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Section A : Heat Transfer + Renewable Sources of Energy

Along conducting rod of diameter D and electrical resistance per unit Iength R_is initially
in thermal equilibrium with the ambient air and its surroundings. This equilibrium
condition is disturbed when an electrical current I is passed through the rod. Derive an
expression for the variation of the rod temperature with time during passage of the current.
[12 marks]
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A biomass gasifier is used to run a CI engine in a dual fuel model with 80% diesel
replacement. The gasifier engine system produces 200 kW of power at 800 rpm. Calculate
the biomass feeding rate of the gasifer if the efficiency of the engine is 35% and the
calorific value of the producer gas is 17000 k] /kg, assuming the efficiency of gasifier to
be 75%.
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Discuss how energy is stored in reversible chemical reactions. What are their main
advantages? What do you understand by turning temperature?
[12 marks]
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(d)

N

A diffuse surface at 1600 K has the spectral emissivity as shown in figure. Determine

(i) the total emissivity.

(ii) the total emissive power.
1.0
) T=1600 K
0.8 A, =2um
A, =5pum
& (A)
i 2
04
0
0 2 5
A (um)

[Use blackbody radiation band emission fraction table attached at the end]
[12 marks]
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L (e)

LA

A shell and tube exchanger must be designed to heat 3 kg/s of water from 20 to 85°C.
The heating is to be accomplished by passing hot oil, which is available at 180°C, through
the shell and tube side of the heat exchanger. The oil is known to provide an average
convection coefficient i, = 370 W/m?K on the outside of the tube. Twelve tubes pass the
water through the shell. Each tube is thin walled, of diameter D = 24 mm, and makes six
passes through the shell. If the oil leaves the exchanger at 110°C. Determine

() The required oil flow rate in kg/s.
(i) The required tube length to accomplish the desired heating.

2
hy =370 W/mK lr Single shell

passes : By

* I— One tube pass comprised of
(T tubes, each with D = 24 mm

Use the equation Nu = 0.023 (Re)*8(Pr)4
Correction factor for the heat exchanger to be 0.87
Properties of oil, ¢, = 2300 ]/ kgK; Properties of water, €, = 4180 ] /kgK;

L= 560x10°Ns/m?; k = 0.65 W/mK

[12 marks]
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 (a)

A submarine is to be designed to provide a comfortable temperature for the crew of not
less than 21°C. The submarine can be idealized as a cylinder 10 m in diameter and 70 m
in length. The combined heat transfer coefficient on the interior is 15 W/ m?K, while on
the outside surface the heat transfer coefficient is vary from 60 W/m?K (not moving) to
880 W/m?K (top speed). For the following wall constructions, determine the minimum
size in kilowatts of the heating unit required if the sea water temperatures vary from
2.2°C to 14.5°C during operation.

(i) 1.2 cm aluminium
(ii) 1.8 cm stainless steel with a 2.5 cm thick layer fiberglass insulation on the inside

(iii) of sandwich construction with a 1.8 cm thickness of stainless steel, a 2.5 cm thick
layer of fiberglass insulation, and a 0.6 cm thickness of aluminium on the inside.
What conclusions can you draw?

Take, for aluminium (K ) = 236 (W/mK) at 0°C
for stainless steel (K,) = 0.035 (W/mK) at 20°C

for fiberglass insulation (K.} = 0.035 (W/mK) at 20°C
Go Yo 88° [20 marks]
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A fuel cell has the following reactions:

Anode: C =200 > Cep e

Cathode: BEEG) St U

At reference temperature and pressure (298 K and 1 bar), the changes of enthalpy and of
free energy, per kilomole of CO,, are:

Aiif" = -393.5M]

(4]

B -394.5 M]
What is the overall reaction? What is the ideal emf? What is the difference in entropy
between reactants and products? Assume that the internal resistance of the cell is
1 milli-Ohm. Otherwise, the cell behaves as an ideal voltage source. How much carbon
is needed to deliver 1 MWh of electricity to the load in minimum possible time? What
is the load resistance under such conditions?

[20 marks]
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Q.2 (¢

A square plate maintained at 95°C experiences a force of 10.5 N when air at 25°C flows
over it at a velocity of 30 m/s. Assuming the flow to be turbulent and using Colburn
analogy, calculate (a) heat transfer coefficient and (b) heat loss from the plate surface.
Properties of air at the mean film temperature are:

p =1.06 kg/m>, ¢, =1.005 kJ/kgK, v = 18.97 x 10° m?/s, Pr = 0.696

For turbulent flow, take drag coefficient

0.0742 \ | ‘Jj\&
Crfm - Prséfuma ﬂrwg) 0\@3 c:«{ﬂ—ru
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Q.3 (a)| A cylindrical liquid oxygen (LOX) tank has a diameter of 1.5 m, a length of 6 m, and
hemispherical ends. The boiling point of LOX is ~179.4°C. An insulation is sought which

LOX is 282 kJ/kg. If the thickness of the insulation 7 cm, then determine the value of its
thermal conductivity?
[Assume surrounding temperature to be 20°C]

will reduce the boil-off rate in the steady state 12 kg/hr. The heat of vapourization of
[20 marks]
|




MADE ERSY Question Cum Answer Booklet

Page 17 of 59

Do not
write in
this margin




MRADE ERSY Question Cum Answer Booklet | Page 18 of 59

Do nq
write
this m

Q.3 (b)

A school in a remote place has the following energy requirements:
) Ten lamps each of 100 CP, that operate for 6 hours daily.

*  Ten computers each of 250W, that operate for 6 hours daily by a dual fuel engine
driven generator.

* 2 hp water pump driven by dual fuel engine for two hours daily.
Use the following data:

Gas required for lighting a 100 Candle power lamp = 0.126 m®/hour
Thermal efficiency of both the engines = 25%

Conversion efficiency of generator = 80%

Collectable cow dung per cow =7 kg

Percentage of dry matter in cow dung = 18%

Biogas yield = 0.34 m3/kg of dry matter

Retention period = 50 days

Density of slurry = 1090 kg/m?®

Heating value of biogas = 23 MJ/m?

Volume occupied by gas = 10% of digester volume

Equal amount of water is added in cowdung for producing slurry.

Calculate the size of digester and the number of cows required to feed the plant.
[20 marks]
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B (c)

A paint baking oven consists of a long, triangular (equilateral) duct in which a heated
surface is maintained at 1200 K and another surface is insulated. Painted panels, which
are maintained at 500 K, occupy the third surface. The triangle is of width W =1 m, and
the heated and insulated surfaces have an emissivity of 0.8. The emissivity of the panels
is 0.4. Determine:
(i) During steady-state operation, the rate at which energy is supplied to the heated
side per unit length of the duct to maintain its temperature at 1200 K?

(i) The temperature of the insulated surface?

[20 marks]
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; (a)

Two large steel plates at temperature of 120°C and 80°C are separated by a steel rod
0.4 m long and 2.5 cm in diameter. The rod is welded to each plate. The space between
the plates is filled with insulation, which also insulates the circumference of the rod.

Due to voltage difference between the two plates, an electric current flows through the

rod, dissipating electrical energy at a rate of 15 W. Determine:
(i) The maximum temperature in the rod.
(ii) The heat flow rate at each end of the rod.

Take thermal conductivity of steel as 43 W/mK at 20°C. Also, compare the net heat flow

rate at the two ends with the total rate of heat generation.

[20 marks]
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Q.4 (b)

—W

(i) With the help of a neat sketch, explain the working of a Vertical Axis Wind Turbine

(VAWT). Describe the function of its main components. Also, discuss the key
advantages of VAWTs.

(i) A propeller type wind turbine has following data

Speed of free wind at a height of 10 m = 15 m/s ; Air density = 1.23 kg/m?
o = 0.15; Height of tower = 120 m; Diameter of rotor = 85 m;
Wind velocity at the turbine reduces by 25%; Generator efficiency = 90%
Find :
(i) Total power available in wind.
(ii) Power extracted by the turbine.
(iii} Electrical power generated.
(iv) Axial thrust on the turbine.
(v} Maximum axial thrust on the turbine.
[10 + 10 marks]
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4 (c)

~

Derive an expression for temperature distribution in case of infinite fin.

Two long slender rods A and B, made of different materials having same diameter of
12 mm and length 1 m, are attached to a surface maintained at a temperature of 100°C.
The surfaces of the rods are exposed to ambient still air at 20°C. By traversing along the
length of the rods with a temperature sensor, it is found that the surface temperatures of
rods A and B are equal at positions 15 cm and 7.5 cm respectively away from the base
surface. If material of A is carbon steel with thermal conductivity 60 W/mK, what is the
thermal conductivity of rod B? List the assumptions made. Assume that the average
convection coefficient of air is 5 W/m?K. Find the ratio of the rate of heat transfer for
rods A and B. ke n

it A [T T [20 marks]
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.5 (a)
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Explain the working of molten carbonate fuel cell using appropriate diagram and write
the various chemical reactions involved in this type of fuel cell.
[12 marks]
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Explain clearly what is “thermally developed zone” in case of laminar flow through a
tube and compare it to hydrodynamically developed zone. Draw the temperature
distribution for (i) constant wall temperature (ii) constant heat flux.

deuelo pac Tl [12 marks]
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A 3 mm-thick panel of aluminum alloy (p =2770kg/m?, ¢=875]/kgK and k=177 W/mK
is finished on both sides with an epoxy coating that must be cured at or above T, =150°C
for at least 5 min. The curing operation is performed in a large oven with air at 175°C and
convection coefficient of ki = 40 W/m?K. The coating has an emissivity of € = 0.8, and the
temperature of the oven walls is 175°C, providing an effective radiation coefficient of
h 4 =12 W/m? K. If the panel is placed in the oven at an initial temperature of 25°C, at
what total elapsed time, f, will the cure process be completed? Also show the variation
of temperature with time during the curing process.

[12 marks]
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Q5(d)

Assuming the sun’s surface as black and an equivalent black body temperature of 5779 K,
1. Estimate the rate at which the sun emits radiant energy

2. What fraction of this energy is intercepted by the earth?

3. What is the amount intercepted?

Given: Diameter of sun = 1.39 x 10° m

Diameter of earth =1.27 x 10’ m

Distance between the sun and the earth =1.5 x 101! m p2iiaiks]
2
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5 (e)

A compound parabolic concentrator (CPC), 1.5 m long has an acceptance angle of 20°.
The surface of the absorber is flat with a width of 15 cm. Evaluate the concentration ratio,
the aperture height and the surface area of the concentrator.

[12 marks]
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Q.6 (a)

L\

\

A roof top collector is installed in a building at Agra (27.167°N, 78.1°E). Determine the
total extra-terrestrial radiation falling on the collector on 10% June. If the collector are
installed horizontally and area covered by the collector is 10 m?% Calculate the change in
the total extra-terrestrial radiation incident on the collector if it is inclined by 15°.

< 20 k
T L\"} 0.0%2 O (_3{5- hj) [20 marks]
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113

(b)

A plane wall is composed of two materials, A and B. The wall of material A has uniform
energy generation 4=1.5 x10® W/m?, K 4 =75 W/mK and thickness L, = 50 mm. The

wall of material B has no internal heat generation, with K; =150 W /mK and thickness
L, = 20 mm. The inner surface of material A is well insulated, while the outer surface of
material B is cooled by a water stream T = 30°C and h = 1000 W/m?K.

() Determine the temperature T, of the insulated surface and the temperature T, of
the cooled surface.

(i) Sketch the temperature distribution that exists in the composite under steady-state
conditions.

T [20 marks]
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Discuss the relative merits and limitations of tidal power. What are the difficulties in
tidal power developments? For a typical tidal power plant shown below, the basin area
is 25 x 105 m?. The tide has a range of 10 m. However, turbine stops working when the
head on it falls below 2 m. Assume that density of seawater is 1025 kg/m?, acceleration
due to gravity is 9.81 m/s? combined efficiency of turbine and generator is 75% and
period of energy generation is 6h and 12.5 min.

Determine:

1. Work done in filling or emptying the basin

2. Average power

3. The energy generated in one filling process (in kWh)

T & S Turbine & sluice gate
High tide
B G | G level () S
B E
e A

BT S \ \\\\ ‘\ ‘\\\‘\\‘f\ Low tide level (i)

Figure: Single Basin tidal plant
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7 (a)

(i) Briefly explain how plastic solar cells with the help of nanotechnology can
popularize the use of solar cells in the near future.

(ii) Determine the solar array area and battery size for the average load of 67 W for
24 h. Solar cell efficiency is 10% and sum total of all array design and degrade
array factor is 0.5. Battery charging efficiency is 60%. The load is to be supported
for seven continuous days of cloudy weather (no sunshine) and the battery is to
be fully recharged in 3 days. Average monthly insolation is 181 kWh/m?and it is
assumed that each winter day receives 9.7 hour of sunshine.

[10 + 10 marks]
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Q.7 (b)

The surface temperature of a thin, flat plate placed parallel to an air stream is 80°C. The
free stream velocity is 50 m/s and the temperature of the air is 0°C. The plate is 60 cm
wide and 40 cm long in the direction of the air stream. Neglecting the end effect of the
plate and assuming that the flow within the boundary layer changes abruptly from laminar
to turbulent at a transition Reynolds number of Re_ =4 x 10°, find:

(i) the average heat transfer coefficient in the laminar and turbulent regions.

(ii) the rate of heat transfer for the entire plate, considering both sides.

Also plot the heat transfer coefficient and local friction coefficient as a function of the
distance from the leading edge of the plate.

Take, kinematic viscosity (v) = 18.1 x 10" m?/s

Thermal conductivity (k) = 0.0269 W/mK

Prandtl number (Pr) = 0.71

Density (p) = 1.075 kg/m?
[20 marks]
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Q7 (9

A flat plate collector (2 m x 0.8 m) has a loss resistance r, = 0.13 m*’kW-! and a plate
transfer efficiency 1, = 0.85. The glass cover has transmittance, T = 0.9 water enters
at a temperature T, = 40°C. The ambient temperature is T, = 20°C and irradiance in
the plane of the collector is G = 750 W/ m?. Mean temperature of fluid is T,=42°C.
Volumetric heat capacity may be taken as 4.2575 x 10° J/m®K.

[Take o, = 0.9]

&
& Controller

C&Z

Insulated
@ b storage

Pump

Collector coupled to a separate storage tank by a pump

1. Calculate the flow rate needed to produce a temperature rise of 4°C.

2. Suppose the pump continues to pump at night, when G = 0. What will be the

temperature fall in each passage through the collector?
(Assume that T, = 40°C, T, = 20°C still and 1 38°C).

3. Explain the heat transfer sequence for the collector.

[20 marks]
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A wind turbine generator having a overall efficiency of 45% generates 1500 Watt power
at upstream wind speed of 24 kmph at the atmospheric pressure and temperature of
30°C. Calculate the percentage change in output if the wind turbine generator is operated
at an altitude of 1800 m, temperature 10°C, upstream wind speed 30 kmph, and air
pressure 88% of atmospheric pressure with same overall efficiency. Explain solidity
and show its variation with tip speed ratio. »

[20 marks]
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(b)

A furnace is insulated with a firebrick lining of 200 mm thickness. The temperature of
hot gases in the furnace is 1800 K and the temperature of the surroundings of the furnace
is 300K. The thermal conductivity of the firebricks is given by k = k(1 + BT) where k_ is
equal to 0.85 W/m-K and B is equal to 7 x 10~ per K. The heat transfer coefficient on the
hot and cold sides of wall is 40 W/m?K and 10 W/m?K respectively. Determine the
temperature at inner and outer surfaces of the wall. Also find out the heat lost per unit
area of the wall.

[20 marks]
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(i)

Write the different types of tidal power plants on the basis of their operation. Also
explain double basin with paired-basin operation type tidal plant with a neat sketch.

Explain the I-V characteristics of a solar cell and define fill factor. What is the
significance of fill factor?

[10 + 10 marks]
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