
i (g3
2 P P P
1
SRLATIED (E)“ =0.8415 m®/kg
1500 1.3
Final temperature:
P, B
L, D
Pyo,
T,=T X
- 2 1Py
1.3x0.8415
= 573X ———  =381.298 K
15x0.1096 381.298
(vl ~ RN _ 1096 m? /kg]
i8]
Heat transfer:
dQ =dU + W
Byvy, — Piog
=CylTl, -T7 )+ =—=-—-——
(1 -Ty)+ 222
— 0.718x (318.298 — 573) + 1.3 %100 x 0.8415—15x 100 x 0.1096
1-1.2
= -137.642 + 275.025
=137.383 kJ/ kg
2. If the fluid is steam:
P T
1 1
ple — C pvl,z_ C
2 2

From steam table:
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At 15 bar and 300°C
v, = 0.16971 m3/kg; u, = 2783.6 k] /kg
Final volume:

1
P \n 15\12 3
v,= U1 (P_z) =0.16971 x (ﬁ) =1.30266 m”/kg
At 1.3 bar;
v, = 1.3253 m®/kg; u, = 449.05 kJ/kg; u, = 2514.3 k] /kg
Since, v, < v, so the state 2 is in the wet region.

v, =t xz(vg - vf)

= 1.30266 = 0.00104917 + x, x (1.3253 - 0.00104917)
= x, = 0.983
Uy =+ xz(ug - uf)
= 449.05 + 0.983 x (2514.3 - 449.05)
=2478.99 kJ/ kg
Final temperature:
T, = (T, )13 par = 107.109°C = 380.109 K
Heat transfer:
dq=du + dw
= (up —uy)+ %
_ (2478.99 - 2783.6) + 15 %100 x 0.16917'12—_11.3 x 100 x 30266
= -304.61 + (426.096) = 121.486 k] / kg
4. (b)
(i)
Isochoric process:
Tds = du + Pdv !
= C,dT + Pdv
For isochoric / constant volume process;
dv=0
Tds=C,dT +0 .
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ar T _
= i a (i)
Isobaric process:

Tds = dh - vdp
or Tds = CpdT - vdp
For constant pressure process;

dp=0

Tds = CpdT

ar _ T )
= i E ...(ii)
From equation (i) and (ii)
As Cp>C,

T T
So, a < a

(%),.c <)
ds Jp_c < \ds Jy_c

dT
Since I denotes the slope of T-s diagram, it is proved that the slope of constant volume

or isochoric curve is greater than the slope of isobaric curve on T-s diagram.

(ii)

P T 2
C
N PV =C
15 =3
Vv S
Given: P1 = 600 kPa; V1 =0.04 m3; T1 = 230°C =503 K;

V,=012m¥%n=15T,=T,=503K
Assumptions:
1.  All the processes are reversible.
2. Airis an ideal gas with ¢, =1.005 KJ/kg-K, c,=0.718 k] /kg-Kand y= 1.4
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From the ideal gas equation;

P,V,=mRT,
= 600 x 0.04 = m x 0.287 x 503
= m = 0.166 kg
For process 1 - 2; since P = C
Ve T
i_h
Vo, T
0.04 503
= 012~ T
= T,=1509 K

(0Q)., = mCp(T, - T)
= 0.166 x 1.005 x (1509 - 503)
= 167.83 k]
For process 2-3; polytropic process (PV1° = C)

y-n mR(T, -Tz)
(0Q)2s= 3 1 41

_ 14-15_ 0.166x0.287 x (1509 - 503)
14-1 15-1
= 23964 kJ

For process 3-1; isothermal process; T = C
(SQ)3-1 = (dU)3_1 + (5W)3_1

(0Q);, = 0+ mRT; ln(%J

1

15
503 o5
= 600 x| —— =2222 kP
= P3 X (1509) a

22.22)

(8Q),, = 0.166 % 0.287 x 503 x ln( o |=-78983 1
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Now, for complete cycle,
Total heat received = (6Q), , = 167.83 k]

Total heat rejected = (8Q), 5 + (6Q); 4
= 23.964 + 78.983
= 102.947 k]

Qrej.

Qadd.

=1- 102947 _ 0.3867 = 38.67%

Efficiency of the cycle;n=1-

167.83

Given : Mass of iron, m, = 40 kg
Mass of copper, m_= 15 kg
T.=T_ =100°C=373 K
T, =10°C=283K
(Cp)iyon = 0.5 kJ /kg-K
(Cp)copper = 04 kJ/kg-K

The thermal energy capacity of the lake is very large and thus the temperatures of both
the iron and the copper blocks will drop to the lake temperature (10°C) when the thermal
equilibrium is established.

Entropy change of iron:

T
(As)imn = [mCIHT_l].
1ron

40x 0.5 x ln& =-5.522 kJ/K
373

Entropy change of copper:

|:mc In E]
(As)copper = Tl copper
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15041233 _ 16567 K]/K
373

Heat lost by both iron and copper blocks
5Q = [me(T - Ty )]Z_mn +[me(T, - Th) ]

=40 x 0.5 x (283 - 373) + 15 x 0.4 x (283 - 373)
= -2340 kJ
So, heat lost = 2340 kJ

copper

_ Heat lost 2340
lake — T; 283

Entropy change of lake; (As) =8268 kJ/K

Hence, total entropy change for the process;
(As)total - (As)iron + (As)copper + (As)lake
= -5.522 - 1.6567 + 8.268
=1.08985 kJ/K

(ii)

Mass of liquid water = 50 kg = m,,, i

Initial temperature of water = (Tyy ), = 90°C = 363K

Volume of room = 100 m® @\Container

Initial temperature of room, (T,), = 15°C = 288 K
R, = 0.287 KJ/kg-K,
(Cp), = 1.005 kJ/kg-K,

Cy=418KJ/kg-K

Assumptions:
1. Kinetic energy and potential energy changes are neglected.
2. Airis anideal gas.

Mass of the air in the room :

= (PV) _ 1.0132 %100 x100 _ 12258 kg
a

RT 0.287 x 288

Since the room is well-sealed and insulated.
So, d0=0
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Heat lost by water = Heat gain by air

= MyCop ((Tw )1 - Tz) = m,c, (Tz - (T,Z )1)

p
= 50 x 4.18 x (363 - T,) = 122.58 x 0.718 x (T, - 288) LGy = 7
= T,=340.77 K

So, final equilibrium temperature = 340.77 K

Heat transfer between water and air:

8Q = [mc(Twl -T, )]w = [mcv (Tz _(Ta)l)]

8Q =50 x 4.18 x (363 - 340.77)
= 4646.07 k]

So, amount of heat transfer between water and air = 4646.07 k]J.

air

Entropy generation:

(As), .. = [mclni] _ 50 x 418 x In 22077
water Tl woater 363
= -13.207 kJ/K
0
_ T >
(As),, = mcvlnT—1 + m}l(%/
_ 12258 %0718 x Ino2277
288
=14.807 kJ/K
(A9);gga1 = (A9) g, = 14.807 - 13.207 = 1.6 k] /K
So, entropy generation = 1.6 kJ /K
5. (a)
Given : Number of wires = 30

Diameter of each wire = 1.6 mm
Weight of cage = 1.5 kN
Weight of the rope = 4.6 N/m
Length of the rope = 40 m
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E __ =70GPa

rope
o =120 MPa

allowable
T
Total area of cross-section, A = 1 x (1.6)% x 4% 30

= 241.27 mm?

The maximum stress occurs at the top of the wire rope where the weight of the rope is
maximum.

So, maximum load = Weight of the cage + Weight of the rope
= 1500 + 4 x 4.6 x 40
= 2236 N

2236
241.27

Initial stress in the rope, 6 = =9.267 MPa

So, equivalent static stress available for carrying the load = 120 - 9.267 = 110.73 MPa
The equivalent static load that can be carried,

P,=110.73 x 241.27

= 267164 N
Extensi f th A= 110.73 x 40 x 1000 63.97 mm
xtension of the rope, A = 70 % 1000 -
(i) With no drop, let W, be the weight which can be applied suddenly
1
SO, WlA = EPgA
= _ 207164 _ 13358.2 N

1

(i) With 100 mm drop, let W, be the weight so,

1
W, (h+ A) = EPBA

= W, (100 + 63.27) = % X 267164 x 63.27
= W, =5176.53 N
5. (b)

(@)
Given: N =250 rpm; t = 80 MPa

perm
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| R

46mm22inm © @ 30 mm
i ST !
Since, Toerm = %(DALL—WL)

So, maximum shear stress will be at the portion where d is maximum.

Ea D* —g*
Tmax = 16 D Tperm

4 and
_ 14672307 1) 80— 1252353 Nem
16 46
2nNT, 21 x 250 x 1252.353
(Power) = 3 Omax = 0 = 32.786 kW
If the twist is to be same in the two portions then,
_Ih _Th
GJi G
4 o4
L ], 46*-30
= [, =1.15691,
Also, [, + 1, =1000 mm

o I, =536.37 mm and [, = 463.63 mm
(i)
Given: Modulus of rigidity, G = 0.7 x 10° N/ mm?
Diameter of rod, d = 10 mm

Axial pull, P =15 kN

Change in diameter, 8 = 4 x 10~ mm

3
P _15X107 19098 N/mm?

G =
A gx(w)2
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od

Poisson’s ratio, | = %

l

3l o _190.98
I E E
-3
- DA XE 5 004 %107
10x190.98
B 6 :
= =2.094 x 10 ()
Also, E=2G(1+n)
=2x0.7%x10°x (1+p)
1 N
- 2x07x10°  E E (1)
From equation (i) and (ii), we get
1 1 &
—= = —+2.094 %10
- 14x10° E
= E =198.08 GPa

Substituting the value of ‘E” in equation (i), we get
w=2.094 x 10 x 198.08 x 10° = 0.41

5. (0
Given : L = 1000 mm; D = 500 mm; t =5 mm; P =10 MPa; E. =1 x 10° MPa; u = 0.3;
k = 2500 MPa

Under the action of internal pressure, the cylinder expands and the oil is compressed.
Now, V= ZD%L=7x5007 x 1000
V =196.35 x 10° mm?

PD
Expansion of cylinder, 8V, = E(S —4u)-V

_ 000 5 03)x196.35 x 10°

4x5x10°
3V, =1865325 mm?>
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6
Compression of oil, oV, = % V= 10 19216533 <107 _ 785400 mm?

Volume of oil pumped =38V, + 6V,
= 1865325 + 785400
= 2650.725 cm?®

5 (d)

185 mm @ ‘_

Centroid of the cross-section is given by

— 100 x15%x192.5+185%x15%x92.5

100 x15+185x 15
y =127.58 mm
3
Now, from figure, I = % +100 x 15 x (64.92)* = 6350034.6 mm*
3
I,= % +15x 185 x 35.08% = 11329464.01 mm*
Ixx = Il + 12

=1767.95 x 10* mm*
At the junction of the web,

Ay =100 x 15 x 64.92 = 97380 mm?

FAY 250 x10° x 97380
Tp = = 1
b 1767.95x10% x 100
T, =13.77 N/mm?
At the junction with the flange,

t = 1377x 0 _g18 N/mm?
w 15
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At the centroid,

A7 = (A7) + (A7),
= (100 x 15 x 64.92) + (57.42 + 15 x 28.71)
= 122107.923 mm3

__ 250x10° x122107.923
max ™ NA - 1767.95x10* x 15

The variation of shear stress is shown in figure below,

=115112 N/mm?  Ans.

Parabolic curve
/S

13.77 918

115.112

()

09m

D
0.3 m I

I 0.6 m

The reaction R will be horizontal in direction. The line of action of R and force 600 N
meet at point O. So, for plate ABCD to remain in equilibrium, R, will pass through O.

0.6
Therefore, tan0 = 09 =0.67
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= 6 = 33.69°
So, R, sinb = R
and R, cosb = 600
= R,=72111N
and R-=721.11sin 33.69° = 400 N
(i)
FBD of two rollers

From the FBD of roller 1;
XF,=0
= R, sin45° = R cos45°
o R, =R,
Also, 2F,=0

R, cos45° + R, sin45° = W

2X Ry
= N 150
= R, = 190 10607 N or 75VZ N Ans.
V2

From equation (i), R, =R;=106.07N Ans.
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From the FBD of roller 2:
ZFH =0
= Rj cos45° + R-sind5° = R, ..(i)
1 R
7532 x —+=5
= \/E \/E RD
Rc ..
75"‘3 =R, ...(it)
2XF,=0
= Ry sind5° + W = Rccos45°

1 1
7542 X —— +150 = R X —
J2 <2

= R.=225J2 Nor31819N Ans.

From equation (ii),

22542
75+ =
2 R
= R, = 300N  Ans.

6. (a)
(@) Reactions:

Taking moment about “‘A’, we get

Ry = %[2)(2X9+5X5+10X3+4X3X1.5]
=13.625 kN
R,=(4x3+10+5+2x2)-13.625
=17.375 kN
(b) SFD:
For section AD :
Taking section’x” from ‘A’
F_=17.375-4x

Atx=0,F,=17375kN
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At x =3, Fj, (left) = 5.375 kN

For section DE:

F.=17375-4%x3-10
= -4.625 kN (constant)

F,, (right) = -4.625 kN
F, (left) = -4.625 kN

For section EB:

F.=17375-4%x3-10-5

F_=-9.625 kN
Fp (right) = -9.625 kN
Fy (left) = -9.625 kN

For section BC:

F =17375-12-10-5+13.625 -2 (x - 8)
o F.=20-2x (Linear)
. x=8m, Fp (right) =20 -2 x 8 =4 kN

x=10m, F.=20-2x10=0
(© BMD
For section AD, Taking “x” from ‘A’
2
M, = 17.375x - %
=17.375x - 2x>  (Parabolic)
At,x=0, M, =0; at x =3 m, M, = 34.125 kNm
For DE, M. = 17.375x - 12(x - 1.5) - 10(x - 3)
= _4625x+48  (Linear)

Atx =3, M, =34.125 kKNm,
Atx =5, M, =24.875 kNm

For EB, M, =17.375x - 12(x -

=-9.625x + 73
Atx =5, M = 24.875 kNm,
Atx =8, My =-4kNm

1.5) - 10(x - 3) - 5(x - 5)

(Linear)
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73
Hence, B.M. changes its sign in section EB, its value being zero at x = Yol 7.58 m

from A. Maximum sagging B.M. is at D and maximum hogging B.M. is at B, where S.F.
changes its sign.

For section BC:

M, = 17.375x =12(x = 1.5) = 10(x — 3) = 5(x — 5) + 13.625(x —8) - 2(x - 8). - > .

M_=4x-36- (x-8) (Parabolic)
Atx=8m, My =-4kNm
Atx=10m, M-=4x10-36 - (10 - 8)°
M-=0
The complete S.F.D. and B.M.D. is shown in figure.
17.375 4

5.375
(+)

-9.625

: 2° (Parabolic)
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6. (b)
(i)

-

‘3\5:’
FBD of block P : FBD of block Q :
W 7 kN
l—— FPQ
——F,
N,
Considering block Q:
F, = N, tan22° (. p=tan22°)
If>V=0
= F, sin55° + N;sin35° = 7
= N, =774 kN
o F,=774tan 22° =313 kN
If>H=0

FPQ + P1C0855° - N1 cos35° =0
FPQ + 3.13c0s855° - 7.74 cos35° = 0

= Fpo=4.55kN
Considering block P:
XH=0
Fpo=F,=455kN
and F,=uN,
4.55
= N, = 03 1517 kN
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and XV =0
=

(ii)

W=N, =146 kN

Yy
@ 6
3 @ m
%6‘
. X
Ol 8m I 4m I

The composite section can be divided into three parts i.e., semi-circle, rectangle and

triangle.

2 2
r X (3 2
Area of semi-circle, A, = ENE ) =14.137 m

Area of rectangle, A, = 8 x 6 = 48 m?

1
Area of triangle, A, = > X4x6=12 m?

(I) For triangle, the position of centroid;

X, = 8+1><4=9.33m

1

V1= 3% X6=2m
(IT) For rectangle, the position of centroid;
X, =4m
Y, =3m
(ITT) For semi-circle, the position of centroid;
—4r —4x3
=== =-1.27
%37 3n 3n m
Y3=3m

So, for the composite section;
_ x1A1 + xZAZ + x3A3
Al + AZ + A3
9.33x12 +4x48+(-1.27x14137) _ ;oo
12 + 48 +14.137

www.madeeasy.in
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i tyds +y3ds

Al + A2 + A3
_ 2x12+3x48+3x14.137 — 2838 m
12 + 48 +14.137
Hence, the co-ordinates of centroid of the composite section are (3.85, 2.838).
6. ()
()

The following assumptions are made in this theory:

1.  The material of the cylinder is homogeneous, isotropic and obeys Hooke’s law.
[The stresses are within proportionality limit]

2. Plane transverse sections of the cylinder remain plane under the action of pressure.
This assumption is nearly true at a considerable distance from the ends of the
cylinder. As a consequence of this assumption, the longitudinal strain remains
constant at all points in the cylinder wall, i.e. it is independent of the cylinder
radius.

3. All the fibres of the materials are stressed independently without being constrained
by the adjacent fibres.

(i)
Let us use suffix ‘1" for the shaft and ‘2’ for the collar. Due to radial pressure ‘P’ at the
junction, the shaft will have compressive stress throughout.

Let 05, be the hoop stress at the junction.

On; = P(RZZ—H;Z)
R —r
o P(15(;2+7522)
1502 - 75
oy, = 1.666P (i)

For steel collar,

€27 %(Ghi +“P)

02 1
or 150  2x10°

(1.666P + 0.3P)
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_ 2x10°x0.2
~ 150x1.96
The radial pressure between the collar and the shaft,
6, = -P =-136.05 MPa
=136.05 MPa (Compressive) Ans. (a)

=136.05 MPa

From equation (i),
Gp; =1.666 x 136.05
= 226.66 MPa (Tension) Ans. (b)

Steel collar

For shaft, circumferential strain,

_&, _P_ P

174, E E
o, P
—_— = (1=

g, ~pd=H

136.05 x 150
8d1 = W(l - 03)
dd, = 0.0714 mm Ans. (c)

7. (a
(i)
For a plate in biaxial stress, to find the normal stresses 6, and o, in the x and y directions,
respectively, based upon the measured normal strains € and €, "

c, = ﬁ(ex * “81/)

www.madeeasy.in
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3
= Lloz(—O.OO%O +0.33 % 0.00130)

1-(0.33)
~14.39 MPa

72(81/ + “sx)

Oy 1-un

75% 103
~ 1-(0.33)?

= 92.75 MPa

The normal strain in z-direction;

(0.00130 +0.33 x (—0.00060))

m
|

u
= _E(G’“ +0y)

033
2 75%10°

(~14.39 + 92.75)

= -3.4478 x 10
Hence, the change in thickness,
At=g xt=-34478 x10™* x5
= -1.7239 x 103 mm

Negative sign signifies that there is decrease in thickness of the aluminium plate for the
given stress loading.

. AV 1-2u
Unit volume change, vV - (O'x + Gy)

_122X0% 1450+9275)
75%10

=3.552 x 1074

The positive sign signifies that there is an increase in volume.

1
Strain-energy density, u = E(G,ZC + 0'; - 2u<5x6y)

1
T 2x75%x10°

= 64.6 kPa

((—14.39)2 +(92.75)% = 2% 0.33 x (~14.39) x 92.75)
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(i)

Side of square at A = b
Side of square at B = 1.5b

B

Let us take an element dy at a distance of y from top.

(L5b-by b

-.Side of the elemental square = b+ a o (H +0.5y)

b 2
Area, Ay = [E(H + 05?/)]

Shortening of element dy;

dod

Shortening of the entire post;

= +
Eb* | 0.5(1.5H) 0.5H]

PH?*[ 2 ]_ 2PH
Eb* [3H] 3Eb
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2PH
Hence, the shortening of the post is given by 3Eb2 (Proved).

7. (b)
Taking moments about ‘B” we have,
R, x4=50x3+25x2x1
R, =50kN
and R, =100 -50 =50 kN
X
50 kN I

25kN/m
lc DM

2m—
m XRB

RA<—1m <1 m—~i

Takng a section x-x near the end B,
M. = Ry ><x—50(x—1)—§(x—2)2
= 50x - 50(x - 1) - 12.5(x - 2)?

Now, El — =-M

d
EL d—Z = -50x + 50(x - 1) + 12.5(x - 2)?
X

Integrating, we get

2

d _
A S €t PR s +ep
dx 2 2 3
dy _ 2 2 3
or EL ol -25x2 + 25(x - 1) + 4.166(x - 2)° + ¢,

Integrating again, we get
_ _
EIy = —25 ? +25——— (x 3 ) 4166% +C1X+Coy

—25x3  25(x—1)°  4.166(x - 2)*
+ +

Ely =
y= 3 3 1

+c1x+cp
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Atx=0,y=0andatx=4,y=0

c, =0
_ 3 3
and 0= 253(4) + 25(33) +1.04x2% + ¢y x4
291.7

= =2 9
¢ 4

Ely = _T%x?’ + ?(x ~1) +1.04(x - 2)* +72.92x

(@) atx=2m,

-25 25
Ely = T(2)3 +5 - 1)° +0+72.92%2

A
Y7 R
87.5x10°
Y7 25510 x 210 x 10°
y =16.67 mm
(b) For maximum deflection,
d
= =0

—25x2 +25(x —1)% + 4.166(x —2)> +72.92 = 0
—25x% +25(x% +1-2x) +4.166(x> —8 — 6x> +12x) +72.92 = 0

25— 50x +4.166x° —33.33 — 25x% + 50x +72.92 = 0
4.166x3 - 25x2 + 64.6 = 0

On solving, we get

x=1.96m
ElYimax = —%1-96)3 + ?(1.96 ~1)° +72.92x1.96
8755
ymax - EI
~ 87.55%10°
Ymax ™ 10107 x 25 x 100
Yinax = 16.67 mm
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(c) Slopeatx=0,

dy
ELl - =
dx “

_ 7292x10°
A 210x10% x25x10°°
8, = 0.01389 rad.

()

Ro=F— | 2 R,
|

X | f=—dx
Consider an element dx at a distance x from end A.

(d8), = Elongation of element dx due to temperature change

3
(d8), = aAT(dx) = ocATB(L de

L 3
81 = J. d5 1 = J.OCATBL—EZX
0 0
1
= —o(ATy)L
Lo(ary)
. . RgL  Fs
= + —
Axial deformation, 6, AF T K
Rgl Rp
= B2y 2B Fs=R
AE K (v Fs=Rp)
Using compatibility equation;
8, +06,=0
1 RgL Ry
—o(ATg )L+ —=+— =
= 3¢ ATp)L+ e =0
- RB( L 1) _o(ATg)L
AE K 4
—o(ATg)L —oTr)x L x AEK
. o o(ATLa(Ty)

—+

B 4(L 1)_ 4(KL + AE)
AE K
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Ry  —0ATp XxLXEK

= A - 4(EA+KL)
o.(ATg)LKE
= C.= Vi
‘ 4KL(EA+1)
KL

(X(ATB)E

= C. =751

‘ 4(ﬁ+1)

KL

(i)

Given : K =30 MN/m?2; A =50 x 10°® m% E = 210 GPa; P =50 kN; L

K=30MN/m

Taking moment about P:
Px19=F;x16+Tx22

= Fgx1.6+Tx22=50x1.9x1000
= Fgx 1.6+ T x22=95000
According to deformation equation;
L _ A
22 16
TxL Fs
N -

AEx22 Kx16

Bar
L=06m

steel rod

0.6m

A =50x10"°m?

E =210 GPa
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Tx0.6 FS
= 50x10°x210x10° x2.2 ~ 30x10° x 1.6
= T=0.802F,

From equation (i) and (ii),

16+Tx22 =
0.802 % 95000

= T =22645.939 N

. Vertical displacement of point Q;

TL  22645939x0.6
AE ~ 50x107° x210x10°

=1.29 mm

x 1000

8. (3

...(ii)

Let D, = Diameter of solid shaft; D, = Outer diameter of hollow shaft; d,, = Inner diameter

of hollow shaft

n
Now, for solid shaft torque, T = E’C Dg’

60P _ 60x300x10°
2nN 21 x 100

T =28647.89 Nm

T =

28647.89 x 10° = % x70x D

5 _ 16x28647.89 x 10°
D
° nx70

D =127.74 mm

S
For hollow shaft, since the weights are the same we have,

gpsz. L = g(DIZ{ —dIZ{) L

(127.74)2 = D} x0.75
D,, = 147.5 mm

Dy
dH = T =73.75 mm
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Now, for hollow shaft,
T 3 4
= —TDy(1-k
T=1¢ F ( )
T= % x70x147.5%(1-0.5%) = 41349.97 Nm
p= 2nNT
60
3
N = 60P _ 60 x 300 x 10 — 69.28 rpm
2rT 2w x 4134997
100 — 69.28
Change in speed = ET x 100 = 30.72%

(b)
(i)
Velocity of coolar, V=8 m/s
Time, t = 3s
Acceleration of collar,

V=u+at
= 8=0+ax3
= a=§:2.67m/s2
FBD of collar
2T F
F-2T=mxaqg
8 64
- =8X—:— .
= F-2T 3 3N ()

If the acceleration of collar is a, then acceleration of mass A will be 2a because if collar
moves a distance x in the horizontal direction then during same time, mass A goes up
by 2x distance.

For mass A:
T-3¢g=m,xda
8
T—3g=3><2><a=6a=6><§
_ 48
= T—3g—?
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= T=4—5+3x9.81:45.43N

So, from equation (i),

F = 6?4+2>< 4543 =112.19 N

(ii)

Given : o, = -30 MPa
Gy = 60 MPa
Ty = 0

0= tan " 2 9740
35

= 20 = 59.489°
]
P
g/
59.489°E(TS)9
230 9) C (G,)s | 60
\

(@)

6, +0 —
C= x y,O :( 30+60’0)
2 2

=(15,0)
o, +|0
Also, Radius (R)=| "‘2‘ y‘=30;60=45
At point P:

(0,)g = 0.+ Rcos26
=15 + 45 c0s59.489°
= 37.846 MPa

(0,) = Rsin20 = 45 sin59.489 = 38.768 MPa
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(b)

Maximum shear stress:

T = K =45 MPa
Associated normal stress:
Oy +6y -30+60

of =o,= =" —=15MPa

8. (9
(i)
Given : 0, =70 MPa; o, = 50 MPa; 6, = -30 MPa; Cper = 150 MPa; E = 200 GPa; v=0.3
(@) Total strain energy per unit volume

lro. o, o
= E[ 1 + (o)) +G3 —2V((51(52 +(52(53 +G3(51 )]
10
= ————[49+25+9-0.6(35-15-21)]
2x200x10
103

T[83 +0.6] = 20.9 kNm/m?>

(b) Volumetric strain energy per unit volume

= %(61 +0> +0'3)2 (ﬂ)

2E
- 1(7+5—3)2(—1_2X0'39)><1014
3 2x200x10
3
= —0'4X§12X 10 =27 kNm/m3

(c) Shear strain energy per unit volume is
1 2 2 2
U=z (((51—(52> +(0y—03)" + (03 —01) )

E 200 x 10°
- = =76.923 GPa
Now, C=2(1+n)  2x13

U= 10" (75 + (5437 +(-3-7)%]
12 x 76.923 x 10°

5
= 921§ o [4+64+100] =182 kNm/m?

Now, strain energy per unit volume under uniaxial loading is
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Factor of safety

_o® _(150)* x10™

= 5 =56.25 kNm/m®
2E 2x200x10
56.25 _ 5 o
209

(i)
Let the dimensions of the column at a distance x m below the top be d,,
d = 75+-—(150-75) = 75+ 10x mm
x 7.5
dy d,
I = é andy, . = ﬁmm
_ Lo d
Zx - ymax 6\/5
_ (75+10x)°
or Zx = T
Also, M, =5000x Nm =5 x 10 x N.mm
M, 5x10%x62x
Tz, (75+10x)°
42.42x x10°
c = 3
T (75+10x) -
T dX dX
For maximum bending stress, 1C <>
do, 0 X o X
dx 75 m
3 — . 2-
40 40| 73+102)° 3(756+ 102101 _
(75 + 10x)
or (75+10x)%(75 + 10x - 30x) = 0
75-20x=0
= x=3.75m
6
s 4242 x3.75x 10 —111.72 N/mm2

max ~ (75410 x 3.75)°

Q000
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