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End Term Examination (Backlog), Nov.-Dee. 2015
B. Tech in Mechanical Engineering, Semester Vll

Roll No .

ME 729: Heat and Mass Transfer Time: 3 hours Max. Marks: 100

Instructions to students:
1. Do not write 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.

Q.1A Objective type multiple choice questions (10 questions @ 1 mark) 10
1. A furnace wall of thickness 1 m and of surface area 2 rrr', is made of a material whose

thermal conductivity is 1 KJ/hr mOC. The temperature of inner surface of the wall is
1000 °c and of outer surface is 200°C, heat flow through the wall in Kl/hr will be
(a) 2000 (b) 1600 (c) 1200 (d) 800

11. A metal rod of 2cm diameter has a conductivity of 40 WI mK, which is to be
insulated with an insulating material of conductivity of 0.1 WImK. If the
convective heat transfer coefficient with the ambient atmosphere is 5 WI m2K, .
the critical thickness of insulation will be
(a) 1cm (b) 2cm (c) 7 em (d) 8 em

111. In a free convection heat transfer transition from laminar to turbulent flow is
governed by the critical value of the
(a) Reynolds number
(b) Grashof£, s number
(c) Reynolds number and GrashoH's Number
(d) GrashoH's Number and Prandlt number

IV. Calculate the prandlt number for water at 90°C with p = 965 k~ I {) = 3.22 x
m

10-7 m2 Is, Cp = 4208 L K, k = 0.676 ~.
kg mK

(a) 1.93 (b) 0.193 (c) 19.3 (d) 193
v. In nucleate boiling, bubbles always originate

(a) in the bulk of the liquid
(b) on the heating sirfface
(c) where the liquid superheat is.minimum
(d) where the liquid is saturated

vi. In boiling heat transfer, the most significant regime of boiling is
(a) Convection boiling (b) Film Boiling
(c) Nuclea te boiling (d) transition boiling

vii. A Flat plate has thickness 5 ern, thermal conductivity 1 W ImK, convective heat
transfer coefficients on its two Hat faces of 10 WI (m2K) and 20 WI (m2K). The
overall heat transfer coefficient for such a flat plate is:
(a) 5 WI (m2K) (b) 6.33 WI (m2K) (c) 30 WI (m2K) (d) 0.2 WI (m2K)
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V 111. Nusselt number for a pipe flow heat transfer coefficient is given by the equation
Nu = 4.36. Which one of the following combinations of conditions do exactly
apply for use of this equation?
(a) Laminar Flow and Constant wall Temperature
(b) Turbulent Flow and Constant wall heat flux
(c) Turbulent flow and constant wall temperature
(d) Laminar flow and Constant wall heat flux

IX. Unit of Thermal Diffusivity is:
(a) ml s °C (b) m21s (c) ml s (d) m21s °C

x. Consider a hydrodynamically fully developed flow of cold air through a heated
pipe of radius rooThe velocity and temperature distributions in the radial

"direction are given by u(r) and'J{r)Jespectivelyr. If Um is the mean velocity at any
section of the pipe, then the bulk mean temperature at that sectIi7orrnl'li<:s--m·UP'rr+~~--=

,
(a) f u(r)T(r)r~dr

"

2 ,:.
(d) -2 f u(r)T(r)rdr

LIn,l~, 0

(c)
(d)

Short answer type questions (4 questions @ 2.5 marks)
Calculate the Grashof number and state if the flow is laminar or turbulent for a
horizontal oil sump, with a surface temperature of 40°C, 0.4m long and O.2m
wide containing oil at 75°C. Given parameters are:
(p = 854 kg/rrr' , P,. = 546, /1= 0.7 x 10-3 K-' and J.1 = 3.56 X 10-2 kg/rns)

It is.proposed to coat a 1 mm diameter wire with enamel paint (K = 0.1 WImK) to
increase heat transfer with air. If air side heat transfer coefficient is 100 WIm2K,
determine the optimum thickness of enamel paint.
Write the significance of Rayleigh number and Nusselt number.
Explain the phenomenon of thermal boundary layer.

10Q.2
(a)

(b)

Q.3A (i) What are the mechanisms of heat transfer? How are they distinguished from 03 +
each other?" 02 =

(ii) Define the ourier s- aw of heat conduction and.Newtons law of cooli~~ __ 05

Q.3B Derive the expression for temperature distribution, under one dimensional 05
steady state heat conduction for the Composite plane wall consisting of three
layers.

Q.4A A metal plate of 4 mm thickness (k = 95.5 WI m °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 W1m2 °C and 2250 W1m2
°C respectively. Determine:
(i) the rate of heat transfer
(ii) the overall heat transfer coefficient, and
(iii) Temperature drop at each side of heat transfer

Q.4B An electric hot plate is maintained at a temperature of 350°C and is used a solution 05
boiling at 95°C. The solution is in metallic vessel of wall thickness 25 mm, which is
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enameled inside to a thickness 0.8 mm. the heat transfer coefficient of boiling solution ;=

is 5.5 KW/m2K, thermal conductivity of the material of vessel and enamel are 50 and !'
1.05 W/mK. Determine: '

(a) The overall heat transfer coefficient
(b) The rate of heat transfer per unit area.

Q.5A For fully developed laminar flow in tubes show that velocity profile can be 05
written as:

Q.5B A counterflow heat exchanger is to heat air entering •...at 400°C with flow rate of i' 05,
6 kgl s by the exhaust gas entering at 800°C with a flowrate of 4 kgl s. The
overall heat transfer coefficient is 100WI m2K and the outlet temperature of the
air is 551.5°C.Specific heat at constant pressure for both air and exhaust gas can I

, f
be taken as 1100J/kg K. Calculate:
(i) The heat transfer area needed;
(iiyThe number of transferunits

Q.6A (i) Explain the mechanism of natural convection.
(ii) A cylindrical body of 300 mm diameter and 1.6 m height is maintained at a
constant temperature of 36.5°C. The surrounding temperature is 13.5°C.
Calculate heat loss by free convection from the body per hour if P = ,
1.025 K~ ; c, = 0.96 Kj IKgOC ; {) = 15.06 x 10-6; k = 0.0892Kj [mh=C; ~ =

m
9~8K-1.Assume Nu = 0.12(Gr. Pr)1/3 (the symbols have their usual meaning)

02 +
03=
05

Q.6B What is boiling? Differentiate between pool boiling and forced boiling? Explain 05
pool boiling curve with neat sketch.

OR
Q.6B Derive expression for temperature distribution and heat dissipation in a straight 05

fin of rectangular profile for Infinitely long fin.

Q.7A Gasoline at the mean bulk temperature of 27°C flows inside a circular tube of 05
19mm inside diameter. The average bulk velocity is 0.061 m/s and the tube is
l.5m long. The flow starts at- the heated tube inlet and the tube surface'
temperature is constant at 38°C.Determine the average heat transfer coefficient'
over 1.5m length of me 'tube.
Take the following fluid properties:

W
I-ls = 5.223 X 10-4 Pas; I-lb = 5.892 X 10-4 Pas; kb = 0.1591-; PbmOC

kg j= 876.6-3; Cpb = 1757-k-; Prb = 6.5m gK
Use the following formula:

Reb·Prb I-lbNu = 1.86[ ]0.33 [_]0.14f. I-ls
D
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Q.7B One end of a long rod, 35 mm in diameter, is inserted into a furnace with the 05
other end projecting in the outside air. After the steady state is reached, the
temperature of the rod is measured at two points 180mm 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.
(Assume that end of the fin is insulated)

OR
Q.7B Air moving at 0.3 m/ s blows over the top of a chest-txpe freezer. The top of the 05

freezer measures 0.9m by l.5m and is poorly insulated so that the surface
remains at 10°e. If the temperature of air is 30°C, make calculations for the
maximum heat transfer by forced convection from the top of the freezer.

Q.8A Derive an expression £ . log m~ temperature difference (LMTD) for counter 10
flow in double pipe heat exchanger. . -- -- -~ - - --

Q.9A Calculate the rate of heat loss from a human body which may be considered as 10
a vertical cylinder 30 ern in diameter, and 175 ern high while standing in a 30
km/hr wind at 15°e. The surface temperature of the human is 35°e. At the
mean film temperature (tf = 25°C), thermophysical properties of air are:

m2
{)= 15.33 X 10-6 s; k = 0.0263 W1m _ deq : Pr = 0.7

Q.9B (a) Differentiate between film condensation and dropwise condensation. 10
(b) A vertical cooling fin approximating a flat plate 40 ern in height is exposed
to saturated steam at atmospheric pressure (tsat=100°C,hfg= 2257 kJlkg).The fin
is maintained at a temperature of 90°C.Estimatethe following:

(i) Thickness of the film at the bottom of the fin
(ii) Overall heat transfer Coefficient; and
(iii) Heat transfer rate after incorporating McAdam's correction.

The relevant fluid properties are:
PI = 965.3 k~; kl = 0.68 W /m~C; 111 = 3.153 X 10-4 N~; PI » Pv

m m
__ OR

Q.9B (a) Define intensity ~f radiation and prove t at l' e inten ITy-of normal radiatien 10
is l/rr times the total emissive power.
(b) A furnace emits radiation at 2000 ~. treating it as a black bpdy radiation,
calculate the

(i) Monochromatic emissive power at 111m wavelength.
(ii) Wavelength at which emission is maximum and corresponding

maximum emissive power
(iii) Total emissive power
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