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Note: 1) Question paper consists of Part A, Part B.

b)

i1) Part A is compulsory, which carries 25 marks. In Part A, Answer all questions.
ii1) In Part B, Answer any one question from each unit. Each question carries 10 marks
~~and may have a;b as sub questions, S A, s

(25 Marks)
Define critical thickness. [2]
State the second law of thermodynamics and its significance. [3]
Define effectiveness of a fin. e [2]...
;"let the factors af’fectmg thermal: eonduut'v:ty 3]
“What/is drag coefficient? L [2]..%¢
Differentiate between the 1nternal and external ﬂow [3]
Write the expression for Grashoff number and mention its significance. [2]
Classify the heat exchangers based on the relative direction of fluid flow. [3]
State Stefan-Boltzmann law. [2]
[3]

What are the factors affectlng nucleate b0111ng‘?

Explain the different modes of heat transfer with a suitable example.

A steel pipe with 50 mm OD is covered with a 6.4 mm asbestos insulation
[k=0.166 W/mk] followed by a 25 mm layer of fiber-glass insulation [k=0.0485 W/mk].
The pipe wall temperature is 393-K. and- the outside. insulation temperature is 311K~

i_(,aleuldte the 1nterfaee temperature between the asbestos and ﬁber-blassr e [5+5] ;

A reactor’s wall, 320 mm thick, is made up of an inner layer of fire brick (k—O 84 W/mOC)
covered with a layer of insulation (k = 0.16 W/m°C). The reactor operates at a
temperature of 1325°C and the ambient temperature is 25°C.

1) Determine the thickness of fire brick and insulation which gives minimum heat loss;

i1) Calculate the heat loss presummg that the msulatm g materlal has a maxrmum
;’temperat‘ure of 12000(3 { - L/
If the/calculated heat IOSS is not acceptablc then state: whether addttton of another laycr::."'
of insulation would provide a satisfactory solution.

Derive general heat conduction equation in cylindrical coordinates. [5+5]




5 .a)

8.a)

~for the femperature gradient at the surfacé'to reach 400°C/m. . %
-One end of a long rody 35 mm ir. diameter;: is 1nserted intoa furnace wrth the other end;

Derive an expressmn for temperature d1str1but10n and, heat transfer rate through the fin,
5.__1H§Ulated at the tip. , . :

{'Derwe a d1fferentlal convectron equanon for contmmty equatron !
‘A flat'plate, 1m wide and 1.5 m long'is fo be maintained.at 99°C in air w1th a free stream:" -

:.--‘What are the boundary layer parameters fOr d1fferent veloerty proﬁles usmg Von Kam‘lan
‘-.Integral Momenmm Equatlon‘? ' 4

The, thermos-physieal properties of air at:mean film temperature (9(}+30);“2 60°C are:,
.p =.1.06: kg/m*; k= @02894 me “C cp 1 005 kakg K \A 18 97- % 10 m/s;

:j"effeet’\(eness assummg two streams ar m.parallel ﬂow

The initial uniform temperature of a large mass of material (o = 0.42 m%/h) is 120°C. The
surface is suddenly exposed to and held permanently at 6°C. Calculate the t1me requ1red

prOJectlng in the outside air. After the steady state is reached, the temperature of the rod

is measured at two points 180 mm apart and found to be 180°C and 145°C. The

atmospheric air temperature is 25°C. If the heat transfer coefficient is 65 W/m? °C,

calculate the thermal conductivity of the rod. [5+5]
OR

Amércury thennometer placed i 01l well is requlred to measure temperature of /
compressed air flowing in a pipe. The well is 140 mm long and is made of steel
(k=50 W/m°C) of 1 mm thickness. The temperature recorded by the well is 100°C while
pipe wall temperature is 50°C. heat transfer coefficient between the air and well wall is
30 W/m?°C. estimate true temperature of air. [5+5]

temperature of 10°C. Determine the velocity with which air must flow over flat plate

along 1.5 m side so that the rate of energy dissipation from the plate is 3.75 KW.

Considering the following properties of air at 50°C: p = 1.09 kg/m*; k = 0.028 W/m°C;

cp = 1.007 kJ/kg’C; p=2.03 x 10 kg/m-s Pr=0.7. [5+5]
OR

(width) x 25 mm (thickness). The top surface of the plate is maintained at 90 °C. If the
thermal conductivity of the plate material is 25 W/m °C, Calculate:

1) Heat lost by the plate;

i) Bottom temperature of the plate for the steady state condition.

Pr=0.696. X T st

In a certain double pipe heat exchanger hot water flows at a rate of 5000 kg/h and gets
cooled from 95 °C to 65 °C. At the same time 5000 kg/h of cooling water at 30 °C enters
the heat exchanger. The flow conditions are such that overall heat transfer coefficient
remains. constant at 2270 W/m* K. Determine the.heat transfer area, required and the .
Assurne for the both the streams"j-_

What are the common failures in heat exchangers" Ment1on the propertles to be
considered for the selection of materials for heat exchangers. [5+5]

OR




;j"black body hemlsphencal caV1ty Df rad usl_

Two horizontal panels separated by a distance of 30 mm contain air at atmospheric
pressure. The temperatures of lower and upper panels are 55 °C and 20.6 °C respectively.
Calculate the free convection heat transfer per m? of the panel surface.

“What is fouling? What is'the conSIderatron of foulmg‘? What are the parameters affecting:
“fouling and how it can; be prevented‘? Fuu

A horizontal tube of outer diameter 20 mm is exposed to dry steam at 100 °C. The tube
surface temperature is maintained at 84 °C by circulating water through it. Calculate the
rate of formation of condensate per meter length of the tube.

A wire of 1.2 mm diameter and 200 mm length is submerged horizontally in water at

7bar. The wire carries a eurrent of 135 A with an apphed voltage of 2:18 V lfthe surface.__
of the wire is mamtamed at 200 OC calculate - hed e oy
i) The heat flux, and" -

i) The boiling heat transfer coefficient. [5+5]
OR
Distinguish between black body and grey body.
Explain the meaning of the term geometric factor in relation to heat exchange by
radiation. Derive an expression for.the geometric factor F11 for the m51de surface of.a
R with sespectt %7
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