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Group A

I. (")

A solar energy collector uses a singlc glass cover
with a thickness of 4 mm. In the visible solar range,
the refraction index ofglass is 1.526 and its exti.ncI
tion coeflicient is 32 m- . Calculate the reflectivity,
transmissivity, and absorptivity of the p;lass sheet for
6ff and at nonnal incidence

the angle ofincidence of

0o.

(b)

10

Discuss about the indirect waterheating system with

aneatsketch.

l0

2. (a) Explain the working oftidal currentpowersystem
with a neat sketch
l0
(lirn

61

Ovur

)

(b)

I)etilrminc the ext?'atflrreslriai norrnal radiirtion ourd
tlrr: extraterrestriai rtidia.tion cn a hoyizontal su r (hce

Table 2

on h,{arch 10 at 2:0ff pm s*lnr time

1'crr 35 'N
latitild€. AIso, <Ietennine th* total soleu rad iat io r l o n

the exlraterrestrial l"roi:izrlr:tal surface for thc day.

(c)

Wind Speed,
5

Calcuiate the volurnc oI'a biogns rligester suitablc
for tire output r;1 6000 pigs. the pwer availahle {inm
the digester. assurning a retentir:n tirne ul 20 ctrays
and a bumerefficicnuy of 0.6.

3. (a) Table 1 shows simplified

power rating curves lbr

'ttte Vestas 600 kV/ ancl ENERCON 600 kW wiud
twbines, 'lvhils'Ifible 2 givcs tlie p.rr:portion of wincl
spced in each wind spccd category. Estimate the

overall load factor for each m;rchine at the site in
qucstion and the annual :unount ol'elcctricity gene-

rated.

10

Table I
VESTAS
WincX Speed,

rnls

4"50

Pr-rr,r,e4

kW

F,NfiI(CoN

0"00

0"0

5.00

30..10

42.1

7.00

135.oil

t26.s

9.00

287.00

278.7

1.00

4s0.00

484-(t

13.00

558.00

590.0

15.00

594.0U

600.0

17.00

600"00

600.0

19"00

500.00

500.0

20.00

600"00

600.0

1

(r)

P<lwer, k\U

h{C 413 {1503)

1:r1i

{Continued

Frequency,

0-2
2-4
4-6

22.4

6-8

18.8

8:10

11"4

t0-r2

9.8

12-14

7.4

t4-t6

5.1

l6-18
l8-20

2.9

>20

0.8

%o

7.6
11.8

2.0

For aparabolic lrough collector with a rirn angle

of

70", dperture of 5.6 m, and receiver diameter of
50 rnri, estimate the focal distance, concentration
ratio, rim raditts, and length offlre parabolic surface. 10
at a room temperature of
'i(: and hats a UA of 2500 WlK. The ambient
tcmpcraturc is I 'C and the storagetankPmper?ture-is 80'C. Estirnate the space load, domestic

4. (,t) A space is maintained
2l

water heating load, and aux i I iary enerry required,
the following upply : Fleat exclmnger effectiveness

if
:
:

0.7; flow rate of air side of heat exchanger
I .l k/s; specific heat of air: I .05 kJ/kg-K. Envi-

ronmenta[tcmperature at the space rvhere storage
tank is located : 15 oC : UA of storage tank :
2.5 W/"K; mass flow rate of domestic water :
0.2 kg/s; required domestic water temperature: . ^
60 "i and riake-up water temperture : 12 "C. 10

Cutout speed 20 ms"l

5'i6:2AN:

I

ms'

\
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(3)

(Turn Over )

(b)

(c)

Explain the working of solar thermal power plant
based on Rankine cycle with a layout sketch.

(c)

List the parameters that affect digestion in biogas
reactors.

7. (a)

Group B

(b)

5. (a) Differentiate betweennuclearfissionandfusion.
(b)

Suppose a fuel cell that opcrates at 25 'C (298K)
and I atm forms liquidwater :
1

'2 =O, + HrO(l) NI = -285.8 kJ/mol of [ [,

FI, +

Substance State .i7', kJ/mol S', kJAnol-K G', kJ/mol

H,

Gas

0

0.r30

0

o2

Gas

0

0,205

0

!'ind rhe minimum amount ofheat rc.iected per mole
of Hr. What is the maximum ellicicncy ofthe fuel

celli

(r) Discuss about the gpid connected
a neat sketch"

Sl'}V system

(.')

(b)

In

a

applications.

6
:

irradiance:617 Wrn2: standard

*

I

'21,139.169 kWhldr:y; energy lost in the SPV
system ": 30oA, PV motlule lreak rated output :
215 Wm2 ; inverter size =' 0.5 I\4W; battery loss :
l5%o; norninal battery voltage:96 V; and depth
of dischargc for battery : 40Yo" Estimate the (i)
energy rcrluircd to be generated fi'oru the plant per
day, (ii) number of PV modules retluired; (iii)
numhcr of inverters required; (iv) battery capacity;
ancl (v) plant capacitv factor. Assume one day

tl

single-flash geothennal power plaut, gcother-

(4)

)iscuss aboutthe types ol firel ceils. their character-

tcst conditions irradiance -. I 000 W / m2 ; average
strnshine hours "' 9.32; peak cnergy recluirement

mal r.vater enterc the flash clianiber (a lltrottling valve)
a1230 oC as a saturated liquid at a rate of 50 kg/s.
The steam resulting from the flashing process enters

S'16 : 2 AN: MC 413 (1503)

I

Average solar

6

a turbine and leaves at 20 kPa with a moisture
content of 5Yo. Determine the temperature of the
steam afterthe flashingprocess and the power output from the turbine, ifthe pressure ofthe steam at
the exit ofthe flash chamber is I MPa.

5

A combined cycle pouer plant, con:prising a MI{f)
generatoq steam generator, and steam truhine plant,
is operating as follows : Power output of the
combint:d plant = 120 MW; Iv{HD generator efticiency -. ().4; and steam turbine plant efficiency:
0.32. (lalculate the overall efficiency, MIID genera1or lrcat cxhaust rate, MHf) generatorpower ontput
irncl stcam turbine powcr output.

8. (u) 'l'he data for a SPV power plant are as fcrllows

with

sketch.

Discuss about the open cycle OTEC systern"

istic.s and

6" (rr) Discuss about the nucleal fusion reaction itttd cokl
fusion reactorwithaneat

What maximum wavelength can a photonhave to
create hole-electron pairs in silicon ? What is the
minimum frequency ? Silicon has a band gap of
4
1.12 eV and 1 eV = 1.6x10-teJ.

(b)

autorcmy.

8

Discuss aboutthe solar-biomass integratedpower
plantu'ithaneat sketch.

8

8
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(5)

(TwrnOver)

(c)

Explain the need for superconductors in fusion

reactors.

Group C
o

Explainonthefollowinginbrief

(,
(O
(iii)

:

l0x2

Layers ofearth
Sonicanemometer

Windrose

(rv)

Levelized.costcfenerry

(y)

Thermionicconverter

(r,r)

Fresnel lens

(vii)

Fixed dome biogas plant

(uiir)

Greenhouse effect

(,x)

MPPT

(x)

PCM
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a turbine and leaves at 20 kPa with a moisture
content of 5Yo. Determine the temperature of the
steam afterthe flashingprocess and the power output from the turbine, ifthe pressure ofthe steam at
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nme : Three hours
Maximum Marks : I 00
Answer FIVE questions, taking ANYTWO.from Group A,
ANY TWO from Group B and ALL from Group C.
All parts ofa question ( a, b, etc. ) should
be answered at one place.
Answer should be briefand to-the-point and be supplemented
with neat sketches. Unnecessary long answer may
result in loss ofmarks.
Any missing or wrong data may be assumed suitably giving
proper justification.
Figures on the right-hand side margin indicate full marks.

Group A
1. (a) What are the main advantages ofbiogas? What are
its constituents? What are itS applications?
12

(b) What is tip speed ratio ? Explain the variations of
power output of a wind turbine with tip speed ratio of
different rotors.
8

2. (a) The basin area of a single basis type tidal park plant
is 25 x 106 m 2• The tidal range is 10 m. The turbine,
however, stops operating when the head on it falls
below 4 m. Calculate the energy generated in one
filling process, ifthe turbine generator efficiency is 0. 7. 12

(b) Explain the characteristics of various types ofrotors
used in windmills.
8

3. (a) Define solar irradiance, sotarconstant, extra-terrestrial
8

and terrestrial radiations.

(b) What are the advantages and disadvantages of concentrating collector over flat plate collectors? Estimate
the hot water tank storage capacity and also the
collector area required for a hotel bot water require12
ments which are as follows :

(b) Describe the classification of solar cells based on the
12
type of active material used.

6. (a) Explain the heating and cooling applications ofthermoelectric system. Comment on the types of materials
used for low and high temperature applications.
8

(b) Explain V-1 characteristics of fuel cell and explain
different losses and measures to reduce the same.

No.ofrooms
%ofoccupation
Hot water demand
per person
Hot water demand
in kitchen
Hot water losses
Hot water temperature
Cold water temperature

Cpofwater
Average solar
radiation in that
location
Efficiency ofcollector
Systems efficiency
(piping, etc.)

80 (120 beds)
80%

12

7. (a) Explain the open cycle OTEC system and discuss
8

its advantages.
40litre

(b) Describe various energy extraction technologies used
with hydrothermal resources.

160litre
20%
60 oc

12

8. (a) What is meant by 'uranium enrichment' ? Why is it
required ? Describe some methods of uranium enrich-

30°C
1.16kWh/m3 °K

(b) A solar pond is to be built in a location where the

annual global radiation incident on the pond surfa~e
is about 2000 kWh/m 2• The area of the pond IS
6000 m 2• The total initial cost of the pond, including
associated heat exchange equipment, is Rs. 6,600,000.
Assuming an annual collection efficiency of 20%,
calculate the energy collected in the pond in one year.
If conventional system using oil is used for the same
purpose, calculate the amount of oil required per year.
Assume a oil heating value of38000 kJ/litre and an
efficiency of 80% for the equipment. Calculate the
payback period for the pond assuming a fuel cost of
Rs. 6/litre, and a fuel inflation rate of6%. Assume a
12
discount rate of 9%.

2

2.5 kWh/day/m
0.6
0.85

4. (a) Describe operating of a non-convective solar pond

and explain how it can be used for power generation. 8

(b) Explain a solar air heating system using different
collector configurations along with their advantages
12
and disadvantages.

Group C

GroupB

5. (a) Explain various factors contributing to losses and
8
efficiency reduction in a solar cell.

8

ment.

9. Choose the correct answer for the following :
(z)

A pyrheliometer is an instrument which measures

(a) beam radiation.

(vi) Tides arise

(b) diffuse radiation.
(c) global radiation.
(d) duration of bright sunshine.
(iz) The hour angle is an angular measure of time and is
equivalent to

(a)
(b)
(c)
(d)

(vii) Which one ofthe following is not a source ofpower?

(a) 5°perhour.

(a) Thennocouple
(b) PV cell

(b) 10° per hour.
(c) l5°perhour.

(c) Fuelcell
(d) Photoelectric cell

(d) 30°perhow.
(iiz) For op~um storage ofheat with rocks, small pebbles
should be utilized, because it

onceaday.
twice a day.
thriceaday.
fourtimesaday.

(viii)The outennost layer ofthe earth is

(a) gives large surface area to mass ratio.

(a) magma
(b) mantle.

(b) gives smrul surface area to mass ratio.

(c) crust.

(c) ipcreases specific heat.

(d) solid iron core.

(d) decreases the cost of rocks.

(ix) Boiler water reactors and pressurized water reactors

are

(iv) The fill factor for silicon cell may vary from

(a) nuclearreactors.

(a) 0 ..1 to 0.15

(b) solarreactors.

(b) 0.2 to 0.3

(c) OTEC

(c) 0.35 to 0.5

(d) biogas reactors.

(d) 0.65 to 0.8
( v) Sail type windmill has

(a) 2 blades.

(x)

Ocean thennal energy is due to
(a) energ-y stored by water in oceati.

(b) 3 blades.

(b) temperature difference at different levels in the
ocean.

(c) 4 blades.

(c) pressure difference at different levels in the ocean.

(d) 5 blades.

(d) tides arising out in the ocean.
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Group A

1. (a) Explain the working of distributed collector solar
thermal electric power plant, with the help ofa schematic diagram.
6
(b) Explain the principle of solar drying taking a case
of simple cabinet-type solar drier.
6

(c) Describe the flat plate collector with the help of a
suitable diagram. What are its main advantages?
2. Write notes on the following:
(l)

8

4x5

Thermal energy storage

(il) Structure ofthe sun

(iiz) Solar house
(iv) Advantages and limitations ofrenewable sources of
energy.

3. (a) What is biomass and how is it found ? What are
biofuels? What do you understand by thermochemical and biochemical conversions? Explain anaerohie digestion and fermentation. Mention the calorifie value ofprominent biofuels.
10

(b)

Describe a community-type Gobar Gas Plant. Also,
list the requirements for its operations..
6

(c)

Explain 'energy farming'. Discuss the availability of
biomass in India.
4

4. (a) Derive an expression for energy available in wind.

(b)

(c)

(b)

What are the advantages and disadvantages of direct energy conversion system over the conventional
power generating system? Describe the principle of
solar photovoltaic energy conversion system.
6

(c)

Explain how the variation of insolation and ternperature affects the i-v characteristics of a solar
6
cell. Defme energy payback period.

7. (a) Explain the meaning of (i) geothermal energy, and
(ii) geothermal field. List the merits and limitation of
geothermal energy. Explain 'dry-steam hydrothermal system'.
8

4

Differentiate between global (planetary) and local
winds. Discuss factors affecting the distribution of
wind energy on the surface ofthe earth.
6

(b) What is the source of tidal energy ? What is the
minimum tidal range required for a practical tidal
plant ? How much is the potential in tides ?

Sketch the Horizontal Axis Wind Turbine (HAWT)

(c)

~..-t..rl
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"\.T.o-rt-~r-. .... 1
l"""J.UVQJ.

A -v;C'l 'XT; ..... ,t 'T--. .......h;-..:. ("\!A .llTT\ ,..,. ..... .rl

£1A.l_.:>
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.1..)

\..1\..lUJ.

10

the future source of energy. List the main fusion
reactions along with the advantages and limitations
10
of fusion energy.

5. (a) Describe the basic principle of operation of an
---~1-~

-~-----..__~---

_l

____ t_-...CTTT""\.

--

/1_'\

_ _ _ ..__

(b) What is a fuel cell ? Discuss classification, advantages and applications offuel cells. Explain the principle ofoperation of an alkaline fuel cell.
(c) Comment on the possibilities of hydrogen as a
potential energy carrier in future.

6

..:J]~L\.11..1.1.

8. (a) Explain thermonuclear fusion and prove that it is

GroupB
MHD generator. With the help ofschematic diagram,
__ .._L_
_r_t ___
cxptam rnc upcmuun m cmscu cyc1e lVllll.J genem£ingsystem.

Explain the functioning of modulated single pool
hrlal C',;rotorn

Q.UU

explain the function ofmain components.

6

~D)

8

-y: ____

,_~--

Ll_- ....___ ___ - - - - - - - - - - - _.£' ____

----L~-

____

_L"". _________ L

cxpmmme LWU processes 01 rnagueuc cunnucrnem
and iq.ertial confinement used for plasma confine10
ment
Groupe

8

4

6. (a) What are the basic principle ofoperation of(i) thermionic generator, and (ii) thermoelectric generator. Explain clearly with the help of suitable line
diagrams.
4+4

9. Answer the following in brief:
(i)

Selective surfaces

(iz) Solar air heaters

(iii) Integrated energy packages

10

X

2
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NON-CONVENTIONAL ENERGY SYSTEMS

Time : Three hours
Maximum Marks : 100
Answer FIVE questions, taking ANY TWO from Group A,
ANYTWOjrom Group Band ALL from Group C.
All parts of a question ( a, b, etc. ) should be
answered at one place.
Answer should be briefand to-the-point and be supplemented with neat sketclies. Unnecessary long answer may
result in loss ofmarks.
Any missing or wrong data may be assumed suitably
giving proper justification.
Figures on the right-hand side margin indicate full marks
Group A

1. (a) What is the principle of photovoltaic power
generation ? Explain the operation of a solar cell.
What is fi!! factor?
8
(b) Explain the advantages and limitations of solar cells.

Discuss the concept of satellite power station.

6

(c) What is solar-hydrogen energy system? Discuss the
importance ofthis system in the present-day energy
6
scenario.
2. (a) What are direct and indirect methods of solar energy
utilization?
6
(b) Explain flat plate and concentrating solar energy

collectors. What is tracking of the concentrator?

6

(c) Discuss, with a neat sketch, the central tower
concept of utilizing solar energy in Rankine cycle
operation for electricity generation.
8

6. (a) What is biomass and how is it formed ? What are
biofuels ? What do you understand by thetmochemical and biochemical conversions ? Explain
anaerobic digestion and fermentation.
8

3. (a) What are the three technologies oftapping the energy
source of ocean energy? What is OTEC ? Explain
a Rankine cycle OTEC plant with an appropriate
schematic diagram.
6

(b) \X/hat do you understand by an energy farm and an
aquaticfarm?
4
(c) Explain the functions ofthe digester and dome with

(b) Discuss the scope of utilizing ocean wave energy

to generate electricity.

(c) How is tidal energy converted to electrical energy ?
What do you mean by schedule and range of a tidal
wave ? Discuss different tidal power schemes and
configurations with neat sketches.
10

4. (a) Explain the functionsand use ofwindmills. How do
vertical shaft windmills compare with windmills
having horizontal shaft?
6
(b) What is the total power of a wind stream ? What do
you mean by coefficient of performance and tip
speed ratio of a windmill. On what factors does the
performance of windmills depend?
8

(c)· How is the power output ofwind turbine controlled
and utilized?

the help of a typical biogas plant. How are animal
wastes utilized to produce biogas ?
8

4

6

Group B
5. (a) How does a fuel cell operate? How is it different
from a battery? Explain the hydrogen-oxygen and
carbon-oxygen fuel cells.
8

7.

(a) How is electricity generated by thermoelectric

means ? What is figure of merit ? What are the
suitable materials for thermoelectric elements ?
Mention the advantages ofthennoelectric generators.} 0

(b) Explain geothermal heat as an energy source. Briefly
explain different types of geothermal source, namely,
hydrothetmal, geopressurized and P_etro-thermal.
What is hot dry rock ? How can It be used to
produce power ?
10

8. (a) Discuss the principle ofMHD power generation.
Explain the operation of MHD steam power pI ant.
\Vhat is the function of an inverter? Evaluate coal as
the MHD fuel.
12
(b) What is the principle ofthermionic power gene_ration? Explain the meaning of surface work function
and Fermi energy. What is Richardson-Dushman
~~oo?

8
Group C

(b) Explain the thermodyn.amics of fuel ce~l react~ns.
What is a Faraday? D1scuss the meanmg oftdeal
voltageofafuelce11.
8

9. (A) Answerthefollowinginbrief:
(i) Nuclear fusion

(c) Give the applications of fuel cell. What are the
advantages of hydrogen as a fuel 7
2+2

(ii) Benefits of cogeneration systems

4x3
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NON-CONVENTIONAL ENERGY SYSTEMS
1ime : Three hours
Maximum Marks : 100
Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group Band ALL from Group C.
All parts of a question ( a, b, etc. ) should be
answered at one place.
·.Answer should be briefand to-the-point and be supple- · mented with neat sketches. Unnecessary4ong al}SWers
may result in loss of marks..
Any missing or wrong data may be assumed suitably
· giving proper justification.

f'lf)lft:J on the righi·hand side margin indicatefuii marks.
Group A

1. (a) How can solar energy be converted inYl electrical
energy ? With the help of a schematic diagram,

explain the working of distributed collector 'solar
thermal' electric power plant
{o)

6

L>ilierwtiDte between direct ~ruymgand iridirect
solar d.rying. With the help ofasketch, de.scribe fhe
functioning of an indirect solar drying system used
furcropruym~ ·

6

(c) A flat plate collector sys~ bas aluminium absorber
plate (KP = 211 W/m-K) of thickness 0.35 mm and
area 1.5 m2 and it has ten riser tubes of diameter
0.025 m each. The length of the tube being 1 m,
(Turn Over)

find the collector efficiency factor, F ', for the
collector, if the convective heat transfer coefficient
from inner tube surface to water is (i) 50 W/m2 -K,
(ii) 100 W/m 2-K, (iii) 500 W/m 2-K. The overall
loss coefficient is 7.2 W/m2-K.
8

4. (a) Explain the process of production ofbiogas from
biomass. What are the main advantages of anaerobic digestion ofbiomass ?

6

(b) Explain the process of gasification of solid biofuels.

2. (a) Calculate the day's solar radiation on a horizontal
surface (H0) in the absence of the atmosphere at
latitude 30 °N on 31 May 1995.
6
(b) Explain the working ofa non-convective solar pond.

6

(c) (z) Compare the relative merits and demerits ofLiBrwater and aqua-ammonia vapour absorption
4
coolingsystem.

(iz) Explainthe'StructureofSun'.

(b) How are deficiencies of a simple singie-pooi tidai

system corrected in a modulated single-pool tidal
system ? Explain.
8
(c) For a tidal mill, having a blade length of3 m, compute the oower captured bv the blades when the
tidal curr~nt is 18.52 krn/h ~d the power coefficient
of the tidal mill is 0.45. If a wind mill has the same
diameter as the tidal mill and the wind speed is
equivalent to the tidal speed and the power coefficient is also 0.45, compute the power captured hy
the blades. Prove that the two powers ha'\'e the same
ratio as the ratio of water density to airde11sity.
6
( 2 )

(c) Explain the desirable features of bioethanol that
make it suitable for automobiles. What is the grade
required for blending with petrol ? Explain the
process of commercial production of ethanol
from biomass.

4

3. (a) Explain the functioning of Darrieus-type wind
energy system.
6

S' 12:2 AN:MC4 13 (1503)

What is the general composition of the gas produced and what is the heating value ? What are
the main applications ?
7

7

GroupB
5. (a) An ideal PV cell produces 2.5 W at 0.5 V during
certain environmental conditions. Compute the
on
current and voltalle_
if the cells are
- -- tout
-c --- nower_
c v
connected in the following arrangements :
3x2
--7

-

-

-

-

-

-

-

;~

(z) When the PV cells are connected as a panel of
four parallel columns and each column has 10
series cells;
(iz) When several panels are connected as an array
of two parallel columns and each column has
four series modules ; and
(iil) When several arrays are connected as a solar
system consisting of 10 parallel columns and
each column has 20 series arrays.

(Conti l'!ued)
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(3 )

(Turn-Over)

(b) How is the conversion ofheat directly realized in a
thermionic converter ? Write the expression for
ideal current density.
6

(c) Explain the basic principle ofMHD generator. With
the help of a suitable diagram, explain the operation
of an open cycle MHD generator system.
8

6. (a) Discuss different geothermal resources.

6

(b) Calculate the open-circuit voltage, the maximum
work, and the thermal efficiency for a H2-02 fuel
cell at 25 °C and 1 atmosphere (1.013 bar). The

8. (a) Write a note on integrated energy systems using
solar, wind, biomass, etc.

(b) Discuss the main features of various types of renewable and non-renewable energy sources and
explain the importance of non-conventional energy
6
sources in the context ofglobal warming.
(c) A 100 lit/day domestic solar water heater saves
consumption of electricity on I 00 days (electric
geyser) of the year by heating 100 litre of water
from 15 °C to 60 °C. The useful life of the solar
water heater is estimated to be I 0 years. Determine
the present worth of saving through the use of the
L"""'1,. .. •• ,.,.. ....,.. l...a.n.+.a• ;.,.. +l..a

product H2 0 is in liquid state. Detenuine the

.,V.UU.

power output in reversible and actual energy conversion processes as well as the overall efficiency of
the fuel cell, when the performance factor is 0.7.
The hourly hydrogen consumption is 1.3 kg/h.
Given: Gibb's free energy change and production
enthalpy for~0 (liquid) at I.O I3 bar and 25 °C are : 8
~G820

Ml820

=-237.14kJ/mo}
=-285.83 kJ/mol

(c) Explain the working of an open cycle OTEC system.

Y¥G\.'-'& U'""G"'-''t 11. 1.1.1\,t

.a.~,.,.;.o,...,,.,.,,.
\.I~.L.l\J.U,,.l.l\J]

n..f +l...a.

.o.lo,._~,.,.
V.L \.ll"" '-'·"•''-'1..1..1\o.f

geyser is 90% and the cost of electricity is
Rs.4/kW.Assumeinterestrateas 12%.

9. Answer the following brief :

10

(z)

Explain selective surface.

(iz)

What is wind farm ? List any five locations of
wind fannin India

( iv)

Explain 'photosynthesis' and list necessary conditions for it

(b) Explain the fundamental principle of fusion process.
What is plasma confinement in fusion reactor?
8

( v)

Explain the terms 'air mass' and 'albedo'.

(c) Write a note on 'superconductivity'.

(vi) What is thermoelectric energy conversion?
S'12 :2 AN:MC413 (1503)

( 4 )

(Con •i n ued)

X

2

(iiz) List the applications of fuel cells.

7. (a) Discuss the method/methods of generation of
hydrogen for fuel cells and its storage system.
6

S' 12:2 AN:MC413 ( 1503)
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(5 )
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NON-CONVENUONAL ENERGY SYSTEMS

Tiine : Three hours
Maximum Marks : 100
Answer

questions, taking ANY TWO from Group A,
from Group B and ALL from Group C.

FIVE

ANY TWO

AU parts of a question (a~ b, etc.) should be

answered at one place.
Answer shouid be briefand to-the-point and be supplemented with neJlt sketches. Unnecessary long answers
may result in Joss ofmarks.
Any missing or wrong data may be assumed suitably
giving proper justification.
Figures on the right-hand side margin indicate full marks.

Group A

1. (a) 'An energy-efficient solar collector should absorb
incident solar radiation, convert it into thermal
energy and deliver thermal energy to a heattransfer medium with minimum loss at each step.'
In the light of the above s"tatement, mention important features of flat-plate solar collectors and
selectively solar-absorbing coatings.
From basic energy balance equation, derive
the expression for collection efficiency.
10
(b) Explain the principle of solar drying. Explain how
is the solar thermal effect utilized in drying ?
5
(c) De'Scribe a central-receiver-type solar thermal5
electric conversion system.

2.

( c) The following data were measured for a horizontal
axis wind turbine :
Speed of 'Wind= 20m/sat 1 atmand 27DC
Diameter of rotor= 80 m
Speed of rotor= 40 rpm
Calculate the torque produced at the shaft for
maximum output of the turbine.
5

(a) What is the origin of biomass energy? Name the

raw materials which can be used for production
of biogas. Compare relative performances of flo a10
ting drum and fixed-dome-type biogas plants.
(b) Explain the working of a non-convective solar

pond.

5

( d) Explain ( i ) speed control strategies for wind

(c) Explain the working of a double slope passive solar

still analyzing the flow of energy.
3.

turbines; and (ii) power-speed characteristics of
wind turbines.
5

5

(a ) For a simpl~ single-pool tidal system, show that

the average, theoretical power delivered by the
water (PavIA ) is equal to

GroupB
5. (a ) Highlight special features of direct energy conversion technology.
2

Par/rt= 0.225R 2 (W /m 2 )
where R is the tidal range (in m). What are the
deficiencies of such a system and how are these
corrected in the modulated single-pool tidal
system'?
10

( b ) Describe the principle of solar photovoltaic energy

conversion. How does the variation of insolation
and temperature affect the I-V characteristics of
a solar cell?
8
(c) Write a note on 'Amorphous Silicon Solar Cell'.

(b) What are the special features of non-conventional
energy systems as compared to conventional
systems?
4

( c ) What is the need of energy storage'? Describe
various methods of storing the energy in brief.
6
4.

5

(d) Explain the heating and cooling applications of
thermoelectric system. Comment on the type of
materials used for low and high temperature applications.
5

(a ) What is geothermal energy? List its merits and
demerits, applications and environmental impact. 5

Describe the basic principle of operation of an
MHD generator along with major advantages and
limitations. Derive expressions for maximum
power generation per unit volume of a generator. 7

(b) With the help of a neat sketch, describe the vapourdominated (dry steam)-type geothermal source of
5
energy.

( b ) With the help of a schematic diagram, explain the
7
operation of closed cycle MHD system.

6.

(a )
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Maximum marks : 100
Answer FIVE questions, taking ANY TWO from Group A,
ANY TWO from Group B and AIL from Group C.
All parts of a question (a, b, etc.) should be
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giving proper justification. ,
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Group A
1.

(a) Calculate the heat removal factor, useful heat gain,
exit fluid temperature, and collection efficiency for
a cylindrical parabolic concentrator having 2.5 m
width and 9 m length, the outside diameter of the
absorber tube being 6.5 em. The temperature of the
fluid to be heated at the inlet is 26 oc with a flow rate
of 450 kg/h. The incident beam radiation is 700
W /m 2• The ambient temperature is 28 °C. The optical
properties are: Q = 0.85, {-ta) b == 0. 78, t =" 0.93 and
= 1.256 kJ/kgoC, collector efficiency factor=

c;

0.85, and heat loss coefficient= 7.0W/m 2 °C.

10

( b ) A CPC, 1. 5 m long, has an acceptance angle of 20°.

The surface of the absorber is flat with a width of
15 em. Evaluate the concentration ratio. aperture
height, and surface area of the concentrator.
5

(c) Explain the difference between active and passive
5
solar heating systems.

2.

(a ) Calculate wind velocities at heights of 20m, 40 m,

60 m, 80 m, and 120m above ground, if the velocity
at 10m is 10m/ s.
6

GroupB
5.

(a) A 2 em x 2 em x 0.05 mm solar cell bas the following

I-V characteristic with approximate .{; = 0.166 A and
Voc = 0.6 V. The I-V characteristic is constant at
0.166 A up to 0. 5 V. Calculate the fill factor and cell
efficiency.
6

( b ) Explain how the energy produced by a wind turbine

can be stored for re-use. What are the arrangements
used for starting a Darrieus wind turbine?.
6

mum power that can be obtained when exit velocity
is one-third of wind velocity and it _equals

v;.

( d) How does a solar chimney work? Explain.

8

3. (a ) Explain various solar thermal energy storage systems. 6

generates for two 6-hour peri~ds per day. Calculate
the basin capacity ·(in m3 ) and annual energy production. Again, assume 93% efficiency.
8
(c) Explain the working of a non-convective solar pond. 6
(a ) Calculate the volume of a cow-dung based biogas
plant required for cooking needs of a family of five
adults and house light need with two 60 C.P: lamps
for three hours daily. Also, qt}culate the required
8
number of cows to feed the plant.
( b ) Discuss on the factors affecting the performance of

biogas digesters.

( c ) Compare updraft and downdraft gasifiers.

6. (a ) Classify geothermal sources.

6

8
4:

4
5

(b) Explain the significance of Coulomb barrier in nuclear

fusion generation of power.

( b ) A tidal power station has 24 generators, each of 10
MW, operating at a maximum head of 13.5m. It

4.

the Lorenz number.

( c ) Explain the difference between band gap and barrier
voltage in a solar cell.
4

(c) Prove that, in case of horizontal wind turbine, maxi-

(8/27)QA

( b ) Discuss the importance of Wiedeman-Franz law and

5

( c ) Describe the working of a closed cycle OTEC system
using NH3 as the working fluid.
10
7. (a. ) A MHD duct has an inlet pressure of l 0 atm and
discharges into the atmosphere. Find its volume for
a length of 20m and inlet diameter of 2m, if the duct
is of circular cross-section throughout as well as the
outlet diameter. What will be the volume fer a square
duct of side 1.5 m and length 25m?
6
( b ) Describe at least three different processes for generating hydrogen and three systems for storing it.
8

(c) List five types of fuel cells developed in industry.
Give all materials used fDr cathode, anode, and
electrolyte.
6

8.

( ii) Natural gas is transported mainly through

(a) Describe a geothermal power plant using single-flash

system.

6

(a ) pipelines

(b) A solar hot water system, having an array of flat-plate

collectors with an area of 30m2 , is installed in a
factory. It costs Rs. 1,50,000 and is set up with an
initial down payment of20 per cent of the investment,
the balance 80 per cent being taken as a loan to be
repaid in equal annual instalments over a 10 year
period at an interest rate of 16 per cent. The cost
of conventional fuel saved in the first year is
Rs. 21,000 and this cost increases at the rate of 4
per cent every year. The annual expenditure required
by way of maintenance, electrical energy for running
subsidiary equipment, local taxes, insurance, etc. is
Rs. 6,600 in the first year, and this expense increases
at the rate of 5 per cent every year. Tax deductions
are permissible only on depreciation, which is allowed at the rate of 25 per cent each year, and the
company income-tax rate is 55 per cent. Assuming
that the market discount rate is 10 per cent, calculate
the cumulative solar savings over a period of 15 years. 10
( c) What is thermionic emission effect ? How is space

(b) trucks

(c) barges
(d) All of the above.

(iii) Hydrogen can play an important role as an alternative
to conventional fuels as
(a) an energy carrier.

( b ) an energy device.

( c ) a fossil fuel source.
(d) an energy system.
( iv) How many days in a year, on an average, solar energy

is available in India?
(a) 100 days

(b) 150 days

4

charge effect min4llized ?

(c) 225 days

Groupe
9.

Choose the correct answer for the following:

20x 1

( i) Which one of these activities would result in a sus-

tainable supply of biomass ?

(d) 300 days

( v) Horizontal-axis wind mills of modem design can
(a ) always tum to face wind.

(a ) Wide-scale logging

( b ) Coppcing
( c ) Hedge laying
( d ) Slash and burn

(b) not adjust its output.
(c) not turn to winds directions.
(d) not turn to face wind.

( vi) Electrical output of a solar cell depends on

(a) intensity of solar radiation.
(b) heat component of solar radiation.

( c ) UV component of solar radiation.
(d) MIR component of solar radiation.
( vii) The optimal pH for methane production ranges

between
(a) 6.5 and 7.2.

( x ) The maximum temperature that can be obtained in

a parabolic disc concentrator-type solar cooker is
about
(a) 75°C

(b) 250°C
(c) 450°C

(d) 300°C
(xi) Which one of the following processes takes place in
fuel cell?

(b) Sand5.6.

( a ) Electromagnetic

(c) 8 and 9.5.

( b ) Electrochemical

(d) 2.3 and 4.5.

( viii ) Gasification of biomass is a
(a ) biochemical conversion process.

( c ) Thermionic
(d) Heat transfer

( xii) In the interior of the earth, the average thickness
of crust above the magma is about

( b ) chemical conversion process.

(a) 10-25 k.rn

( c ) thermochemical conversion process.

( b ) 30-40 k.rn

(d) biological conversion process.

(c) 100-150 krn

( ix ) The value of solar constant is about
(a) 6.5 kW /m2

(d) 150-200 km

( xiii) Ocean Thermal Energy Conversion system to gene-

rate power is most suitable in

(b) 1.36kW/m2

(a) sub-tropical region.

(c) 3.64 kW /m 2

( b ) tropical region.

(d) 10kW/m2

( c ) cole region.
( d) moderate climate region.
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(}roup A
1~

(a) What

different non-conventional energy·
8ystems ? Give only the names of each of them ?What
are the prospects of non-conventional energy in
India?
3+3
are

( b ) For a wind turbine power station at an atmospheric
temperature of 20oC and at atmospheric pressure if
the wind velocity is IS m/s, calculate (i) total
power density in wind stream, and {ii ) maximum
obtainable power density. Given: Air density = 1·226
kg/m 3 •

14
(Tum Over)
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2.

(a ) Explain the simple digester system used for biocoriversion, with a neat sketch.
8
. (b) Write the composition and calorific value of biogas.

8

(c) What are instruments used for measurement of
4
solar energy?
3.

4

(a ) State the difference between 'nuclear fusion' and
. 'nuclear fission'. Explain how energy is liberated
from a nuclear fusion reaction.
5

(b) What are the basic components of wind energy
conversion system? Explain with a neat diagran1.
10

· ( b ) Draw a sketch of laser inertial fusion reactor.
Explain its working principle.
7

(a ) Explain th~ principle of Wind Energy Conversion.

(c) Discuss the performance of wind machines in brief.
4.

(b) Discuss, in detail, the comparative cost considerations and economics of the following non-conventional! energy sources: Solar, biogas, wind, tidal and
geothermal.
14
7.

6

( c ) Why is nuclear fusion reaction being given high
priority in res each and development? What are the
basic problems with nuclear fusion and how are they
being attacked and overcome ?
8

(a ) Explain the basic components of solar collector and
its working principle.
6
( b ) Classify and explain different types of solar
collectors.
10
(c) What are the advantages of selective surfaces?

8.

4

(b) State the merits and demerits ofOTEC plants. Explain
the major problems that need to be solved.
6

GroupB

5.

(a ) Explain the principle of ocean thermal energy
conversion (OTEC). With a simple layout, explain the
working ofa closed cycle OTEC plant.
8

(a) Explain . the Hall. effect in MHD generator and

methods adopted to overcome the limitations.

(c) State the principle. of solar photovoltaic (PV) energy
conversion and the applications of solar PV systems. 6

6

(b) With a schematic layout, explain a typical open cycle

MHD plant for power generation.

( c l Explain the advantages of fuel cell power sources.
Draw a simple sketch of H 2 -02 fuel cell and explain
7
its working.

6.

(a) With a simple sketch, explain the working principle

of a thermionic converter.
S '09: 2AN :MC413(1503)
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7

6

9.

(A) Answer the following in one or two sentences: 7 x 2
(i)

List out !he different types of collectors used
in solar power station.

(ii)

Name three forms of energy conversion from
ocean.

(Continued)

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

S '09: 2AN :MC 413 (1503)

(

3

)

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020

(Tum Over)

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020

AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARANCHAL)

EMAIL: pcourses@hotmail.com Ph: (01332) 266328, 9412903929, 9897394020

(c) Discuss the advantages and disadvantages of both
6
horizontal and vertical axis wind mill.

2

(d) A wind generator witb a 8 m dia blade has a cut-in
(ii) Power available from digester.

windspeed of 5 m/ s at which velocity generates
1·5 kW of power. Determine the efficiency of wind
turbine generator set and horizontal force exerted by
the wind on the supporting mast. What is the effect
of doubling wind velocity to 10 m/s on power
generation and the horizontal force. Given: Qair =

Given data:
No. of cows
Retention period
Temperature for fermentation
Density of dry matter
Dry matter content/day/cow
Burner efficiency
Methane proportion in gas
Heat of combustion of CH4
Biogas per unit dry mass of
whole input
2.

10
20 days
30°C

1·2kg/m 3

50 kg/m 3
2kg
0·6

4.

0·7
28 MJ/m 3
STP

6

(a ) The basin area of a tidal'power plant is 3 ·0 x 10 6 m 2 .

The tidal range is 10m. Calculate the energy
generated in kWh.
6

at

( b ) Explain briefly the components of tidal power plant. 4

0·2m 3 /kg

( c ) Write short notes on (i ) solar pond, and ( ii ) solar
cooker.

(a ) Explain the construction details of a flat plate
4
collector.

4

(d) Calculate fill factor and cell efficiency, if a solar cell

( b ) What is the basic difference between active and
p<Lssive solar heating system?
4

of area 4 em 2 is irradiated with an intensity of
100W/m 2 . Given: Voc = 0·24V, Vmax = 0·14V,
fsc =-lOrnA, /max=- 6·5 rnA.
6

{c) Explain the method of solar thermal energy storage
using sensjble heat.
4

GroupB
(d) Define the following : (i) Declination, ( jj) Hour
angle, (iii) Tilt angle, ( iv) Angle of incidence.
8
3.

S.

(a ) What are the principles used for measurement of
wind speed'?
4
( b ) Develop an expression to find out the energy
available in wind.
4

5'08 : 2 AN: MC 413 (1503)

( 2 )

(a ) Describe the principle of working and the
constructional details of basic thermionic generator. 5
( b ) What are the various losses associated with the
operation of MHD generator?
5

,S'08: 2 AN: MC 413 (1503)
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(ii) How will the circuit be connected'?

(b) Describe. the construction and working of a three7
blade horizontal shaft wind turbine generator unit.

(iii) How will you test the circuit and its performance.

(c) List the different wind turbine plants situated in

(b) Discuss the follo~g with respect to a solar photo-

India. Describe in detail the main considerations in
selecting a site for wind energy forms.
7

3. (a)

W~th

voltaic system: ( i) \1 characteristics of a solar cell,
(il1 power of a solar panel, and ( iil1 efficiency of a
solar cell.
7

a simple layout and tidal cycle curves, explain
single basin tidal scheme.
7

single~effect

(c) Discuss the limitations of solar photovoltaic power
( b} With a schematic diagram, explain the working of

generation.

an oscillating hydraulic piston wave energy pumped
storag~ J>lant.
7

6.

to the penod: energy density arid energy conversion
plants.
6

(b) With a sch~matic layout, explain the working of a

open cycle MliD power plant.

4. (a) Discuss different solar energy conversion systems and
their related. applications.
7

(c) List different types of fuels that

7

6

can be used in the

7.

(a} With

a schematic diagram, explain the working of a

liquid dominated single flashed geothermal power
plant.
8

GroupB
S. (a)

7

fuel cells. What are the advantages and disadvantages
of fuel cell power plants?
6

(b) With a simple sketch, explain the paraboloidal dish

(c) Write a short note about solar pond.

(a) With a. schematic layout, explain the working of a

modified open cycle OTEC planL List its advantages
over the other plants.
7

( c J ·'Compare ocean waves and ocean tides with reference

collector and state its advantages over other types.

4

As~all househ~ld lighting system is powered ·from
a 8V storage battery having a 30A-h supply when
charged. The lighting is used for 4h each night at 3A.
Design a suitable photo voltaic power systems that will
charge the battery from an arrangement of SI solar
cells.
9

(b) List different types of geothermal power plants with

respect to geothermal energy available and conversion plants.
6
(c) Explain the current status and th~ problems involved

in the fusion energy conversion process.

6

(i) How will you arrange the cells'?
Me 413 (1503)
MC 413 (1503)

( 2 )
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( 3 )

(Tum Over)

8.

(a) Briefly discuss about various non-conventional energy

sources, different methods of extracting energy from
them, and the relative cost considerations and
economics.
10

(iv) Three classes of geothermal regions are--,
--and--.

(b) Write short notes on environmental aspects ofhame-

ssing different non-conventional energy resources.

5
( v) Power in the wave is proportional to the square

( c ) Briefly discuss the future developments expected in
the fusion energy conversion system.

of the --and to the--.

5

Groupe
9.

(iii) There are always periods without wind. Thus,
WECS must be linked to - - or - - systems
if supplies are to be maintained.

(A) Match the terms indicated in Group A with the terms

given in Group B (neglect extra term· given in
GroupB):
2x5

[Intrinsic, extrinsic, hyperthermal, actinometer,
semithermal, solarirneter, radiation meter, normal,
storage, amplitude, parallel generating, period of
motion, geothermal, silicon]

Group A
GroupE
(11 Bioch'etriic8.I " '(a) Photovolthlc power generation
(lil Solar cell
' (b)'Direct' energy Conversion system
(iiilMHD
(c) Kayathar, Tamil Nadu
(iv) Angstrong"s''· (d) Anaerobicdig~ster · ·
-equation
( v) Wind energy
( e )Chennai; Tamil Nadu .
power plants
(f) Global radiation
(g) Fuel cell :·
(B) Fill in the blanks from the given terms in the
· brackets [ ]~neglecting extra terms:
· :· 2 x 5

(i) The cOnllnOD in~fruments USOO for }Deasuring
solar radiation are - - and - - .

n type -.-. material ~e higher
.. -.-, basic
electrical conductivity th~ the .material.

(ii) Both p and

MC 413 (1503)
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( b ) Compare vertical axis wind turbine with horizontal
6
axis turbine.

(b) Derive the expression for power and efficiency of
thermionic generator.
6

(c) A propeller wind turbine runs at 40 rpm. Calculate

(c) Write notes on ( i) Selection of thermoelectric

( i) total power density in wind stream, ( ii) maximum

materials, {Ii) Figure of merit of thermoelectric

obtainable power density and actual power density
(take efficiency 35%), and (Iii") total power produced
and torque at maximum efficiency. Turbine diameter

g~~~or.

6. (a) What are the advantages of coal-fired magnetohydrodynamics (1'v1HD) generator compared to
conventional steam power plant.
6

120m, wind velocity 15m/ s, air density 1·226 kg!m 3 . 6

3.

8

(a) What arc the limitations of single-pool tidal system'?

(b) Give a scheme of closed loop MHD generator with

How arc these overcome in modulated single-pool
8
tidal system and two-pool tidal system'?

details of its operational steps and operational
problem.
8

(b) A single basin tidal power plant has a basin area

(c) Calculate the open circuit voltage and maximum

30 x 106 m 2 • The tide has a range 12m. The turbme
can work with head of 3m. Estimate the total power
generated in one filling empting cycle. Efficiency of
turbine generator is 73%.
6

power output for the following 1'v1HD generator. Plate
area = 0·25 m 2 , Distance between plates = 0·50m,
Magnetic flux density = 2 Wb/m 2 , Average gas
velocity= 103 m/s, Gas conductivity= 10 mho/m.

6

(c) Write notes on materials used in latent heat storage

6

system.
4.

7.

(a) Give a classification of small hydropower plant. What

are various types of hydraulic machines which can
be used to exploit hydrocnergy at small level?
8

(a ) Discuss the theory and working principle of ocean

thermal energy conversion (OTEC) system. Also, list
the various plants based upon it.
8

(b) Compare small hydroproject power generation

with conventional hydropower project.

6

(b) Explain open cycle OTEC plant with the help of
(c) Write a short note on the benefits of cogeneration

6

flow diagram and T -s diagram.

system.

6

(c) Write notes on ( i) Solar refrigeration, ( ii) Limitation

of uses of solar water heating system.

8.

6

(a ) Compare fission reaction with fusion reaction,

6

highlighting the environmental aspects.
GroupB
5.

( b ) How energy audit lead to energy conservation?

(a ) What arc solar collectors? Compare different

(c) Write notes on (i) Stand· alone, and (ii) Hybrid
system of solar, SHP, wind engery.
8

types of solar collectors on the basis of construction
and application.
6
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NON-CONVENTIONAL ENERGY SYSTEMS

Time : Three hours

Maximum marks : I 00
Answer

HVE

ANY TWO

questions, taking ANY TWO from Group A,
from Group B and All from Group C.

AU parts of a question (a, b, etc) should be
answered at one place.
Answer should be briefand to-the-point and be supplemented with neat sketches. Unnecessary long answers
may result in Joss ofmarks.
Any missing data or wrong data may be assumed suitably
giving proper justification.
Figures on the right-hand side margin indicate fuU marks.
Group A
1. (a J Describe the factors that affect bio digestion.

5

(b) A propeller type wind turbine having blade diameter

of 60 m is in operation at a speed of 175 rpm with
a wind velocity of 25m/ s the atmospheric air temperature being 30 °C. Calculate the total power density
in the wind, maximum obtainable power density and
av.erage total power at normal conditions with an
efficiency of 30%.
5
(c) What are the various methods of tidal energy genera-

~

tion? Explain in detail.
(d) Define Solar constant and also di. ·erentiate between

beam and diffuse radiation.

2.

5

(a) Explain about yaw, pitch and teething control in a

horizontal wind generator with neat sketches.

5
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