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Q.1 (2)
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(i} Show the variation of thermal conductivity of following metallic solids with temperature:
: £ P
Pure silver, Copper, Gold, Aluminivm, 99% pure alaminium, Brass, Platinum, Uranium,
Tron, Slaidess steel.

(ii) Show that no sufave al any teinpereture can have emissivity greater than unity.
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Q1 (b| A thin-walled copper tubhe of autside metal radins r = 001 m carres steam at 400 K. Tt 1z placed
inside a room where the surrourding air temperature is 300 K. The wbe is insulated with magnesiz
insulation of an epproximate thermal conductivity of 0.07 W/ K.

{i) Whatis the critical thickness of insulation for an externzl convective coefficient

fi= 4 W/ mPK?
{ii) Determine the rate ef heat transfer per meter of tube length for conditicns:

1. a 0002 m thick laver of insvlation.
2 the critical thickness of nsulabon,
3. a (.05 m thick laver of insulation.
Comment on the result,
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Q1 (9

A very long copper red 23 mm indiameter extends horizontally from a plane heated wall maintainsd
at 100*C. Thesurface of the rod is exposed to an air ervironment at 200 with convective aeal transfer
coefficient of 9 W/ m’K. Determine the hzat loss if the thermal conductivity of Copper is410 W/mkK.
Further estimate how long the rod shou'd be in order tc be considered infinite.
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Q.1 (d}| ) What is the significance of Biot number in lumped system analysis ?

2

(i) Explein the phenomenon of heat transfer by free convection. What forces eontrol the fluid rrotion?
Can lree convection occur in space vehicles with zero gravity trajectury?
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Q.1 (e)| Establish a relation for the shape factor of following cavities with respect to itself:
(1) Comical cavily of diamweter d and depthe b,
(ii} Ilemispherical bowlof diameter

Cavites are closed on its outer surface with a flat surface.
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Q2 {a)
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A handle is used in the frying, it is required o heat nil o abont 300°C for byving purpase. The
section of the handle is 6 mm * 20 mm. The surroundings is at 30°C. The corductivity of the
material is 205 W/mkK. If the temperature at a distance of 380 mm from the oil should not reach
above 4(PC, determine the convective heat transter coefficient Assume the handle as long fin,
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Q2 (b)

Arat 20°C and main:ainad at | bar1s flewing over a tlat plate ata yelocity of 4 my/s. 1f the plate j
300 i wide and at 567, calculate the Following quantilies al . — 300 mm, given that properties
of air at the bulk meen temperature, 38%C ar:

0 =11374 kg/m™ k = 0.02732 W/mK, r, = 1005k /kgkov =16.768 x 100 m? /e, Pr = 0.7
(i) Boundary layer thickness

{i1) Local friction coefficient

(iii) Average convective heat transfer coefficent

(iv) Rate of heat transier by convection

(v} Taotal mass flow rate through the boundary
[20 marks]
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Draw the typical boiling curve for pool boiling of water at s¢turation temperature and atmespherie
pressure with schematic represertation of each boiling curve.
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Q.1 (a)
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A glass of diamieter 50 mm centams some hot milk. The height of the milk ir the glass is 10C num, To
caol the milk, the glassis placed into a large pan filled with cold water at 25°C. The initial bemperature
of the milk is BO°C. The milk is stirred slowly and continuously =o that its temperature remains
uniform at al’ times. The heat transfer coefficient between the water and the glass is 100 W/ m K.
Can the milk in this case be treated as a lumped-parameter system? If so, determine (i} the tme
taken for the milk to cool from 80°C to 30°C and (i) the total amount of energy transferred from milk
to water during the conling process.

Thermal conductivity of milk = 0.6 W/mK

Density of milk =900 kg, m?

Specific heat capacity of milk = 4.2 k] /kgK

Neglect the effect of stirring work and heaf Ioss from the ends,

[20 marks|
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Q4 (b}

,

A metal sphere of surface area U3 m? is in an cvacuated enclosure whose walls are held at very low
temperature. Electric current is passed through resistors emibedded in the sphere causing electrical
cnergy Lo be dissipated 2t the rale of 85 W If the sphere surface temperature is measured te be 640 K,
while in steady state, caleulate emissivity of the sphere surface and state the assumptions made ‘n

the estimaticn.
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An industrial fumace empleys 2 hollow brick lining. The inside and outside surfaces of hollow brick
lining are miaintained at 850 K and 400 K by placing the radiation shielcs ir. between the hollow
space. The heat loss to the furnace surroundings at 300 K is both by radiation and nztural convection.
Calculate the number of shields needed. The emussivity of walls anc shields can be taken as (8.

The convective heal transfer coefficient is governed by the expression Ji = 1.5(AT)" W/ m?K.
[20 marks]
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Q.5 (a)

A& MG et e cowstouont Adcaustblc

Section B : Theory of Machines

(i) What is the significance of pressure angle in Cam follower mechanisim?
(i) Defime the following terms fraquantly being ssed to describe the geemetry of a radial cam:
1 Trace point

Pitch point

2
3. Prome crcle
[6 + & marks]
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Q5 (b)| Show that the sutomaobile window glass
freedom.

guiding mechanism given below hae a cingle degree of

g P T ]
'I.'."']jﬁi}‘-"" E1a.séi- -

Muinmosile window guidance lincase
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Q35 (d)| In a Whitworth gquick return motion mechanism as shown below, the distance between the fived
centres is 100 mm and the length of the driving crank s 120 mm. The length of the slotted lever 5
200 mm and the length of the connecting rod is 170 mm. Caleulate the ratio of the time of cutting o

rztumn stroke.
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The svstem shown bzlow by a block attached lo a single spring, Find the equivalent stilfness of

comlbrined syslen
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Q7 (a)| Two gear whee's mesh externally and are to give a velocily ratio of 3 1. The teeth are of involute

‘orm; module =6 mm, addendum = one module, pressure angle = 20°, The pinion 1otates at 120 rpm,
Determine

i} +he number of tzeth on the pinion to avoid interterence or 1t and the corresponding number of
weth on e whieel

fii) she length of path and arc of contact

(iii)the number of paims of teath in contact

[iv} the masimum velocity of sliding

[20 marks]
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Q.7 (h)

The turbine rotor of a shiphas a mase of 22 tonnes and rotates at 1800 rpm dockwise when viewed
from the aft. The radius of gyration of the rotor 15 320 mm. Determine the gyroscopic couple and its
effect when

{i} the ship tums right at a radius of 250 m with a speed of 25 km/F

(i) the ship pitches with the bow rising at an angular velocity of 0.8 rad/s

(iii)the ship rolls at an angular velocity of 0.1 rad/s
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Q.7 (¢

L
o

(ii Why do spur gear make noise?
(i) What is the key difference between spur gear and helical goar?
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