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AP ER-

1 {a) Discuss flow energy. Compressed ar 15 used to expel the liguid propellant from the
propellant tank as shown below. The mnitial pressure of the air1s 200 har. The propellant has a
densty of 1.12 gmice and the propellant tank 15 filled to capacity and contains 900 kg of
propellant. The propellant leaves at a constant pressure of 200 Nicm® (20 bar). Considering
the ar as the system, determine the work done by the ar in forcing the propellant from the
propellant tank Determine the volume of compressed air lank necessary to pump dl the fuel
in the rocket. Would the usze of helium instead of ar ater the performance? Is the inlet ar
temperature 15 of any consequence?
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{h} The steam, tnitially at a pressure of 15 har and a temperature of 250 C, expand reversihly and
polytropically to 1.5 har, Find the final temperatire, work done, and change of entropy, if the
index of expansion is 1.25. (Assume | bar = | kofiom®. State the assumptions made.

2. {a) A reversible engine receives heat from a muzxture of water vapor and ligud water at 1 attn,
and rejects 3775 klfhr of heat at 100 K helow temperature of a mixture of ice and liguid water
at 1 atmn It delivers 0356 KW power. Find the number of degrees separating absolute zero
and ice point on Kelvin scale

{h} A working fluid goes through a Camot cycle of operations, the upper ahsolute temp erature of
the fluid being & and the lower ahsolute temperatire heing & The amount of heat taken in
and rejected by the worlang fluid are Oy and Qs respectively. On account of losses of heat
due to conducton etc, the heat source temperature T) is higher than 6; and the heat sink
temperature Ty 15 lower than, If Ty = (0, + KQy); Tz = (& - KQg where K 1z the same
constant for bhoth the equations, show that the efficiency ofthe plant 12 given by

pol-—2
T- 2£0,
3. (a)  Stating from first law equation dQ) = du + pdv show that change in entropy of an 1deal gas

system 1s given b
hr =T 1n£+ Hlﬂ5
I 1
{h} 4 system operating in a reversihle cycle receives 25 kI of heat at 225 C {1-2). This 13

followed by an adishatic expansion (2-3) to 115 C at which temperature 15 kI of heat 12
received (3-4). Then a further adiabatic expansion (4-57 to 32 C occurs after which 25 17 of
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heat 1z reected at constant temperature (5-6) followed by an adiabatic compression
{6-7). Find the change in entropy during the last process (7-1) which ocours alter adiabatic
compressions (6-71to 115 C

4. {a) Show that efficiency of a simple Gas Turbine (Joule cycle) 15 mven by,

S1-(1r) 2L
7=1-(ir) =
{h} The nozzles of a two-row vel ocity-compounded stage have outlet angles of 22 degrees and
utilize an 1sentropic enthalpy drop of 200 kI per kg of steam. A1 moving and guide hlades are
symmetrical, and the mean hlade speed 12 150 mJs. assuming an isentropic efficiency for the
nozzles of 90 per cent, find graphically all the blade angles and calculate the specific power

output produced by the stage. The veloaty at inlet to the stage can be neglected.
A, (a) Define Volumetric Efficiency of a compressor.

{h} A multistage compressor has to be designed to supply air & 135 har, while atmospheric
condition 15 1.03 bar and 15 C. The value of compression index may be assumed as 135 Due
to practical reasons the intercoolers are not ahle to cool the ar helow 45 C, while the
mazimun temperature allowahle in the system 12 120 C. Calculate the number of stages that
are necessary in the compression and the rate of cooling water cireulated per kg of ar (S, =1
kifkg C).

fi. (a) Calculate the force F required to hold the curved gate (projected area 1 % 1 m) of a reservoir
as shown in figure below. [Data Ly, = bh®*12 for a rectansle and centroid for a quadrant is
located 2d/3x from edge].

(k) The steady flow 1n an open channel, exposed to atmosphere, of constant cross-section and
constant slope 15 considered to depend upon velocity V. fluid densty, cross-sectiona area 4,
channel length I wetted surface 3, slope of channel 5 and grawitational acceleration g. Show
that the following rel attonship holds:

v 4 1
B f[g, g J
g]}l RORNEN o
7. {a) Airoat 0 T and 95% RH has to be heated and humidified to 25 C and 40% EH. by
preheating, adiabatic saturation in a recalcul ated-water air-washer and then reheating to final
state. Calculate heating required in two heaters, make-up water required in washer and
temperature of air washer.
i) & honzontal 3-mm-thick flat copper plate. 1 m long and 0.5 m wide, 15 exposed in air at 27
C to radiation from the sun If the totd rate of incdent solar radiation 13 300W and the
combined unit-surface Conductance’s on the upper and lower surfaces are 20 and 15 Wim° K,
respectively, detenmine the equilibrium temperature of the plate.
8. {a) the heat transfer coefficient for a gas Howing over a thin flat plate 3m long and 0.3 m wade
varies with distance irom the leading edge according to hi(x) = 102 Wim® K
Calculate (a) the average heat transfer coefficient (h) the rate of heat transfer between
the plate and the gas 1f the plate 15 at 170 C and the gas 15 at 30 C, and (c) the local heat flux
2t from the leading edge.
(k) Light lubricating o1l (Cp = 2090 Jkg K)1s cooled by alowing it to exchange energy with
water in a small heat exchanger. The ol enters and leaves the heat exchanger at 375 K and
350 K, respectively, and flows at a rate of 0.5 kgfs. Water (Cp = 4177 kg K) at 280 K 1=
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avatlable in sufficent quantity to allow 0.201 kgfs lobe used for cooling purposes. Determine
the required heat transfer area for counterfl ow operation. The overall heat transfer coefficient
may be takcen as 250%W/im?* K.
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The nmmber of mearks carried by eock qpestion & indicted ot the end of Hhe question.
Answers must bo writhen @2 Englich

PP - 4
SECTION A

1 {a) What conditions should be satisfied, 1f a n@md link 12 to he replaced by a dynamically
equivalent mass less link wath two point masses at its ends?

(b} Define loganthmic decrement. How 15 1t related to damping rabio?

(c) What are primary and secondary unbalances in a slider-crank mechanism?

{d State the condition for the stability of a governor. Why 15 an 1sochronous governor not
stable?

(e} Define pressure angle and prime circle in reference to cam mechanism,

(f) Distinguich hetween modulus of elasticity and modulus of resilience of a matenal In what

situation 15 the latter property useful?

(g Exzplain why mamimum shear stress theory 13 widely used in machine design with ductile
materials:

{h) Write Ranlane-Gordon formula for buckling load of columns and explain the meaning of
symhbols used.

{1) Show by simple sketches the following wel ded joints:
1) Single U-hutt
f11) Single V-hutt
{11)  Single bewvel butt
fiw)  Single J-hutt
{1 Dnfferentiate between a closed cotled and an open coiled helical spring.
() Wrte down the CompositionS corresponding to the following specifications of steel s
() C 15 (155 Cr 7 (1) 15 Mn 75 (1v)T 105 Cr 1 Mn 60
i Distinguish between white and nodular cast-iron.
(tn)  Distinouish between thermoplastics and thermosetting plastics.
{a) What 15 continuous casting process? List two primary areas in which this offers ndvantages
(o) What four stages are involved in the process of resistance spot welding?
1] What are following press operations?
{1) Blanking (1) Punching {11) Slithing {iv) Lancing
(g Dufferentiate between ajig and a fxture.
{t) Give an examnple for a facility location problem in which the objective my he to
{1) minitri ze tota distance travelled,
{11) tinitm ze maxirmum distance travelled.

{z) What 15 matenial handing? Name four categones of matenal handling equipment used within
plant.

{t) What 15 the purposze of production planning and operations scheduling?
2x20=40
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SECTION -

2. {a) A machine of mass 100 kg is mounted on isolators having stiffness of 1.2 x 10° N/m and a
dammng factor of 0.1, A piston of mass 2 kg within the machine has a reiprocating motion
with a stroke of 8 cm and a speed of 1800 cyclesimm. Assuming the motion of piston to he
simple harmonic, determine

1) the amplitude of motion of the machineg,
{11} force transmitted of the foundation,

111)  the phase angles of the transmitted force and machine motion with respect to the
exciting force

20

(b} A steel cylinder having 12,5 cm outside diameter has a wall thaickness of 1.5 cm. The cylinder
1z used asz a pressure vessel to hold fluid at an internal pressure of 30 MPa. Assume that the
ends ofrise cylinder are closed. Calculate

(1) the radial and tangential stress at the inner and outer surfaces,

{11) the three principal nonmal strains at the thner surface, assuming that the material does
not wield.

Take Young's modulus =2 = 107 N/im®
Poisson’s ratio =03
20

3. {a) An electnc motor running at 500 mpm drives a low speed pump with a reduction of 1.8: 1
through a par of spur gears, which have teeth of 149 irvolute form (module = 6 mm). The
pinion has 20 teeth. In order that the interference does not take place, find

1) the mazmum working depth,
1) thelengths of path of contact arc of contact.
(1) the mamimum velocity of sliding on etther side of pitch point
20

)] A wvertica spring loaded walve iz required for a compressed air recetver. The wvalve 15 to start
opening at a pressure of 100 Mior® gauge and most be fully open with alift of 0.4 cm at a
pressure of 120 N/om® gauge. Diameter of port is 2.5 cm. Assume the following;

Allowable shear stress in spring steel = 480 Nimm®
Modulus of rigidiy for spring steel = 8 x 106 N/cm?
Springindez (C) =6
and calculate Wahl's factor (K by the following formula

4C0-1 616

= 4 —_

-4
Design a suitahle close cotled round section helical spring having squared ground ends. &lzo
specify initial compression and free length of the spring.

20

4. (a) Desigh a suitable ordinaty rigid flange coupling to connect an electric motor to a reduction

gear 0f a machine The motor has a rated output of 80 hp at 600 rpm. Working stresses in

materials to be used for different parts are

Flange (C.I): shear 1700 Nicm® compression 8400 Nicm®

Shaft (M.5): Shear 4750 Nicm®

Bolt, Key (M.3): Shear 5800 Nfcm®, compressions 9000 Nicm®,

Theze values take into account the service factor and w weakening effect of the keyway.

Square keys are recommended for fizing the flanges on the shafts. For your calculations you
may assutne
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Mumber ofbalts =4

Cutside diameter of hub =2d
Frc.d oftboalts =3d
Width and depth ofkey =df5

where d 15 the diameter of the shaft.
IMake a fully dimensioned sketch of the coupling (one view only)
28

(h & uniform cantilever beamn with flexural rigidity El 12 cartying a uniformly distributed load of

magmtude wper unit length on itz half length from mid-span to free end. The length of cantilever 1z

{ Denwve an expression for bending deflection at the free end Vou may vse First Theorem of
Castigliano

12

SECTIONM -C
5. {a) Eeason out why----
{1) alow cabon steel 15 not nonmally hardened by heat treatment,
{11) Strength in austenitic steels 1s increased by work hardening,
1)  atwo-stage heating and cooling practice 15 usually followed for neat treatment 1n high

speed steel
1a
(k) Compare the changes in warious stages ohserved during tempering of high carhon steel.
12
{c) Following datarelate to a peripheral milling operation.
Dia of the mulling cutter =100 mim
Cutter Speed =500 rpm
Width of the cutter =100 tnmn
Depth of the cut =4 mim
Table speed =100 mmimin
Helix angle of teeth =450
Length of workpiece =50 cm
Width of workpiece = &0 min
Mumber of teeth =3

Calculate cuthng speed, mamimum effective uncut chip thickness, plan area of cut, metal
removal rate and machining time.

13
fi. (4] What 15 part programming? Explan the steps of preparing a part programme for feeding to a
conventiona MC machine.
12
(b} Describe the operation of a centre less grinder and state 1tz advantage over the cylindncal
grinder.
12

(c) The arrival rate of parts of amachinist 1z Poiszon distributed with a mean of 8 per hour, &
part can be machined in an average of 6 minutes, with a standard deviation of o= & tminutes
Consideration 15 being given to replacing this with an antomated machine that can machine
each part in exactly 6 minutes. What will be reduction in the average number of parts in
gqueue? The reduction in time 1n queus? What would happen to be average number in the
gqueue 1f using the automated machinery, the Poisson amval rate were increased to 10 per
hour to match the constant service rate?
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7. (a) Explain what 15 powder metallurgy and sintening. Discuss their maor advantages over other
processes.
1a
{h} Discuss any four mechanism for tool wear.
1a

(c) A small plant layout job consists of 10 steps. Their precedence relationships and actiwty
tirnes are identified as follows:

Step Predecessor Time (Hours)
A Muone 9
B Mane 13
C Mone i)
| & 18
F B 159
F B 8
i, CF 11
H DG 9
| E H 2
J CF 35

Diraw the netwotk and complete the forward and backward passes. What activities make up
the critical path? Which activity has the most slack?

20
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