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FIFTH SEMESTER BTECH. (ENGINEERING) DEGREE
[EXAMINATION, JUNE 2009

G 04:502-MECHANICAL ENGINEERIN

(2004 admissions)
Time : Three Hours Maxims : 100 Marks.

Ansuwer all questions.
L. (a) State and explain the Kelvin Plack and Clausius statements
(6) State and explain the Clausivs thoorem and Clausius inequality
(¢} Differentiate the two-seroke and four.atroks engin
(4) State and explain the Carngt thorem.
(©) What is meant by Nusselot auumbor ? What isthe significance if Nusselt numbor = 1 7
() Define Black body ? A perfoct black body is existing ? Explain it

(£) A converging pipe of 30 e and 15 cm diameter carrying water is posiioned inclinod whore
nlet and outlet are at § m. and 1 m, aboya the datum, Tho presaure of inle ic 15 bar and
velocity s & mia. Pind tho presasra of wator of the outlot fthe pipe. Neglect ll osse

(b Detine

) Visoowey:
b Guriion tension, ot is cased by 7
il Wiy 45 o uetass tension aloo coupled purtce erergy !

2 ) (@) Two ke.ofice at0° . ia ropped in nom-condoting wates por contausisg |

30% C. Neglesting the hoat contant and cansidering the pot cort. it the virst ani e
g on isolated sysom, prove that when the systorm reactor equil
thit oceurred i irreversiblo

€, = 4180 kg K. (8H) = 9345 kifkg |

(10 marks)

() A roversibls heat pump is used for heating a builling in the winter season. The heat is
abeorbed from the serth by a Busd circulating in buied pipes and delivered to the buiiding
ta maintain the temperature at 23° C. Determine the amount of heat supplied to the
building if ane kW-hr. of elctrical energy is needed o operate the heat pump. The soil
tomperaturo may he taken as 0° C.

(5 marks)
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(1) Two reversible heat onginos A and B are arvanged in serios. A rejects hoat direetly to B,
Engine A recuives 200 kJ at a tomperaturo of 421° C. from the hot source while engine B is in
communication with & cold stk at a temperature of 5 C. If the wark output of A i twice that
of B, find

) Tatermediate tmperature betwoen A and B,
i) Effciency of each engine.
(i) Heat rejected to the sink.

015 marke)
5 (1) A Garnot cyele works botween the temperaturo limits of 900 K and 300 K and the pressuro
Himita of 60 bar and 1 bar. Find the following -
) Pressures and temperatures at all ailest poincs.
(i) Work donell ofie:
(i) Heat supplied o rejectedi of i
(i) Thermal ofciency of the cyce
o
5) Anengine works on 0o cycle. The pressurs and temperatue o the i at th basining of the
cyel are L bar and 40° C. The comprossion rario i 6. Assuming the poak pressure 1 ited
.50 bar, and compression and expansion fallow the law of PVI5 = cons, Find ot tho
ollowing
) The thermaleficiney of the cycl.
) Mean effcive pressur ofthe eycl.

) 1f the working cyclewminute axe 300 and cylinder diameter and length of the seroke
are 12 cm. and 20 om.; i out the power developed by the engine in kW. Working
uidia air,

A (8 () Theo roar window of an automobil i defoggod by passing ware air e s iner surfce
Fthe warm s s s, =-40°C. e the corresponding convective hea teansorcoeficerc
=30 Wi 3, what e the innor and out auefco emperaturos o . thick window
elasa, if the putaide ar ambient tomperature is T,, = - 10° C and asociated with
hy =65 Wim K.

(7 marks)

(i) A thermocouple junction, which may be approximated as a sphero, is to bo used for
temperature measurement in a gas steeam. The convection coofficient botween the junction
surfuce and tho gas is (] = 100 Wi ?K. and the junction thermophysical proporties are.
K= 20 Wim. K, o= 8500 kg.m., G, 400 J/k K. Determin the junction tuameter needed
for the thermeoupl to hava a time constant of 15. f the junction is at 26° C, and s placed
in a gas stram that s at 200° ., how long it wil take for the junction o reach 199" C.

® marks)

or

nsider a 0.6 m. % 0.6 m. thin syuare plate in a coom at 30° C. ane side of the plate is
ained t o temperature of90° C. whill tho other side i insulated aa shown i ollowing
figure. Determine the rate of heat transfer rom the plate by natural convection if the plate.
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() vertical

) borizantal with hot surface facing up.

(i) horizontal with bot surfice facing down,
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5. (a) @) The dynamic viscosity afoil, used for lubrication botween  shaft and sleeve is  poise, The
shat isof diametar 0.4 m. and rotates at 190 . m, Cileulate the power lot n the bearing
fora sloeve Tongth of 90 mm. The thickness of the oil ilm is 1.5 mm,

@ marks)
) A i AB branches into tw pipes O and D, The pipe has diameter of 45 em, of A, 30 cm.
of B, 20 em. of C and 15 cm. of . Determine the discharges of A, 1fthe velceity of A i«
2 mis. Also determine the velocitios of B and D, if e velocity of € i 4 i,
8 wacke)
or

). Derive the cxpression for flow measurement using venturimetar, Als obtain the oxpression
o find out the coefficent of discharge of venturimetar.





