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Fime Allowed: 3 hours Meocimaen Medts: 200

Cundiclutes shonld cdianpt any five quesfions
Assume for Air R = 0287 EJ'Eg K;
C=1003 k/Rg K; y=1.4.

Assurre I boar =1 kgffcmg, if necessary.

WA
1. (a) & Fiston-cylinder device contans 3 kg of wet stearn af 1.4 bars. The inttial volume 15 2.25
m®. The steam is heated until its temperature reaches 400°C. The piston is free to move up or
down unless it reaches the stops at the top. When the piston is up aganst the stops the
cylinder volume is 4.65 m’. Determine the amounts of work and heat transfer to or from
steatn.

(b} An evamuated bottle of 0.5 m® volume is slowly filled from atmospheric ar at 1.0135 hars
until the pressure 1nside the hottle also bhecomes 1.0035 hars. Due to heat transfer, the
temperature of air inside the hottle after filling is equal to the atmospheric ar temperatre.
Determine the amount of heat transfer.

2. {a) Twio hlocks of metal, each of mass M and specific heat C, initially at shzolute temperatures
T1 and Ty respectively, are hrought to the same fina temperature by means of a reversihle
process. Derive an expression for the amount of work ohtaned during the processin terms of
I, C, Trand Ty

{h} In a residential heat pump svstem the refrigerant 110w rate 15 412 2 kgthr and the electric
energy supplied to the compressor 18 25 480 kI'hr. The properties of the refrigerant at the
inlet (state 1) and at exit (state 27 of the compressor are ag given helow:

State t (7 p(bars) | hiklka) | s (kg K
1 -1 2.6 226.35 0.8636
2 93 15.0 28640 0.9222

Determine the amount of availlahle energy destroved in the compressor in klfhr All heat
transfer, if1t ocours, takes places a

Ty Asaume Ty =273 K Fy, =1 atm.
3. {a) in an ar-standard Brayton cycle the minimum and matmum temperatures are 300 K and
1200 K, respectively,. The pressure ratio 15 that which masimizes the net work developed by

the cycle per umt mass of air flow. Cal culate the compressor and turhine worls, each in klikg
att, and the thermal efficency of the cycle.

(b} Octane, Cg Hig, 15 burned with dry ar. The molar analysis of the diy products 15 C0; = 10%5,
O =04%; 0y = 3% and My = 34.6%. Determine the air fuel ratio on a mass basis and the
dew point temperature of the products 1f the products are at 1 atm. pressure. Dry alr containg
376 moles of nitrogen per mole of oxygen.

4. {a) 4 single stage steamn turbine 15 supplied with steam at 5 bars, 200°C at the rate of 50 kg/mm.
It exhausts into a condenser at a pressure of 0.2 hars the blade speed 15 400 mos. The nozzles
are inclined at an angle of 207 to the plane of the wheel and the outlet hlade angle 1z 30°
Meglecting friction losses, detertnine the hlade efficiency, the stage efficiency and the power
developed by the turbine.
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(b} What 15 a shock wave? Write the continuity, momentum and energy equations relating points
1 and 2, just upstream and just downstreamn, respectively, of a normal shock 1n a constant area
duct. State whether the following properties of the flow stream increase, decrease or remain
unchanged acrozs a normal shock: total pressure, total energy, static temperature, density and
velocity.

5. {a) 4 cascade refrigeration systern of 100 tons (350 K'W) capacity uses ammonia and carbon
dinxzide the evaporating and condensing temperatures of COCy are -40°%C and 5°C,
respectively. The evaporating temperature of NH:; 1z -7%C. The power supplied to the
atmmomia compressor 15 36,5 LW In the C0; circut, the liguid leaving the condenser is
saturated, the wapor leawing the evaporator is dry and saturated, and compression 1s
izentropic. Calculate the mass fow rate of OO0z and the C.O.P. of the system. The following
darn for COz tay be used:

Temperatare, | Pressme,| Buthalpysity — Entropy, dig K
o bars

' | Liquid | Yupor | Liguid |Vipor
AL} 10.05 | 3327 | 652.8 | 3.8531 | 52062
5 M0 | 4319 | &R | 42231 | 5.0007

specific heat of superheated vapor C; =085 klke K.
(b} Sketch curves showing the variation of pressure ratio {or head) versus volume flow rate for
the three types of blades generally used in centrifugal compressors. Indicate on each curve

the stable range of operation. Show that the stage efficiency ), and owverall efficiency . of
an axal fow compressor are related by

1
(B R)7 -1
E o
a1 |
s

Ty =

Where p; and py are the total pressures af compressor inlet and exit, respectively, and n 1s the
number of stages.

fi. (4] A cylindrical tank with hemispherical ends is used store lguwd oxygen at -183°C. The
diameter of the tank 1z 1.5 m and the total length 12 8 m. The tank iz covered with a 10 cm
thick layer of insulation. Deterune the thermal conductiwity of the insulation so that the boil-
off rate does not exceed 10.8 kofhr. The latent heat of vaporization of liquid oxygen 15 214
klikg. Assume that the outer surface temperature of the tnsulaton 15 27°C and that the
thermal resistance of the wall of the tank 12 negligible.

(b} Explain the meaning of the terms “geometnic factor”™ in relation to heat exchange by
radiation. Derive an expression for the geometric factor Fiy for the insade surface of a bhlack
hemisphencal cavity of radius E with respect to itself

7. {a) In a double pipe heat exchanger, MuChy = 0.5 M. C: denotes mass flow rate (kgfs), C denotes
specific heat (Ikg KD, and suffix hand suffiz ¢ denote hot and cold fwd, respectively. The
hot and cold fluids enter the heat exchanger at temperatures Tm and Tep, respectively.
Deduce an expression, in terms of T, Tea and Tue, for the ratio of the area of a counter-flow
exchanger to that of a parallel flow exchanger which will give the same hot fuid outlet
temperature Tyg. What 13 this ratio 1£ Ty = 150%C, T = 30°C and Ty = 20°C7

{h} & spark-ignition engine, de signed to run on octane (CeHyg) fuel, 1z operated on methane
{CH4). Estitnate the ratio of the power output of the engine with methane fuel to that with
octane In both cases the fuel-ar ratio 15 stoichiometric, the tmizture 13 supplied to the engine
at the same conditions, the engine runs a the same speed, and has the same volumetric and
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thermal efficencies. The heating value of methane 15 50,150/Tkeg while that of octane 1s
44 880 klilkg.

g, (a) An inward flow reaction turbine, operating under 30 m head, develops 4000 KW while
running a 300 BEPM the overall efficency of the water turbine 1z 0,85, the hydraulic
efficiency 15 0.9; and the radial velocity of flow atinlet 15 7 mfs Theinlet guide vane angle at
full gate opening 15 30° Calculate the diameter and width of the runner at inlet Blade
thickness coefficient 15 5%

(b} The plunger area of a fuel injection pump is 1.6 cm® and the plunger velocity is 0.02
cmfdesres. The putnp runs at 750 RPM. The density of the fael 15 §50 ko/m® and its Wiscosity
iz 0.12 gfcms. If the nozzle orifice area is 0.005 cm® and the orifice coefficient of discharge is
0.9, detertmine the fuel line pressure The cylinder pressure is 30 hars. MNeglect
compressibility of the fuel. Determine also the critical fuel line velocity and cntical fuel line
diameter.
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FALE i anvd

B

Time Allowed: 3 hours Moeocimzrn Marfs: 200
Condidaes should atterept Question 1in Section A, ey T O i Secton B owd ey TWO i Section C

SECTION A
L. Give brief answers:
{a) Cive Klein's construction and its use.
)] What 15 the phenomenon of creep in belt dnves?
() Why 15 the pressure angle for involutes gears always constant ?
(d) What 15 a friction circle? What 15 the magnitude of its radius?
(el Differentiate hetween eutectic and eutectoid.
(f) Dustinguish between chaplets and internal chulls. What 15 common between both?
=y Distinguish between permesbility and porosity.
{h) Distinguish hetween hot and cold chamber die cashing machine.
{1) Dustinguish between carbonitriding and cyamding,
1) What 15 the method of mass production of toothpaste tubes (metallic)?
(k) What are therhligs?
i Distinguish between blank holder and ejector pins.
(tn)  Givetwo functions of a coolant.
(1) Distinguish between flank wear and crater wear of a single point cuthng tool.
(o) Define Poisson’s ratio. What 15 1ts walue for Isotropic material ¢
1] What 1s creep?
() What 15 event slack time?
(t) Distinguish hetween thermoplastics and thermosetting plastics
{z) What 15 hreak even analysiz?
(t) Expand the abbreviations.
{1) EOQ
{1i) EDM
(2% 20 =40)
SECTION -B
2 (a) In Fig. 1 auniform load *q’ covers only a part of the span. Calculate the reactions By and Ra
and draw the shear force and bending moment diagrams.
(20
gl
(b} What are lame equations?

DQuestion Iis of short meswer ype, laniting auswar of eack port of 38 words

W - 1
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For along hollow thick walled cylinder subjected to a lugh internal pressure, detertmine the radial
and ocrcumferential stresses throughout the wessel 1n terms of internal pressure “p’ and internal
external radii.
(20
3. (a) In the Prod gowvernor shown in Fig 2 each ball weighs 3 ko and the central sleeve weight 13
25 kg, The arms are of 20 cm length and pivoted about axes displaced from the central amis of
rotation by 375 mm v =238 mm x=303.5mm, CE =85 mm, MD = 1425 mm. Determine
the equilibrium speed.

(20)

F

!

|I'
iﬁ' 4]
Al M
. L i kd }3.?5
Fig #
(k) A prime mover running at 300 rpm, drives a DC generator at 500 mpm by a helt drive

Diatneter of the pulley on the output shaft of the prime mover 15 600 . Assuming a slip of
3 percent, determine the diameter of the generator pulley if the belt running over it 13 6 mm

-

A

o

thick.
(20)
4. {a) Explain the following terms, with the help of a neat sketch, pertaining to the Helical gears.
(20)
1) Axial pitch
f11) Mormal cirocular pitch
{i1)  Lead
fiv)  Helix angle
(20)

(k) An egqual angle section 100 mm = 100 mm * & mimn 1s welded to a gusset plate to serve asa
tension member. Calculate the minimum amount of overlapping by the angle section on the
gusset plate with a wiew to limit the induced stress to 100 mega Pascal in the angle section
when only the side welds are used. The effective area of angle may be taken as the area of the
connected leg plus half the area of the unconnected leg. The safe stress in the weld 13 90
tnega Pascal and the shock factor iz 1.5

(20
SECTION - &
5. (a) What are the constituents and lathice structure of a steel with 0.2% carbon as it goes from a
molten to asolid state.
(10)
{h} “Moulding sand 1z different from the nver sand”™ Give your comments 1n support of the

ahowe staternent and also indicate the properties of moulding sand which are desirahle for
making sound castings. How do yvou detertmine four of these properties in the lahoratory ?

(20}
() For matmal arc welding of muld steel, what characteristics of current and woltage wll be
desired? Will the requirements change 1f we switch over to automatic welding?
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(10}
. (a) What are the advantages of forging over castings?
How will you mass produce a steel holt wath a hexagonal head?
(10}
(k) Explain with the help of a sketch the vanation of punch pressure wath the punch travel for a
hlanling operation with proper clearance between punch and die

(10)
Why 1z shear provided on a punch?

() Distinguish between orthogonal and obligque cutting. Denive an expresaon for the shear plane
angle in a turming operation on alathe Explain all the assumptions made to arrive at the

solution,
(20)
7. {a) It 15 a problem for a seed packager to minimize the cost of satisfiing the nutntional
requirements. Unlimited gquantities of seeds can be purchased at the costs indicated helow.
Mutritional Item Froportional Content Total
Buck Wheat Sunflower FEORcment
Wheat
Fat 0.04 0.0a =450 ko
Protein 0.1z 0.10 = 1200 ke
Roughage 0.10 015 = 1500 ko
Cost per kg Fs 18 Es 10

Find the Optirnal solution

(20
)] If Kelwinator produces refngerator in batches, how many nits in abatch should they produce?
In each batch once the production starts they can make &0 units per day. The demand during
the production period 12 60 units per day. Estmated demand for the vearis 10,000 units. Set
up cost of the manufacturing process 13 R 3000/t Carrying cost 13 Bso 15 per utut per
VEar.

(20)
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