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CHE30?>: Heat Transfer Operations Time: 3 hours Max. Marks: 100

i nstrur t io n-, tu students:
I)•. Ih.[ \\ rite anything other than your roll number on question paper

2 Assume suitable data wherever required and mention it clearly.
3. Writing appropriate units, nomenclature, and drawing neat sketches/schematics/ flow chart wherever,

required are an integral part of the answer.

Q1A Objective type multiple choice questicnsf lu q~~stions @ 1 mark)
1. A Plane wall is 25 em thick with an area of 1 m-', and has a thermal conductivity

of 0.5 W /mK. If a temperature difference of 60°C is imposed across it, what is
the heat flow?
(a) 120 W (b) 140 W (c) 160 W (d) 180 W

10

.: l l«: .o-rclation u = f(Cr, Pr) is a case of
(<1) Internal Forced Convection (b) External Forced Convection
(c) lree Convection (d) combined free and forced convection

Ill. The properties of mercury at 300 K are: density===13529 kg/ rn>. specific heat at
constant pressure = 0.1393 kJ/kg-K, dynamic viscosity = 0.1523 x 10-2 .s/m2

and thermal conductivity = 8.54 W Im-K. The Prandlt number of mercury at 300
K is:
(a) 0.0248 (b) 2.48 (c) 24.8 (d) 248

IV. Match the dimensionless numbers in Group-l with the ratios in Group-2.

(1 xbllldr number II

\:~I-('Il~$ force
im""'IlCl! then11al resistance of a solid
bOI udary layer thermalresist3nce

rr.o m e u tu m diffusivi ty
ill

:1: 13S dirfusiviry
1_ I."on .,.,hof ruuuber

',I.] f.: I!: di pol o.m, R-Il
.: .)-! ?,:: .D I poll. Q-III. R-I

\'. Consider the following phenomenon:
1. Boiling 2. Free Convection in air
3. Forced Convection 4. Conduction in air
Their correct sequence in increasing order of heat transfer coefficient is:
(a) -1,2,3,1 (b) 4,1,3,2 (c) 4,3,2,1 (d) 3,4,1,2

VI. In pool boiling, the highest heat transfer coefficient occurs in
(a) 5ubcooled boiling zone (b) nucleate boiling zone
(c) Partial film boiling zone (d) film boiling zone
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V11. A composite wall having three layers of thickness 0.3m, 0.2m and O.1m (11-..1 ()!

thermal conductivities 0.6, 0.4 and 0.1 W ImK, respectively, is having sur+ace
area 1m2. If the inner and outer temperatures of the composite w'all are 1840K
and 340K, respectively, what is the rate of heat transfer?
(a) 150 W (b) 1500 W ..jc) 75W (d) 750W

viii. Which one of the following numbers represents the ratio of kinematic viscosity
to the thermal diffusivity?
(a) Grashoff number (b) Prandlt number
(c) Mach number __ (d) Nusselt number

IX. A spherical aluminum shell of inside diameter 2m is evacuated and used as a
radiation test chamber. If the inner surface is coated with carbon black and
maintained at 600K, the irradiation on a small test surface placed inside the

. chamber is (Stefan boltzmann constant = 5.67 x 10-8)

(a)1000\Nlrn2 (b) 3400W/m2 (c)5680W/rn2 (d) 7348W/m2

X. An outer wall of a furnace is at Tw kelvins and it faces an environment at Te.
the wall's average convective heat transfer coefficient h is 4W 1m2 1< tor
radiative heat transfer the walls emissivity is equals 0.8. The ratio of net heal
loss by radiation to heat loss by convection from the wall is closet to
(a) 50" T:--Ti (b) 2.50" T:--Ti (c) a.50" T:--Ti (d) 0.20" T:--Ti

Tw-Te Tw-Te Tw-Te Tw-Te

Q.2 Short answer type questions ('!..g1!~~.!ions@ 2.5 marks) 10
1. Define Stefan-boltzmann law and emissivity.- ---------_ ...

11. In a counter flow heat exchanger,
For the hot fluid
Heat capacity = 2 kJ/kg K; mass flow rate = 5 kg/see; Inlet temperature = 150°C: Outlet
temperature = 100°C;
For the cold fluid
Heat capacity = 4 kJ/kg K; mass flow rate = 10 kg/see; Inlet temperature = 20°C:
Neglecting heat transfer to the surrounding, find outlet temperature of the cold f1uid in0c.

111. Assuming the sun to be a: black body emitting radiation with maximum
intensity at A = 0.49 11m, calculate the surface temperature of the sun.

--- -

IV. A bulb of diameter 10 cm (d) is heated internally with an electric heater of 100
VV (Q). The bulb dissipates the heat to the atmosphere by convection. The
convection heat transfer coefficient between the air and the bulb (h) is 65
WI m2°C. If the atmosphere is at 35°C (Ta), determine the bulb surface
temperature (Ts). __ _

. -
Q.3A De£ine Fourier's law of conduction. Derive the expression for temperature 05

, distribution, under one dimensional steady state heat conduction for the
Composite plane wall consisting of three layers

Q.3B Write the significance of the following: ()S

(a) Reynolds number
(b) usselt number
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(c) Prandlt number
(d) Rayleigh number

Q.-l-/\ CUI1S1Jer the flow of oil at 20°C in a 30-cm diameter pipeline at an average 05
\ l locrtv of 2 m/ s. A 200 m long section of the horizontal pipeline passes through
icy waters of a lake at O°e. Measurements indicate that the surface temperature
of the pipe is very nearly O°e. Disregarding the thermal resistance of the pipe
material, determine:
(a) The temperature of the oil when pipe leaves the lake,
(b) The rate of heat transfer from the oil.

----- 200 m -----

The value of Nusselt number is 33.7
Given properties:

p = 888.1 kg/m3; {) = 9.429 X 10-4 m2/s;k = 0.145 W/m.K;

cp = 1880 J / kg K;_ Pr ::: 10,863
Q.4B A wire of radius 3mrn and 1.25m length is to be maintained at 60°C by insulating 05

it by a material of thermal conductivity 0.175 W/ mK. The temperature of
surrounding air is 20°C with heat transfer coefficient 8.5 W /m2K. For maximum
heat dissipation, determine the minimum thickness of insulation and the heat
loss.

Q5/\ Whclt is boiling? Differentiate between pool boiling and forced boiling? Explain 05
I',lcd boiling curve with neat sketch.

Q.5B (a) l.xplain the mechanism of atural Convection. 02 +
(b) A glass door firescreen, used to reduce exfiltration of room air through a 03 =
chimney, has a height of O.71m and a width of 1.02m and reaches a temperature 05
of 232°C. If the room temperature is 23°C, estimate the convection heat rate from
the fireplace to the room. [refer table A4]
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Q.6A Derive expression for temperature distribution and heat dissipation in a straight 05
fin of rectangular profile for a fin insulated at the tip.

Q.6B A fin 5 mm thick and 45 mm long has its base on a plane plate which is 05
maintained at 125°C. The ambient temperature is 25°C. The conductivity of the
fin material is 55 WI m °C and the heat transfer coefficient is 145 WI rn? 0C.
Determine:
(i) Temperature at the middle of the fin, and
(ii) Heat dissipated by the fin (per meter width)

OR
Q.6B A metal plate of 4 mm thickness (k = 95.5 W1m °C) is exposed to vapour at 100 05

°C on one side and cooling water at 25°C on the opposite side. The heat transfer
coefficients on vapour side and water side are 14500 W 1m2 °C and 2250 WI m?
°C respectively. Determine:
(i) the rate of heat transfer
(ii) the overall heat transfer coefficient, and
(iii) Temperature drop at ~a0_si~_~~heat transfer

Q.7A A horizontal tube of outer diameter 20 mm is exposed to dry steam at 1once 05
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.
Given Properties of saturated liquid at mean film temperature (92°C) are:

PI = 963.4 <: III = 306 X 10-6 NS/m2;k = 0.677 W/mO(

Properties of Saturated vapour at tsat = 1000
( are:

o; = 0.596 kg / m3; hf9 = 2257 k] / kg

Average heat transfer coefficient is given by:

h = 0.725 [P1CPl - pv)k3gh[9]1/4

. IlJ (tsat - ts)D
Q.7B A Process industry employs a counter flow heat exchange to cool 0.8 kgl s of oil 01 +

(cp = 2.5 kJ/kgK) from 120°C to 40°C by the use of water entering at 20°C. The 02 +
overall heat transfer coefficient is estimated to be 1600 WI m2K. It is assumed 02 =
that the exit temperature of water will not exceed 80°C. Using TU method and 05
taking TU = 4 in this case, calculate the following:
(i) Mass of flow rate of water
(ii) Effectiveness of heat exchanger
(iii) Surface area required

OR
- -

Q.7B A counter flow double pipe heat exchanger using superheated steam is used OS
to hot water at the rate of 10500 kg/h. the steam enters the heat exchanger at
IS0°C and leaves at 130°C. ~he inlet and exit temperatures of water are 30°C
and 80°C respectively. If overall heat transfer coefficient from steam to water
is 814 WI m2°C, calculate the heat transfer area.
G" 8 81 +82lven: m =--

2
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Q.8A In a straight tube of 60rnm diameter, water is flowing at a velocity of 12 m/ s.
The tube surface temperature is maintained at 70°C and the flowing water is
heated from the inlet temperature 15°C to an outlet temperature of 45°C.
calculate the following:
(i) the heat transfer coefficient from the tube surface to the water
(ii) the rate of heat transferred
(iii) the length of the tube
Given: Thermophysical properties of water are:

p = 995.7 kg 1m3; Cp = 4.174 k] Ikgo(; k = 61.718 X 10-2 W Imo(;

{)= 0.805 X 10-6 m2 Is; Pr = 5.42

(

04 +
03

+03 =
10

Q.9A Write the importance of heat exchangers in the industry. Derive an expression 03 +
for log mean temperature difference (LMTD) for parallel flow in double pipe 07 =
heat exchanger. 10

Q913 (tl) Define intensity of radiation and prove that the intensity of normal radiation 07 +
IS liT[ times the total emissive power. 03 =

(b) A furnace emits radiation at 2000 K. treating it as a black body radiation, 10
calculate the

(i) Wavelength at which emission is maximum
(ii) Total emissive power

OR
Q9B (a) Differentiate between film condensation and dropwise condensation. 03 +

(b) Saturated steam at 120°C condenses on a 2 em OD vertical tube which is 20 07 =
ern long. The tube wall is maintained at a temperature of 119°C. Calculate the 10
cl\ L'!'JgC heat transfer coefficient and the thickness of the condensate film at the
b.i«. ot the tube. Given:

[)sat = 1.985 bar; PI = 943 kg 1m3; hf9 = 2202.2 ~~; k = 0.686 W ImK;

u = 237.3 x 10-6_N~l.m~_; PI » Pv

*****************************************~.*o GOOD LUCK **********************************************
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T,\HI.I'. A.·J- Thl-"l'rno}Jhysi<.:al Pl·uper·ti",..
of Gas;-''-; at /\tnlosphel-lc :f)ressure'"
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