BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

It SEMESTER 2012-2013
COMPREHENSIVE EXAMINATION (Closed book)

Year : III-MECHANICAL | Date: 03.06.2013 (AN)
Course No.: ME C314 Course Title : POWER PLANT ENGINEERING
Duration : 3 hrs Marks: 80 Weightage : 40 %

Notes: (i} answer all the guestions (ii) Draw neat skefches wherever necessary

(it} Make suitable assumptions if required and clearly state them (iv) Steam table will be provided

Q.1 A power station has the following loads:

Residential lighting | Commercial Load Industrial

load Load
Maximum demand (kW) 1200 2400 6000
Load factor 0.21 0.32 0.82
Diversity between 1.32 1.2 1.22
customers

Assume overall diversity factor may be taken as 1.42

Determine the foliowing

i) Overall maximum demand on system

i) Overall daily energy consumption (total)

i) Overall load factor

iv) Connected load (total) assuming that demand factor for each load is unity
[6 M]

Q.2 A steam power plant equipped with regenerative as well as reheat arrangement
is supplied with steam to the H.P turbine at 80 bar 470°C as shown in Fig.1. For
feed heating, a part of steam is extracted at 7 bar and remainder of the steam is
reheated at 350°C in a reheater and then expanded in L.P. turbine down to 0.035

bar.
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Determine

Q.3

Q.4

Fig.1

(i) Amount of steam bled-off for feed heating (i) Amount of steam supplied to
L.P turbine (iii) Heat supplied in the boiler and reheater (iv) Cycle efficiency
(v) Power developed by the steam [10 M]

In a single stage impulse turbine the mean diameter of the blade ring is 1 metre
and the rotational speed is 3000 r.p.m. The steam is issued from the nozzle at
300 m/s and nozzle angle is 20°. The blades are equiangular. If the friction loss
in the blade channel is 19% of the kinetic energy corresponding to the relative
velocity at the inlet to the blades, what is the power developed in the blading
when the axial thrust on the blades is 98N? [8 M]

In a boiler trial, the analysis of the coal used is as follows: C=20%, H,=4.5 %,
0, = 7.5 % remainder incombustible matter:

The dry fiue gas has the following composition by volume CO,=8.5%, CO=1.2
%, N2 = 80.3 %, 02 =10%,

Determine: (a) the mass of theoretical air supplied per kg of coal.

(b) Mass of flue gas per kg of fuel (c) the percentage excess air [09M]
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Q.5

Q.6.

Q.7

A power plant is proposed on a river where the available average flow is 70 m3/
sec and head is 15 m. The Kaplan turbine has to run at constant speed of 200
r.p.m. The efficiency of the turbine is 50%. The best specific speed of the runner
at the site is 340.

Diameter of runner in 143 151 158.5 165 172.5
cm
Unit Power (kW) 66.7 74 82.5 87 92
Unit Speed (RPM) 53 51 48.5 454 42.5
Find a) Total power available at site

b) Power output per turbine,

b) Number of turbines required

¢) The unit power and unit speed

¢) The diameter of the runner selected from the above data by

interpolation. [07 Mj

A single cylinder oil engine working on four stroke cycle has bore 11 cm and
stroke 13 cm and runs at 800 rev/min. The mean effective pressure is 7 bar. It
uses 1.17 kg of oil per hour having a Calorific Value of 44520 kdJ. The cylinder
jacket cooling water enters at a temperature of 18°C and leaves at 60°C. The
quantity of water being circulated 95 kg per hour. The effective radius of brake
wheel is 43.5 cm. The net load on the brake is 110 Newton.

Calculate IP, BP, FP, Indicated and brake thermal efficiencies and mechanical
efficiency. Draw up percentage heat balance sheet assuming that 6% of the heat

supply is lost by radiation. Take specific heat of water = 4.187 kd/kg K [09 M]

In a boiler trial the following data were obtained:

Coal consumption = 500 kg
Gross calorific value of coal = 33600 kJ
Moisture content of coal = 2% by mass
Temperature of flue gases = 305°C
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Q.8

Q.9

The mean specific heat of dry gases = 1.0 kd/kg K

The mean specific heat of steam =2.1 kdkg K
The boiler room temperature = 16°C

Dry saturated steam pressure from boiler =11 bar
Feed water temperature to boiler = 80°C

Dry steam produced per hour = 4700 kg
Atmospheric pressure =1 bar

The analysis of fuel used is as follows:

Carbon = 85 %, Hydrogen = 5 % and Ash = 10 %

The analysis of dry gases by volume was as follows:

C0O>=9.5%,0,=10% and N> =80.5 %

Make a complete heat balance sheet for the trial, based on the gross calorific

value of 1 kg of dry coal. [10 M]

A gas turbine unit has a pressure ratio of 6: 1 and maximum cycle temperature of
610°C. The isentropic efficiencies of the compressor and turbine are 0.80 and
0.82 respectively. Calculate the power output in kilowatts of an electric generator
geared to the turbine when the air enters the compressor at 15°C at the rate of

16 kg/s.

Take C, = 1.005 kJ/kg K and y = 1.4 for the compression process, and take
Cp=1.11kJ/kg Kand y = 1.333 for the expansion process. [08M]

(a) Give the energy flow diagram (Sankey diagram) of a combined cycle power
plant. [03M]

(b) Briefly explain the operation of a spreader stoker with the help of a neat
sketch. [05M]

(c) Briefly explain about liquid metal fast breeder reactor (LMFBR) with the help
of a neat sketch 105M]
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

Il SEMESTER 2012-2013
COMPREHENSIVE EXAMINATION (Closed book)
Year : II-MECHANICAL | Date: 03.06.2013 (AN)
Course No.: ME C314 Course Title : POWER PLANT ENGINEERING
Duration : 3 hrs Marks: 80 Weightage :40 %
ANSWERS

Q.1 A power station has the following loads:

Residential lighting | Commercial Load Industrial

load Load
Maximum demand (kW) 1200 2400 6000
Load factor 0.21 0.32 0.82
Diversity between 1.32 1.2 1.22
customers

Assume overall diversity factor may be taken as 1.42
Determine the following
i} Overall maximum demand on system
ii) Overall daily energy consumption (total)
iii) Overall load factor
iv) Connected load (total) assuming that demand factor for each load is unity

Solution. it Maximum demand on system s [6M]
Sum of individual maimum demands
Actuad maximum demand of the group
fipe L0 B400+ 6000

T Maximinm demand on system

1900+ 2450 + 600
S
=BTEES KW, &

Gronp divessity factor =

i, Myrimum demand oo gistem =

)
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{ii} Daily energy ¢onsumption :

ﬁv&r&g& demand

AXirum demand

ar  Average demand = Mmm&m demand « load factor
- | 21200 % 0.21 + 2400 x 0.32 + 6000 x 0.82

= 5940 kW .
Diily energy consumption = 5940 x 24 = 142560 kWh. {Ans.}
(it} Overall Yoad factor: "

__Awerage demand
"~ Maximum demand

222 _.878. (Ans)

Load factor S

Owerall oad Tactar

~ B7605

Q.2 A steam power plant equipped with regenerative as well as reheat arrangement
is supplied with steam to the H.P turbine at 80 bar 470°C as shown in Fig.1. For
feed heating, a part of steam is extracted at 7 bar and remainder of the steam is
reheated at 350°C in a reheater and then expanded in L.P. turbine down to 0.035

bar.

Superheatsr

| 80bar,  Fehsater :
FATOE el apiaty 3 supply
N . 3 kg ; e T ] ey

'.,_;_a;:*i-m}r'ﬂg + & _ l 1 [

F
HE

s Aikarifijate:r '
. b 0:035 bar

4 kg i {1 ~m§ kg

26

7 bar .| condenser

il

{__ §k§

Hegeneratcr

Fig.1
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Determine

or

or:
or

Tatal amouit of heat supplied by the hoilerand reheater per kg of steam genera

(i) Amount of steam bled-off for feed heating (i) Amount of steam supplied to
L.P turbine (iii) Heat supplied in the boiler and reheater (iv) Cycle efficiency
(v) Power developed by the steam [10 M}
Solution . n s ry e _

From hes ¢hart and steam tables, we haveenthal?ies at different points as fol

hy = 3315 'kJ/E«:‘gf;_ hy = 2716 kl/kg From k-s chart
by = 3165 kdfkg ; jh.‘i_zgzgggkmf(g_ 'rom hes chart
hy=hy =69 1kIkg; b=y =1019KIkg] From steam table

(i) Amaun‘ﬁ of'st*eam 5bied ﬁff 'fer fee& 'heating""
Heaﬁ k}st by steam = Heat gamed by watgr
m(k hfg) (’3. m) ( - hﬁ) |
m(2716 697 1) (1 m} (697 1 111 9}
20189 m = 585.2(1 - m)
: m = 0.225 g of steam supplied
Hence amount of steam bled off is 22.5% of steam generated by the boil

(i) Amount of steam supplied to L.P. turbine :
Amoutit-of steam supplied to L. turbine

= 77.5% of the steam generated by the bo
(iii) Heat supplied in the boilerand reheater

Heat supplied iri the boiler per kg of steam. generated
=hy h .= 33156971 = 28},79§;Jﬂig (An

Heat supplied in the reheater perkg of steam geﬁerated;
=(1-m){hy = Iy}
=(1=0.225)(3165 - 2716) = 847.97 kl/kg,

@, =2617.9+ 347 97 = 2965.87 ki/kg
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E iﬁﬁ Efﬁ»ﬂien{:YE tlgggig | | '
qnt of work done by per kg of steam generated by the boiler,

W=l ~hy) (1 -m)lhy- ~h,}, Negleeting pump work
= (3315 - 2716+ (1~ 0.925) 13165 - 2236) = 1319 kJkg

W_ 11 o o 44T (Ans)

Terde ™ 5 906587

Power devempeﬁ by the system :

or éﬂarelﬂped by the system
| 50% 1339
=m x W= 0= 1318 klfs= - T

Q.3 In a single stage impulse turbine the mean diameter of the blade ring is 1 metre
and the rotational speed is 3000 r.p.m. The steam is issued from the nozzle at
300 m/s and nozzle angle is 20°. The blades are equiangular. If the friction loss
in the blade channel is 19% of the kinetic energy corresponding to the relative

velocity at the inlet to the blades, what is the power developed in the blading

when the axial thrust on the blades is 98N? 18 M]
Solution
Rlution, Mean diameter of the Hadeyieg, I =11 .
ol o the tuehine, W= rpm
gmm Wimizg of stean tssuizg from the mnazle, Oy = 31’%3 il
ﬁﬁzﬂéa sﬁgﬁgszm& equiangular, # ;-;..-;gs-
Trivtion foss Tn the blade dhanr :Iﬁ% - ”
ie, g, =01-018 ¢, =081 G,
m % 5

il thrast on the blades
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power developed, P+
‘ DN _ #x1x8080 _ . pm g e

plade speed, Cu= o5 6
Also: 8=6 {given)
Now, velocity diagram is drawn to a suitable scale as’ shown in Fig. 19.24.
: & Cy = 1571 mlg—s—imr—pp
P -
| o !
v i
; ;' C” G ' 0’0{’. G
C“? RS ¢!
[ A, i
I ; Pk 4 i
) [ .
i N
=
5
Fig.19.24

By measurerient {from diagram) ;.

C,, = 2835 m/; Gy, =54 mh

65‘ = 81 m/fs.
Axial thrust = rmsﬁcfﬁ"“cfa}

PR TE L o < G
Power developed, P= 2 [ “”1 T B Cy (* > 90
. 5025 @895 -50X150L _ 11 k. (ans)

Q.4 In a boiler trial, the analysis of the coal used is as follows: C= 20 %, Hy = 4.5 %,
0, = 7.5 % remainder incombustible matter:
The dry flue gas has the following composition by volume CO,;=8.5%,CO=1.2
%, N2 = 80.3 %, 02 =10%,
Determine: (a) the mass of theoretical air supplied per kg of coal.
(b) Mass of flue gas per kg of fuel (c) the percentage excess air [09M]
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Solution,

Constituent

(@)

‘Mass per kg of fuel

0; reqd. per kg of
constituent (&)

Oz reqd. per kg fuel
©

8.20
0.045
0075 -
0.68

By L

0.533
0.36
-~ 0075

3C=0818

Oxygen reqd. per kg cf fuel
- Minimum mass of air reqd./kg of fusel,

~ 0818 ks

{} 818 % IQG

T = 3.56 kg

_ - Tni order to find oiit the mass of flue.gas per kg of fuel let us convert the analysis by volume of
flue 6&5&5 ter aﬂaiysm by miass by the: tabular method.

Yol ;:s_e_rm of

: :Nﬁ;mf& of gas
R flue gas (@)

:  Molecular mass

{b)

| f’m_pefﬁanal |
mass {¢)= @ x (b}

§§353 'p‘er k“ﬁ ﬂue

P
0.012
0.803
0100

. COy
o
M
02

i
0.336
22484
3,200

28
28
32

0= 2‘9 '?6

Amount of carbon per kg of flue'gas

:-am{mn-t-ef carb'on in0.1256 kg of CO; +ameuntof carbon in 0:01 12 kg of CO

——xD 1256 += X00112 0039 kg

il 7

We aredlso given that the amount of carbon per kg of fuel=02kg

Mass of flue gas:per kgof fuel, = 0 2

Mass of excessorygen per KT of e gas = 0.

lpudng forenbeme *ﬂﬁ;i’éﬂ%i pneide)

[
Miass of sxoess O perkgof fuiel

- Wss 6F excess air per kg of fuel

Perceinage BX0EsS 237
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Q.5 A power plant is proposed on a river where the available average flow is 70 m*/
sec and head is 15 m. The Kaplan turbine has to run at constant speed of 200
r.p.m. The efficiency of the turbine is 50%. The best specific speed of the runner
at the site is 340.

Diameter of 143 151 158.5 165 172.5
funnerincm
Unit Power (kW) 66.7 74 82.5 87 92
Unit Speed (RPM) 53 51 48.5 45.4 42.5
Find a) Total power available at site  b) Power output per turbine [07 M]
Solution. The given data is s follows.
0 =70 m¥%see, H= 15 m, N=200 tpm,, N, =340, n = 90%.
{a) The type of the runner i3 Kaplan as the specific speed is 340,
(h) The total power available 2t the site-is given by
~ wQH
Pz
oo "
_.__1_'0'095% 981 x T0x 15 ... i
e H}G{}' % 0.9 = 9270 kW
The power oufput per turbing is-given by
M= WP
(0
200P
=
(15) 1.5
HMOx295 .
VP =it
200 0
P 2500 kW
& Nuber of turbing Units required = -~5-a§- =37=4
" {¢) The unit power and unit speed are given by,
I I
o sy
N 2000 200
= 517 -2
N7 AT L
Forunit power of 86:2 dird unit spesd of 51.7, the: reqmred diameter can Be caicul&ted by interiofalion
from the gwen data a5
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Q.6. A single cylinder oil engine working on four stroke cycle has bore 11 ¢m and
stroke 13 cm and runs at 600 rev/min. The mean effective pressure is 7 bar. It
uses 1.17 kg of oil per hour having a Calorific Value of 44520 kJ. The cylinder
jacket cooling water enters at a temperature of 18°C and leaves at 60°C. The
quantity of water being circulated 95 kg per hour. The effective radius of brake
wheel is 43.5 cm. The net load on the brake is 110 Newton.

Calculate IP, BP, FP, Indicated and brake thermal efficiencies and mechanical
efficiency. Draw up percentage heat balance sheet assuming that 6% of the heat
supply is lost by radiation. Take specific heat of water = 4.187 kd/kg K [09 M]
Selution: pa=7her awd L=idem=0l3m

=5l em  and =T =08 e = %}E%ﬁm
D=tlem  and 4211} .

N
N =S rav i 4 ”*“"Eﬁﬁﬁ» =
00 = 300 o k!

M ’é‘:ﬂﬂ*’ ﬁéﬁ‘ﬂ}u £

ip=432kW
N{}w effcz:me radius of the brake wheel
| 5 |
R—%+§ 425+1=43.5 em=0435m
{(F=SYRXN 119x@435>< 2 X600 41
bp == = IkW Ans.
P="60 0xi000 oKW Ans
fp=ip-bp=4.32-3.0=132kW
Heat supplid i fue per minute. = -7 X420 _ g 1
Indicated thermal efficiency = ipx 60 :
' _ {Heat suppl lied in fuel/ mmute)
4 32 %60
e 5 3 X 100 = 29.836%
. __ _bpXx 60 e
Brake thermal efficienc; = T S |
meHmALEIlcinky (Heai supphed in fuel /mintite) * 10
3Ix60
= %5 ®100=20T7% AnS,
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Mechanical efficiency =2y zoa~z%x190 69.4% Ans.
1p
Heat in bp per minute =3 % 60=180 kI/min
Percentage of heat in bp *éi—gx 100=207%
' | Heat rejected to cooling water per minuté :m (60 ~ 18) x:4.187 =278.4 k]
P 3 2184
ercan;a ¢ of heat rejected to cooling water = 268 x100=32.1%
Heat lost by radiation (given) = 6%
Total heat aceounted for ' =207 #32.1 + 6.0 =58.8%

 Heat Jost to exhaust gases and other unaccounted for (by difference)
=100~588=412%
The heat balance sheet may now be drawn as follows :

.. Jeat Balance Shiett
o Partmuim - Percentage
1 Heat infuel supplied T 100%
i;i_s:a{ eqawatent tobp : 207
Heat rejected to ceoiarw water _ 32,1
Heat lost by radition (mven) | 6.0
Heat lost to exhaust gases and other 1 41.2
anaccounted for (by diffemnce) '
Motal o R 100%
Q.7 In a boiler trial the following data were obtained:
Coal consumption = 500 kg
Gross calorific value of coal = 33600 kJ
Moisture content of coal = 2% by mass
Temperature of flue gases = 305°C
The mean specific heat of dry gases = 1.0 kd/kg K
The mean specific heat of steam = 2.1 kdkg K
The boiler room temperature = 16°C
Dry saturated steam pressure from boiler =11 bar
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Feed water temperature to boiler

Dry steam produced per hour

Atmospheric pressure

The analysis of fuel used is as follows:
Carbon = 85 %, Hydrogen = 5 % and Ash = 10 %
The analysis of dry gases by volume was as follows:

002“95%,02

10 % and Ny =

80.5 %

= 80°C
= 4700 kg
=1 bar

Make a complete heat balance sheet for the trial, based on the gross calorific

value of 1 kg of dry coal. [0 M]
e R
Solution. Total heat of 1 kg of steam produced = 2782 K
Total heat of 1 kg of feed water =336 K
2782 = 336) % 4700
Heat given to steamper kg of dry coal = k¢ 00098 =23460 k.
DryFIueGas B o
" Name ;i;zf}gzzié \'gﬁmme*' per Mskeeuiar miass | ?rqga'rﬁtiﬂn_a! (&
| 1 100-cu m flue-gas )] mass (@x b}
COs 9.5 4 418 exZanid
) 4
67 10.0 32 320
N2 80.5 28 | .2250 ______
10000 2938
—- - 2933 )
Mass of dry flue gas =4 e S} 85=22. 3 kg/kg of coal
Mass of vapour =05 0= 045 -kg/ kg dry coal
0.02 -
Mass of moisture fired = -{-}fé’- = E} 62{14 kg/kg of dry coal

Total miss of vapour in flue gases

Heat carried dway by vapour

Heat carfied away by dry flue gases

Page | LU

= 04704 ke/kg of dry coal

= Mg Ul + Cp (fs - I} ti‘]
= 04704 [2680 + 2.1 (305 =99 6) 16 %4.187}

= 1432.%],

B Gy 1) = 223 X L0 (305 - 16) = 6445




21 :.|Lﬂ1:mu.§l’i§i§‘_ﬂ_§:§;ﬁ‘§4€i
i ﬁeatﬁamwsmﬁge;igswr}‘tﬁai |
| Rotwplid [ G | Harepedtuen |
Gm@f;;;ixggéfg j_;g gi * |Heat supplied én,géamsé’mam = 23460 _ﬁgm |
Mgt k) ] Heat carried by flue gases | = 645 1?3&% ;
LT e T {Heat lostin vaporating and superheating vapour '
| = M3 | 426% |
| |Heatusaccounted for = 2263 0
_T““"‘E *'” R N RS E{%ﬁ__
Q8 A g%f@ﬁiﬁrﬂ@ &ﬁt?ﬁas"rdhprreesuxe ratio of 6: 1 and maximum cycle tempara‘tu'r'e

610°C. The isentropic efficiencies of the compressor and turbine are 0.80 and
0.82 respectively. Calculate the power output in kilowatts of an electric generator

geared to the turbine when the air enters the compressor at 15°C at the rate of

16 ka/s.

Take C, = 1.005 kJ/kg K and y = 1.4 for the compression process, and take
Cp = 1.11 kJ/kg K and y = 1.333 for the expansion process. [08M]

Solution. Given : Ty =15 + 273 =283 K ; T3 =610 + 273 =883 K;

:s= i:s'
1l
o

Meompressor = 0-80 ¢ Myuine = 0.82 ; Air flow rate = 16 ke/s
For compression process ¢, = 1005 kil K v=14
For expansion process . e, =111 Bl K v= 1333
4 TIK)

T, = 610 + 273
= 863 K

883
o /|

Senerator

1k ¥ 4

288
T,=15+273
=88 K

() {b)
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=t 14-1

For an isentropic process, = —= ziffg} " —(g) 14 —187
L ;m
T,= 285 x 167 = 431 K
T Ty
Also, Meompressor = 77— 7
L2 TA4L
08 = 4831 - 288
7= 281-288  9s5-5mK
: 08
T, | "’—;3 ( =1 gsssa
Similarty for the turbine, 2= pg} Dz ) =(g) 1388 = 1565
Ty t}% {, 151
. 7 T 583
= Fg. _— —_— "'—— =
1565 1565

Also, Nouwrtine = T, - T, 883 - 564
883 - T’
- 0.82 = gg3 _ 564
T, = 883 — 0.82 (883 — 564) = 6214 K
Hence,

Compressor work input, ressor = Fp Ly — T3
= 1.005 (529 — 288) = 242.2 kifkg
Turhine work output, Wobine = % T,—-TH

=111 {883 — 621.4) = 2804 kd/kg.

s Net weork output, W = W
= 5_%933‘4 942 9 = 48, g kdikg
Power in kilowsits =487 x 16 = 771.2 kW, {Ans)
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Q.9 (a) Give the energy flow diagram (Sankey diagram) of a combined cycle power
plant. [03M]

28 3%
Fig. 3 18 Energy flow zhagram af the m;bmati s:ycl& piam: w;ti; GT an&

ST together ec_pmferﬁmg 45% of the: input energy’ {Q,} into
electricity

(b) Briefly explain the operation of a spreader stoker with the help of a neat
sketch. [05M]

Refer Class Notes-Theory

(c) Briefly explain about liquid metal fast breeder reactor (LMFBR) with the help
of a neat sketch [05M]

Refer Class Notes-Theory
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

il SEMESTER 2012-2013
Test No.2 (Open Book)

Year : III-MECHANICAL Date : 28.04.2013
Course No. : ME C 314 Course Title ; POWER PLANT ENGINEERING
Duration : 50Min Marks: 40 Weightage :20 %

Q.1 A fuel (CyoH2z) is burnt using an air fuel ratio 13:1 by weight. Assuming that the
whole amount of hydrogen burns to form water vapour and there is neither any
free oxygen nor any free carbon.

Air contains 77 % of nitrogen and 23 % of oxygen by weight. Determine
a) Theoretical weight of air required for complete combustion
b} Deficiency of air-fuel ratio

c) Percentage composition of flue gases from weight analysis to volumetric
analysis [16 M]

Q.2 The following data relate to a boiler test:
i. Coal used per hour 6750 kg having moisture content of 2 %
ii. Mass of steam generated 60500 kg per hour, dry saturated at 16.5 bar
iii.  Gross calorific value of fuel = 35490 kJ/kg
iv.  Ultimate mass analysis of dry coal being C=84%, H, = 4 % and ash =8 %
v.  Dry flue gas analysis by volume, CO; = 9.5%, O,=10.48 % and
N, = 80.02 %.
vi. Temperature of flue gas = 305°C
vii.  Ambient temperature 32°C
vii.  Specific heat of flue gas 1.0 kJ/kg- °C
ix. Partial pressure of dry steam going with flue gas = 1bar
X.  Specific heat of super heat steam due to moisture in flue gas 2 kJ/kg- °c
Draw up a heat balance sheet per kg of dry coal, given that air contains 23

percent by mass of O, [18 M]
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Q.3

The following data are provided for two boilers:

Steam pressure in bar

Quality of Steam

Rate of evaporation

Boiler A

10 bar

0.91

8.5 kg / kg of coal

Boiler B

16 bar

Superheated to 275°C

6.95 kg / kg of coal

Both the boilers are supplied with feed water at 30°C. Select the boiler which has higher

rate of heat utilization per kg of coal fired. Take Specific heat of superheated steam

C, = 2.184 kJ/kg- °C

[6 M]
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

Il SEMESTER 2012-2013
Test No.2 (Open Book)

Year : HI-MECHANICAL Date : 28.04.2013

Course No.: ME C 314 Course Title : POWER PLANT ENGINEERING

Duration : 50Min Marks: 40 Weightage :20 %
ANSWER [KEY]

Q.1 A fuel (C1oH22) is burnt using an air fuel ratio 13:1 by weight. Assuming that the
whole amount of hydrogen burns to form water vapour and there is neither any
free oxygen nor any free carbon.

Air contains 77 % of nitrogen and 23 % of oxygen by weight. Determine

a) Theoretical weight of air required for complete combustion
b) Deficiency of air-fuel ratio
c) Percentage composition of flue gases from weight analysis to volumetric

analysis [16 M]
Solution
Holuifen. Combustion egustion is
20,y + 810, = 2000, + 223L,0
P+ 8l B8 20 xdd » 22 x 18
ar 284 + 992 = B8O + 398
& dir reguired for complete combusiion
PR A0G _
BT 16.2 kg'kg of fuel
Alr actandly suppliod = 18 kg of fuel
o Deficiancy of aiy = 152 - 19 = 2.2 kp'ky of fuel

Also 1 kg of C requires gx iéﬂt_% = 5.8 kg of Joss air to burn to OO0 instead of GO,

Henee % = 0,378 ke © &g barnt to CO ;
12210
and { Yy } — 0579 = 0.488 kg of C I8 burnt {s 5O,
Y 142 ¥
Waight of CQ, frmed = D486 x %}—‘ = 108 kg
Weight of 0O formed = 0.370 x ;E = 0,884 kg
page | 1 Waight of H,0 formed = (1 4.2] % B=1304 ky

Waight of N, from air = 18 % (.77 = 10.0% ke.




The percentage composition of products of tombustion

Prudueta of - Weight Moleeular Proporiional Pereenitsgs
corburlivg % nedght vodatme ’
e ¥ L
¥ o= ; = » 100
a0, 1768 44 Q.0388 TH78 per cont - (Ans)
58] D884 28 G818 GZbdpereont (Ans)
B0 1354 18 G877 15517 per cent  (Ansd
N, 1001 28 0,357 70350 pergent (Ansd
) o =0.0063 '

Q.2 The following data relate to a boiler test:

i.
ii.
iii.
iv.

V.

Vi.
Vi,
viil.
iX.

X.

N2 = 80.02 %.

Temperature of flue gas = 305°C
Ambient temperature 32°C
Specific heat of flue gas 1.0 kJ/kg-°C

Gross calorific value of fuel = 35490 kJ/kg

Partial pressure of dry steam going with flue gas = 1bar

Coal used per hour 6750 kg having moisture content of 2 %
Mass of steam generated 60500 kg per hour, dry saturated at 16.5 bar

Ultimate mass analysis of dry coal being C=84%, H> =4 % and ash =8 %
Dry flue gas analysis by volume, CO, = 9.5%, O>= 10.48 % and

Specific heat of super heat steam due to moisture in flue gas 2 kJd/kg- °Cc

Draw up a heat balance sheet per kg of dry coal, given that air contains 23

percent by mass of O, [18 M
Solution
Name of gas Volume per Molecular mass Préportional mass C
100 cu m of flue gas @ {a)x(d)
{a) '
CO;, 9.5 44 418 a18x 22,
02 10.48 32 335 Lo —c :
7 Ck o~ W
N 80.02 28 2240 o dL -3l
100.00 2993 e < Mooyt
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_ 2993

Dry flue gas per kg of dr
f dry coal
BTV 0.84 =22 kg
Mass of vapeur 0.02
. =004 x99+ ——
( ) 0.98 ,
: =0.36 + 0.0204 = 0.3304 kg/kg of
: g/kg of dry coal
Total mass of wet gases =22.3804 kg/kg of dry coal : o
Ma . '
ss of air supplied =22.3804 ~ (fuel + moisture — ash)
=22.3804 - (1+0.0204 - 0.08)
=21.44 kg/kg dry coal.

Air required for correct combustion

3
0.84 X == 14+ (0.04 % §) — 0, 1 _
H J ) —-0.04 0231 109 kg.

Excess air =21,44 - 10.9 = 10.54 kg/kg dry coal.

Mass of dry gas from combustion with correct air
=22-1054=11 46 klg/kg dry coal.

Heat carried away by correct dry gases
=1.0% 1149 x (305 - 32) = 1.0x11.49%273
= 3136 kl/kg of dry coal. :

Heat carried away by excess ait = 1.0X 10.54 x (305 —32) = 2877 kJ/kg of dry coal.

Heat carried away by the vapour
My [hf’f"' hfg + Cp (f,y - fsg;) ™ hj’,] = MV [h + Cp (ts - tsat) - hfl]
=0.3804 [2675 + 2.0 (305 ~ 99.6) — 133]
= 1123 kI/kg of coal |
, o 60500 (2797 - 133)
Heat in steam above, 32°C= 6750 % 0.08
= 24365 kI/kg of dry coal.
: ‘ 60300 (47 - 32) X 4.187
Heat in feed water | = 5750 % 0:08

60500 x 15 x 4.187
=% 008 573.62 k)/kg of dry coal

Page ] 3




IIeat Balance Sheet per kg of Dry Coal 32°C Datum.

Heat supplied k¥ Percentage Heat expenditure k] Percentage
Gross heat of kg of dry coal 98.40  |Heat utilised in steam formation . 67.61
= 35490 = 24363 _
Heat in feed water = 573.6 1.60 Heat carried away by correct dry ggfés 8,70
= 3
Heat carried away by excess air | 7.98
= 2877
Heat carried away by the vapour 3.12
= 1123
Heat lost due to radiation etc. 12.59
= 4335.6
Total : 36063.6 100 | Tatal : 36063.6 - 100

Q.3 The following data are provided for two boilers:

Steam pressure in bar Quality of Steam Rate of evaporation
Boiler A 10 bar 0.91 8.5 kg / kg of coal
Boiler B 16 bar Superheated to 275°C 6.95 kg / kg of coal

Both the boilers are supplied with feed water at 30°C. Select the boiler which has higher
rate of heat utilization per kg of coal fired. Take Specific heat of superheated steam
Cp = 2.184 kJ/kg- °C [6 M]

Solution:

el o 01 Abe. ot \obbx
hy = F62-6-€ 2R Exo0 Tl
= 284S L—://&y
Eutnelpy o) shiam at 16 bav o s
L\& QM7 2184 (215 — robh)
= 15X WX /15

. C
Page | 4 \\\w Obg;g,@@}fmgA QDJ écu %o\:/&u a)

\\ \ (Lsqs~ug3d¥x 85
MM ks

11568
1y SY
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

Il SEMESTER 2012-2013
Test No.1 {Closed Book)

Year : I-MECHANICAL | Date : 10.03.2013
Course No.: ME C 314 Course Title : POWER PLANT ENGINEERING
Duration : 50Min Marks: 25 Weightage :25%

Notes: (i) answer all the questions (i) Draw neat skefches wherever necessary
(iii) Make suitable assumptions if required and clearly state them (iv} Steam table will be provided

{v) Graph sheet is printed in 3 page for plot the load curve.

In a single heater regenerative cycle the dry and saturated steam is supplied to turbine at
32 bar and condenser pressure is 0.05 bar as shown in Figure.1. The steam bled from the
turbine at 2.8 bar and mixed with direct contact type feed water heater. Neglect the pump
work. Find (i) the quantity of steam bleed (i) Work done by the Turbine in kJ/kg

(i) Rankine cycle efficiency with regeneration and without regeneration

If the power plant capacity is 500 kW (iv) find mass flow rate of steam in kg/s (v) mass flow

rate of cooling water circulation in the condenser if the rise in temperature is limited to (AT)

5°C. Assume specific heat of water 4.2 kJd/kg-k [12 M]
32 Gar

“CONDENSER

= |o05bar

Page | 1 | Fig.1 FEEDHEATER




Q.2 An electrical power system experiences linear changes in load such its daiiy load

curves is defined as follows.

Time
n 12PM 2AM | 6AM | 8AM | 12AM | 12.30AM 1 PM 5PM | 6PM 12PM
ours
Load
24 12 12 60 60 43 60 60 84 24
(MW)
()  Plot the load curve for the system
(I}  Find the load Factor
() What is the utilization factor of the plant serving this load if its capacity is 120MW?
[9 M]

Q.3 In what respects Reheat cycle differs from that of Regenerative Rankine cycle in steam

power plant? Mention at least 5 points.

Page | 2
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Q.1

BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

Il SEMESTER 2012-2013
Test No.1 {Closed Book)

Year : III-MECHANICAL | Date : 10.03.2013

Course No.: ME C 314 Course Title : POWER PLANT ENGINEERING

Duration :50Min Marks: 25 Weightage :25%
ANSWER [KEY]

In a single heater regenerative cycle the dry and saturated steam is supplied to turbine at
32 bar and condenser pressure is 0.05 bar as shown in Figure.1. The steam bled from the
turbine at 2.8 bar and mixed with direct contact type feed water heater. Neglect the pump
work. Find (i) The quantity of steam bleed (ii) Work done by the Turbine in kJ/kg

(iv) Rankine cycle efficiency with regeneration and without regeneration

If the power plant capacity is 500 kW (v) find mass flow rate of steam in kg/s (vi) mass flow
rate of cooling water circulation in the condenser if the rise in temperature is limited to (AT)

5%C. Assume specific heat of water 4.2KkJ/kg-k [12 M]

(O moiLER
- o
i '”Mgéﬁﬁﬁﬁﬁﬁﬁ
;'S"F" ‘a?:! @ 51 gﬁ@f
7
6,

FEEDHEATER

FIG.1

Page |1




Solution
o fp =i+ (1 -3 i

4&@ - fig,

fm— A
§g§m liquid enthalpy at 28 har = 3515 kl/kg s
g™ liquid enthalpy at 003 bar = 121 ki/kg
Fex = enthadpy of wet steam at 1.8 bar,

For thds, entropy of dry and ssturated steam at 53 bar

P

L

= gntropy of wel sieam st 2.8 by,
G130 = 1647 +x x 5367
£s £=0.841 3
~ Enthalpy B = 5508 #0881 X 21700 = 23765 K kg
5515 - 12) o § ( :
- 2;?}55 BT TR (bes)
Also for isentropic expansion of sfeans to V05 bar extropy of dry and seturated steam ot 32 bar
= gntropy of wet stean at .05 bar. ' '
G139 =0476-+xx 7920  and  x=0718
Enthalpy of 0.718 dry sieam at 005 bar,
hewm 237840718 % 24238 = 1878 kifke
The heat wansferred in the E&m%&‘ﬁ‘ enthalpy of saturated steam at 32 bar < onthalpy of
waler gt 2.8 bar
= Jig e Rpy = 28023 = 5515 = 23808 kl kg
Turbine wark -k XLk -k x (1=
: = {28003 - 23?55};gi+§2ﬁ?ﬁ§—1§?%}x@-—@§%ﬁ?}
= 4258 +403.3 = 8201 bl kg C(\M)
il

Turbino wotk 8291 s 1 e :
= ) EEEE N f ,_-‘,”r‘ m
Heatsupplied ~ 23508 = 03577 fe 3527 (& v,

{5) Cyele efficiency

@ &M\Ccm C-jcﬁn. @u\uiwaj Wi Yeaud Qﬁgwaﬁoﬁ

7/ X x\;_‘— ‘\\_‘ L2805} — ‘8?8
. \\1.4\5- T XeoX3 - 238
Page | 2 )
- 3.6 Ve (hm
\‘:\C)n%!l?_ N C‘jC»Q.L CJ.\\CW(‘_L} AU_Q_ W@k\m
V5.2 — 346 = ©-6% / (&)

gp————————r—_—
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Mg YW = Foo kW
‘:}\5)( @29\ = Seo W
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g = Ef___.,,___—‘ ~ o. 6o \Lff/j
¢Lq-
s 2 /L Cae)
—_—

Ay Mo Hao vek ) Gollig wob chedetin
Neat gourd by walen = Heat L4 b (o v Condonen
o =) (=N
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2\ ™ - Q\S(t_oawoqjoa%"\’ﬂﬁj
2t = Bed
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o
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Q.2 An electrical system experiences linear changes in load such its daily load curves is

defined as follows.

Time
] 12PM 2AM | 6AM | SAM | 12AM | 12.30AM 1 PM 5PM 6PM 12PM
hours
Load

24 12 12 60 60 48 60 60 84 24
(MW)
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()  Plot the load curve for the system (i) Find the load Factor (iii} what is the utilization
factor of the plant serving this load if its capacity is 120MW.

[9 M]
S_OLM(D Loax Acovelion ‘_C_ﬁ,t_.mv‘e—

B -
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4 1
r

|

-l iuad curve :
g0 80 ;
60 = - o éh'”}
%0 - - fi- ilee 1
= 40 P Lo
s L 24 L
= a0 f Pl Rwﬁgti :~§l = \
24 f 4 il iy L 24%
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Q.3 Distinguish between Reheat-Regenerative Rankine cycle [4 M]

Solution: Class Notes
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VERSION: A

BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

Il SEMESTER 2012-2013
QUIZ-2 (Closed Book)

Year : TII-MECHANICAL Date : 15.05.2013
Course No. : ME C314 Course Title : POWER PLANT ENGINEERING
Duration : S0Min Marks: 21 Weightage :7 %

1. In case of non-condensing turbines the back pressure is
(A) atmospheric (B) below atmospheric pressure
(C) above atmospheric pressure (D) depends on the size of turbine.

2.  Animpulse turbine produces 50 KW of power when the blade mean speed is 400
m/s. What is the rate of'-chaﬂge of momentum tangential to the rotor?
{a) 200 N {(b) 175N (c} 150 N (d) 125N

3. As compared to steam at entry to the turbine, which of the following will be larger at exit ?
(A) Pressure (B) Flow rate (C) Specific volume (D) Specific enthalpy.
4. In hydro power plants
(A) Initial cost is high and operating cost is low
(B) Initial cost as well as operating costs are high
(C) Initial cost is low and operating cost is high
(D) Initial cost as well as operating cost is low.

5. A single-stage impulse turbine with a diameter of 120 cm runs at 3000 rpm. If the
blade spéed. ratio is 0.42 then, the inlet velocity of steam will be
(a) 79 mfs {b) 188m/s (é) 450 m/s (d) 900 mis
6. A Francis turbine is

(A) Inward flow reaction turbine (B) Inward flow impulse turbine
(C) Outward flow reaction turbine (D) Outward flow impulse turbine.




7. A Kaplan turbine is
(A) a high head mixed flow turbine (B) an impuise turbine, inward flow type

(C) an reaction turbine, outward flow type (D) low head axial flow turbine.

8. In pumped storage
(A) Power is produced by means of pumps
(B) Water is stored by pumping to high pressures
(C) Downstream water is pumped up-stream during off load periods
(D) Water is re circulated through turbine.
9. In a hydro-electric plant a conduct system for taking water from the intake works to the
turbine is known as
(A) Dam (B) Reservoir (C) Penstock (D} Surge tank.
10. A Pelton wheel is
(A) inward flow impulse turbine (B) Outward flow impulse turbine

(C) Inward flow reaction turbine (D) Axial flow impulse turbine.

11- An impulse turbine
(A) always operates submerged (B) makes use of a draft tube
(C) is most suited for low head installations
(D) operates by initial complete conversion to kinetic energy.

12._In an impulse turbine
(A) water must be admitted over the whole circumference of the wheel

(B) it is net possible to regulate the flow without loss
(C) wheel must run full and be-kept entirely submerged in water below the tail race

(D) the pressure in the driving fluid as it moves over the vane, is atmospheric.

13. - velocity diagram shown above is for

an impulse iurbine stage. What is the,
tangential force and axial thrust per kg/s
of steam, respectively?

(a)450 N, B N

(b) 560 N, 8 N

(c)BBON, 4N

(910N, 4N




~
bed
RN

14. Pelton wheels are installed on
(A) run of river plants with pondage
(B) run of river plants without pondage
(C) base load plant
(D) high head plants.

15. In hydro power plants
(A) Initial cost is high and operating cost is low
(B) Initial cost as well as operating costs are high
(C) Initial cost is low and operating cost is high

(D) Initial cost as well as operating cost is low.

16. In axial flow turbines
(A)only part of the available head is converted into velocity before the water enters the

wheel

(B) water is admitted over part of the circumference
(C) it is possible that the wheel may run full

(D) it is possible to regulate the flow.

7. Steam enters a De Laval steam turbine with an 'Eﬁi‘é‘t velocity of 30 m/s and leaves
with an ouflet velocity of 10 m/s. The work done by 1kg of steam is
{ay 400 Nm {b) 600 Nm (c) 800 Nm {d) 1200Nm




18.  Consider the following statements:
in an-fmpuise turbine,

1. the relative velocity of steam at inlet and outlet of moving blades are equal.
2. the moving blades are symmelrical.
3. the outlet area of the moving blades is smaller than the inlet area.
Of these statements: &
{(a) 1, 2 and 3 are correct (b) 2 and 3 are correct
{c) 1 and 2 are correct (d) 1 and 3 are correct

19.  Which one of the following skeiches represents an impulse turbine blade?

20. The blade friction in the impulse turbine reduces the velocity of steam by
while it passes over the blades.
a) 10to15% (b) 15t020%
C) 20t0 30 % (D) 301040 %

21. The maximum efficiency of a De-Laval turbine is
a) Sin«
b) cos® o
¢) tan®a
d) cotf?
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

 SEMESTER 2012-2013

QuUiIZ-2 (Closed Book}
Subject: Power plant Engineering

Course No: ME C314

Max. Marks: 24 QuUIZ -1 Weightage : 7 %

ANSWERS

2 3 4 5 6 7 8 9 10 | 11 | 12

Qns 1

Ans C D C A C A p C

Qns| 13 14 | 15 | 16 17 | 18 | 19 | 20 | 93

Ans D D A c A c A A B

1. In case of non-condensing turbines the back pressure is

(A) atmospheric (B) below atmospheric pressure

(C) above atmospheric pressure (D) depends on the size of turbine.

2. Amimpulse turbine produces 50 kW of power when the blade mean speed is 400

m/s. What is the rate -af‘change of momentum tangential to the rotor?

(a) 200N (b)Y 175N (e} 150N (d) 125N

3. As compared to steam at entry to the turbine, which of the following will be larger at exit ?

(A) Pressure (B) Flow rate (C) Specific volume (D) Specific enthalpy.

4. [n hydro power plants

(A) Initial cost is high and operating cost is low
(B) Initial cost as well as operating costs are high
(C) Initial cost is low and operating cost is high

(D) Initial cost as well as operating cost is low.




2. A single-stage impuise turbine with a diameter of 120 cm runs at 3000 rpm. if the
blade speed ratio is 0.42 then, the inlet velocity of steam will be
{2} 79 m/s (b) 188m/s (c) 450 m/s (d) 900 mys
6. A Francis turbine is

(A) Inward flow reaction turbine (B) Inward flow impulse turbine
(C) Outward flow reaction turbine (D) Outward flow impulse turbine.

-

. A Kaplan turbine is
(A) a high head mixed flow turbine (B) an impulse turbine, inward flow type

(C) an reaction turbine, outward flow type (D) low head axial flow turbine.

8. In pumped storage
(A) Power is produced by means of pumps
(B) Water is stored by pumping to high pressures
(C) Downstream water is pumped up-stream during off load periods
(D) Water is re circulated through turbine.
9. In a hydro-electric plant a conduct system for taking water from the intake works to the
turbine is known as
(A) Dam (B) Reservoir (C) Penstock (D) Surge tank.
10. A Pelton wheel is
(A) inward flow impulse turbine (B) Qutward flow impulse turbine
(C) Inward flow reaction turbine (D) Axial flow impulse turbine.
11. An impulse turbine
(A) always operates submerged (B) makes use of a draft tube

(C) is most suited for low head installations
(D) operates by initial complete conversion to kinetic energy.

12. In an impulse turbine
(A) water must be admitted over the whole circumference of the wheel

(B) it is net possible to regulate the flow without loss

2




(C) wheel must run full and be-kept entirely submerged in water below the tail race

(D) the pressure in the driving fluid as it moves over the vane, is atmospheric.

13. Velocity diagram shown above is for
an impulse turbine stage. What is the,
of steam, respectively?
(a)y450 N, 8N
(b} 560 N, 8N
(C)B80ON,4N

(d) 910N, 4 N
e e e e
: T
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| %0 g |
| ‘ -.; '
E
L e e D > 2
[»w— 450 /s werme—
e 910 nvfs - >

14. Pelton wheels are installed on
(A) run of river plants with pondage
(B) run of river plants without pondage
(C) base load plant
(D) high head plants.

15. In hydro power plants
(A) Initial cost is high and operating cost is low
(B) Initial cost as well as operating costs are high
(C) Initial cost is low and operating cost is high
(D) Initial cost as well as operating cost is low.




16. In axial flow turbines
(A)only part of the available head is converted into velocity before the water enters the

wheel

(B) water is admitted over part of the circumference
(C) it is possible that the wheel may run full

(D) it is possible to regulate the flow.

7. steam enters a De Laval steam turbine with an inlet velocity of 30 m/s and leaves
with an outlet velocity of 10 m/s. The work done by 1kg of steam is
(a) 400 Nm (b) 600 Nm {c) 800 Nm (d) 1200Nm
18. Consider the following statements:
In an impulse turbine,
1. the re%a‘ﬁveuveiscity of steam at inlet and outlet of moving biades are equal.
2. the moving blades are symmetrical. |
3. the outlet area of the moving blades is smaller than the inlet area.
Of these statements: &
{a} 1, 2and 3 are correct {b} 2 and 3 are correct
{¢) 1 and 2 are correct () 1 and 3 are correct

Which one of the following skeiches represents am impulse turbine blads?

A —

I fe) {d) R

20.  The blade friction in the impulse turbine reduces the velocity of steam by

while it passes over the blades.
a) 10to 15 % (b) 151020 % (C)20t030% (D) 30t040%

21. The maximum efficiency of a De-Laval turbine is
a) Sin*a
b) cos? a
c) tan®a
d) cot?
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BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE, PILANI, DUBAI CAMPUS

Il SEMESTER 2012-2013
QUIZ-1 (Closed Book)

Year : MII-MECHANICAL Date : 27.03.2013
Course No. : ME C314 Course Title : POWER PLANT ENGINEERING
Duration  : 50Min Marks: | Weightage :8 %
STUDENT NAME oo resm o s s o s e ot 1D N Qv o rm o m
Qns 1 2 3 4 5 6 7 8 9 10 | 11 12
Ans
Qns | 13 14 | 15 16 17 18 19 | 20
Ans
1. Which of the following has the highest calorific value? (1 M)
[A] Peat [B] Lignite  [C] Bituminous coal [D] Anthracite coal
2. The fuel mostly used in cement industry and in metallurgical processes is
(1 M)
[A] wood charcoal  [B] Bituminous coal [C] pulverized coal [D] coke
3. When coal is first dried and then crushed to a fine powder by pulverizing
machine, the resuiting fuel is called (1 M)
[A] wood charcoal [B] Bituminous coal [C] brigquetted coal [D] none of these
4. When the finely ground coal is moulded under pressure with or without a

binding material, the resulting fuel is called briquetted coal (1 M)

[A] yes [B] No




5. The ultimate analysis of coal consists of the determination of the percentage of

(1 M)

[A] carbon [B] hydrogen and nitrogen [C] sulphur and ash

[D] all of these

6. Weight percentage of which one of the following is determined by Proximate

analysis of coal?
[A] Fixed carbon, volatile matter, moisture and ash

[B] All solid and gaseous components
[C] All solid & gaseous components except volatile matter

[D] Fixed carbon and volatile matter

7.ln combustion process, the effect of dissociation is to

[A] Reduce the flame temperature
[B] Separate the products of combustion
[C] Reduce the proportion of carbon monoxide in gases

[D] Reduce the use of excess air

8.The amount of CO, produced by 1 kg of carbon on complete combustion is
[A] 3/11kg [B] 3/8kg [C]18/3kg [D]11/3kg

9. One kg of carbon requires 4/3 kg of oxygen and produces

(1M)

(1M)

(1M)

kg of

carbon monoxide
[A] 8/3 [B] 11/3 [C117/3 [D]7/3

10.  One kg of carbon monoxide requires 4/7 kg of oxygen and produces

(1 M)

(TM)

[A] 11/3 kg of carbon dicxide gas [B] 7/3 kg of carbon monoxide gas
[C] 11/7 kg of carbon dioxide gas [D] 8/3 kg of carbon monoxide gas

11.  One kg of sulphur requires 1 kg of oxygen for complete combustion and produces

2 kg of sulphur dioxide

[A] true [B] false

(1 M)




12. Methane burns with stoichiometric quantity of air. The air / fuel ratio by weight
is (1M}
[A] 4 [B] 14.7 [C] 15 [D] 17.16
13.  One kg of ethylene (C;Ha) requires 2 kg of oxygen and produces 22/7 kg of
carbondioxide and kg of water and steam (1 M)
[A] 9/7 [B] 1177 [C17/4 [D] 11/4
14.  The minimum weight of air required per kg of fuel for complete combustion of a
fuel is given by (1M)
[AJ11.6C + 34.8 (H - -g-) +4355  [B]1L6C +34.8 (H +2) + 4355
[CI11.6C —348(H—2)+4355  [D]11.6C - 34.8 (H+2)+4355
15.  The mass of carbon per kg of flue gas is given by (1 M)
11 3 7 3
[A1=CO, + 2 co [B]>CO, + = o [C12C0,+ = CO
3 7
[D] 7002+ 3 co
16.  The mass of excess air supplied is equal to (1 M)
[A] —120—5:)- X mass of excess carbon [B] % X mass of excess oxygen
[C] 1?039- x mass of excess carbon [D} :—L;;—U X mass of excess oxygen
17.  To ensure complete and rapid combustion of a fuel, some quantity of air, in
excess of the theoretical air is supplied {1 M)
[A] yes [Bl No
18. Bomb calorimeter is used to determine (1 M)

[A] calorific value of solid or liquid fuels
[B] calorific values of gaseous fuels
[C] ash content of solid fuels

[D] incombustible matter in solid fuel

3




19.

20.

21.

Amount of oxygen needed to completely burn 1k g of methane (CHs) is  (1M)

[Al2kg [B]4kg

[C] 16 kg

[D] 22 kg

Which of the following constituents of a fuel does not contribute to its calorific

value on combustion?

[A] carbon

[B] hydrogen

[C] sulphur

[D] nitrogen

(1M)

Match the correct answer from Group B for the average calorific value of the fuels

given in Group A

(4 M)

Group A Group B Answer (Write down the
value)
a) Wood A) 33,500 kJ/kg
Ans
b) Peat B) 19,700 kJ/kg
Ans
¢) Lignite coal C) 25,000 kd/kg
Ans
d) Bituminous coal D) 23,000 kJ/kg
Ans
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ANSWERS
Qns 1 2 3 4 5 6 7 8 9 10 | 11 | 12
Ans A c D A D A A D D c A D
Qns | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Ans A A A D A A B D
1. Which of the following has the highest calorific value? (1 M)
[A] Peat [B] Lignite  [C] Bituminous coal [D] Anthracite coal

2. The fuel mostly used in cement industry and in metallurgical processes is
(1 M)
[A] wood charcoal [B] Bituminous coal [C] pulverized coal [D] coke
3. When coal is first dried and then crushed to a fine powder by pulverizing
machine, the resulting fuel is called (1 M)
JA] wood charcoal [B] Bituminous coal [C] briquetted coal [D] none of these
4. When the finely ground coal is moulded under pressure with or without a
binding material, the resulting fuel is called briquetted coal (1 M)
[A] yes [B] No
5. The ultimate analysis of coal consists of the determination of the percentage of
(1 M)
[A] carbon [B] hydrogen and nitrogen [C] sulphur and ash

[D] all of these




6.  Weight percentage of which one of the following is determined by Proximate

analysis of coal? (1M}
[A] Fixed carbon, volatile matter, moisture and ash

[B] All solid and gaseous components
[C] Ali solid & gaseous components except volatile matter

[D] Fixed carbon and volatile matter

7.1n combustion process, the effect of dissociation is to (1M)

[A] Reduce the flame temperature
[B] Separate the products of combustion
[C] Reduce the proportion of carbon monoxide in gases

[D] Reduce the use of excess air

8 The amount of CO, produced by 1 kg of carbon on complete combustionis  (1M)
[A] 3/11kg [B] 3/8kg [C]18/3kg [D]11/3kg

9. One kg of carbon requires 4/3 kg of oxygen and produces kg of
carbon monoxide (1 M)
[A] 8/3 [B] 11/3 [C117/3 [D]7/3

10.  One kg of carbon monoxide requires 4/7 kg of oxygen and produces (1 M)
[A] 11/3 kg of carbon dioxide gas [B] 7/3 kg of carbon monoxide gas
[C] 11/7 kg of carbon dioxide gas [D] 8/3 kg of carbon monoxide gas

11.  One kg of sulphur requires 1 kg of oxygen for complete combustion and produces

2 kg of sulphur dioxide (1 M)
[A] true [B] false
12. Methane burns with stoichiometric quantity of air. The air / fuel ratio by weight
is (1)
[A] 4 [B] 14.7 [C]115 [D] 17.16




13.  One kg of ethylene (C:Ha) requires 2 kg of oxygen and produces 22/7 kg of
carbondioxide and kg of water and steam (1 M)

[A] 9/7 [B] 11/7 [C] 7/4 [D] 11/4

14.  The minimum weight of air required per kg of fuel for complete combustion of a
fuel is given by

[A111.6C + 348 (H —2) + 4355 [BJ11.6C + 348 (H+2)+435s
[Cli1.6¢ —348(H—-2)+4355  [DJ116C —348 (H+2)+4355

15.  The mass of carbon per kg of flue gas is given by (1 M)
3
[A]5CO, + 2 CO [B]ZCO, + 5 CO [C12C0,+ = CO

[D] =0, + 2 CO

16. The mass of excess air supplied is equal to (1 M)
23 23

[A] ; x mass of excess carbon [B] - x mass of excess oxygen
100 100

[C] S5 X masso f excess carbon [D] S5 Xmasso f excess oxygen

17.  To ensure complete and rapid combustion of a fuel, some quantity of air, in
excess of the theoretical air is supplied (1 M)

[A] yes : [B] No
18. Bomb calorimeter is used to determine (1 M)

[A] calorific value of solid or liquid fuels
[B] calerific values of gaseous fuels
[C] ash content of solid fuels
[D] incombustible matter in solid fuel
19.  Amount of oxygen needed to completely burn 1k g of methane (CHa) is (1M)

[A]2kg [B]l4kg [C] 16 kg [D] 22 kg




20.

21.

Which of the following constituents of a fuel does not contribute to its calorific

value on combustion?

[A] carbon [B] hydrogen

[C] sulphur

[D1 nitrogen

(1M)

Match the correct answer from Group B for the average calorific value of the fuels

given in Group A

(4 M)

Group A Group B Answer
a) Wood A) 33,500 kJ/kg
b) Peat B) 19,700 kd/kg

¢) Lignite coal

C) 25,000 kd/kg

d) Bituminous coal

D) 23,000 kJ/kg




