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Time: 3 hrs Marks; 80

I . Question No.I is compulsory. 
l

2. Solve ANY THREE questions from the remaining five questions:.

3, Figure to the right indicates futl marks
4. Assunrc suitable data wherever required,;,-.:bl4t.justify the same.

, . Marks

Q, 1 Solve ANY FOUR questions ftom following. (Each questibn carries 5 marks) fd
a) What is thermai diffusivit5diHow do€s thermal Oimrgi,iity influence traqsient , .

heat conduction in solids?.
b) Explain the following non dimcnsional numbers applied to heat ffansfer by

convection:
(i) Nusselt Number
(ii) Prandtl Number

'Q.2 a)

(iii) Gras:hoff Number
i.rptuin how the Prancltl number influences the relatiu, it irt rress of the velocity
alld thermal boundar'')i layer, also Show how the Grashof, number acts as the
r:;quivalent of the Reynolds number in natural convection.
A cylindricai wire ca,rrying cwrent is insulated to minimize heat loss. However,
it is observed that after adding insulation, the wire's temperature increases.
Explain this behaviq:r and derive-the condition for the critical iadius of insulation.
Explain Biot numb,er and Fourier number applied to transient heat tiansfer, give
significance.
Define ignition l.ag and discuss how it affects engine knocking in SI and CI
engines.
l)iscuss the aCrvantages and limitations of thermal and catalytic converters in
automobile ex haust emission control systems.

During a tes,t on a single-cylinder, four-stroke die.sel engine having a cylinder
diameter of 22 cm and a stroke length of 45 cm, the following observations were
made. The mean effe0tive pressure recorded was 6.5 bar, the torque developed
was 42A N'm, and the engine speed was 300'rpm. The fuel consumption during
the trial was 4.2 kg per hour. and the calorific value of the fuel used was 42}y'rJ
per kilograrn. The cooling water was supplied at a rate of 5 kg per minute, and
the air used per kilogram of fuel was 28 kg. The rise in temperature of the cooling
water was c'bserved to be 40oC, while the exhaust gases left the engine at a
ten'perature of 410'C when the roo:m temperature was 25"C. The mean specific
he'at of the sxhaust gases was taken as 1.05 kJ/kg'K, and the specific heat of water
was 4.18 kJlkg'K.
F:rrorn these data, determine the indicated power (I.P.) and brake power (8.P.) of
the engine and prepare a complete heat balance sheet for the test on a kJ per hour
and percentage basis.
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Composit insualationg vvall consisti of three:layers. These are held together by 2

b) cm diarrrerter alurniniurn revet per 0. I m2 of surface . the layers consists or 10 crn 1

:H:[fJt:-#i111'J#ilriliJ*;? j;fr .lTlffi,Xiliff rHH,?1:'T#
thick.
Assuming one dirnens:ional heat ftow, calculate the percentage increased in heat

transfer rate due to rivets. The conductivity of rnaterial afe, kbri"r,==' 1 W/rnk,
kinsulation :0.2 Wrnk, kwodd :0.2 }ff./-1qk', ket : 22,A Wmk.

Q.3 a) A 6-cylirrcler d.-strokr; C.I. engine develops 220 kW at 1500 r.pm. with brake
specific fuel consurrrption of A.273 kg/kwh. Determine the size of the single hole
injector no"zz,le if the injection pr*urr" is 160 bar and the pressure in the'
combustion chamber is 40 bar. The period of injection is 30o of crank angle.

Specific gravity of fuel :0.85 and orifice discharge coefficient:0.9.
A 4-cylinder, 4-stroke C.I. engine develops 1S0 kW at 2000 rpm with a brake
specific ftrel consumption (b.s.f.c.) of 0.26 kgikWh.
Determine the si'ze (diameter) of the single-hole injector nozzle if:
tnjection pressure - 200 bar
Pressure in the combustion chamber : 60 bar
Period of injection : 25o of crank angle
Specifi.c gravity of fuel : 0.84
Coeffi"cient of'discharge (Cd) : 0.88
Find;

1. Fuel flow rate per second

i ilfi llj ;i:,X"',,'J,' ilf : $"JJilnde 
r

4. Or.'ifice area and diameter of nozzle hole

h) A tlat l.rlate measuring 0"8 m wide and 2 rn long is to be maintained at a uniform
surfa'ce temperature of 120oC, while air at 25''C flows over it in parallel
dirrction. Determine the air velocity required stich that the total rate of heat
,Jisrsipation from both sides of the plate is 6 kW.

N": 9 = 0.664(Rer)tlzqpylt/t
k

.. for laminar flow

F-1"[ - + - [0.0g6 (Re1)0'B-836](Pr)1/ ".. for turbulent flow
'fake the following properties of air at 50oC: p : 1.0877 kg/m3, k: 0.02813

W/moC, cp: 1007.3 J/kg"C, p":2.029 x 10-s kg/ms and Pr - 0.7

Q. 4 a) A rectangular fin, I mm thick and 60 mm long, is attached to a wall rnaintained
at a uniform temperature of 150"C. The surrounding air temperature is 30"C.
The fin material is brass vrith a therrnatr conductivity of 110 W/m'"C, and the

convective heat transfer coefficient between the fin surface and air is 95

Wlmz'"C.
Assuming convective heat loss frorn the tip of the fin is significant, determine:

i . The temperature at the tip of the fin,

i: T|; i::":fiT:ff,;lo"'d 
bv the nn per rnetre width orthe prate
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t bl In a cotrnter-flow ,clouble-pipe heat ex6hanger, oil is used to heat water. Oil enters 12

the exchanger at 120"C and leaves at 80'C,"flowing ata rate of .25,000 !g/h. The
water enters at 40oC and is heated to abaut the sariie tempgrature as.the outlit
temperature of the oil, such that the log mean teriperature difference (LMTD)
approaches zero. Assume for cp watr = 4.2 kJ,/kg K, c;: i,u = 2.1 kJ/kg K The
overall heat trans;fer coefficient for the exchanger is 350 Wm'z'K
Determine:

l. The heat transfer rate (in kW).
2. The reqr.rired heat transfer arelwhen the LMTD -,-+ 0 (shoying how the

area tends to become extremely large).

3. The effectiveness of the heat exchanger.
..rl

Q.s a)

b)
c)
d)

Q.6 a)

The effective ternpeiature of,a body having an area of 0. 12 mz is 527"C. Calculate
the following:
(i) The total rate of energy emission,
(ii) The intensity of normal radiation
Expiain Wiilan's line method fbr measurement,of frictional power.
Diff;'erentiate between the efficiency and effestiveness of an extended surface.

Explain with sketches the temperature profiles for:
(i) Boiler,(ii) Condenser, and(iii) Regenerative heat exchanger.

\Mhat is the critical heat flux (CHF) or burnout point on a boiling curve? Discuss
its physical significance and factors affecting it.
A four-stroke, six-cylinder gas engine has a bore of l8 cm and a stroke of 32 cm,
and runs at250 rpffi, firing every cycle. The air-fuel ratio is 5:1 byvolume, and
the volumetric efficiency on the NTP basis is 78o/r. The temperature of the intake
air is 30oC, and the intake pressure is 0.95 bar.
(a) Determine the volume of gas consurned per minute under NTP conditions.
(b) If the calorific value of the gas is 9 MJ/m3 at NTP and the brake thermal
efficiency of the engine is 28o , calculate the brake power developed by the
engine.
(c) If the mechanical efficiency of the engine is 80o/a, determine the indicated
power anif the indicated the'rmal efficiency.
Explain ttre effects of engine variables (compression ratio, spark timing, mixture
strength, and cooling) on knocking tendency. .

Explain the concept of mass transfer coefficient and its relationship with Fick's
law.
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