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MECHANICAL ENGINEERING (PAPER-II)

‘Time Allowed : Three Hours;‘ ‘ Maximum Marks : 250

SDF-B-MCHE

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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1.

WUs—A / SECTION—A

(@) TF SgHISEN WE F TEE@H ¥ A ¥ Gell o F A9 a% 20 kW R A @ 79 R @ 2

(b)

fc)

gefl B4 % A I TF HaE, qe@H F A9 A 45 m S+ | R 9 6 vER R 0-03 m3/s
B, @ ufran § oo F wTe F Fror adE S W ggen S Tif i T SR e
B &t wrrarEt w1 fafad

Water is pumped from the basement tank of a multistorey building to the
terrace tank by a 20 kW motor. The free surface of the terrace tank is 45 m
higher than the basement tank. If the flow rate of water is 0-03 m?3 /s,
determine the mechanical power that is converted to thermal energy during the

process due to friction effect. Write the assumptions made in the calculation.

T WAl GH-Tgis Yate & fordl ewfsd 6 ware dawa # gfe, e vfa # 9f qen o
TH & WY B B

Show that for a supersonic isentropic flow, an increase in flow area is

accompanied by an increase in flow velocity and a decrease in pressure.

TF AEY WURYl T AT 9% T A - a1 a9 IuE ¢ R, S R w % sifteman
M Y1 9 % <A TTIHH F I gl &, qun i Femed w1 e v ) wied 6
fafire w1 3eea wftraw @@ €M w9 fF 99 sge W@ YER # @ 6 wrfies frin qw
arg A qome R g 3E I STl % S )t y % Borl % w9 F ety of
HR, sl feR aH sigum ¥ ol fafie s 3 @ s R Tos anta difR qun fafim
Hagdl & fammm 1w @i s

An ideal simple gas turbine cycle is having a pressure ratio of r and a
temperature ratio, defined as the ratio of maximum temperature to minimum
temperature in the cycle, of ¢, and the ratio of specific heats of y. Show that
the specific work output is maximum when the pressure ratio is such that
the éompressor outlet and turbine outlet temperatures are equal. Also, derive
expressions for the two pressure ratios as functions of t and y, where
the specific output becomes zero for a constant temperature ratio. Draw the
T-s diagram and a sketch of the layout of the components.

SDF-B-MCHE/11 2

10

10

10




(d) & W A R 200 mm Fi ITAER € (k= 152 W/m-K) ] i) g8, 8 mm A

fe)

wid W (k=45 W/m-K) a1 100 mm Hi& FHAH 2 (k= 0-138 W/m-K) H 5@
o ¥ o0 B W@ A ofied SR 1150 °C | E0fE R, sEfE FwRdH 2 i Tm R
40 °C W 8| <9R A B9 arel T FAW 6 AT il | Hia wie a9 IR 2 H 9w
AR % 9T forg 1 0 aOEE 27

A furnace wall consists of 200 mm inner layer of refractory brick
(k= 1-52 W/m-K), 8 mm thick steel plate (k=45 W/m-K) and outer layer of
100 mm thick insulation brick (k= 0138 W/m-K). The inner wall of the
furnace is maintained at 1150 °C, while the outer wall of the insulation brick is
at 40 °C. Calculate the heat transfer through the wall. What is the temperature
at the junction of steel plate and outer insulation brick wall?

20 mm =94 ! % dfa A qferm # 1-25 kg/s B w A T IR ¥R g 71 Gwy e
# 20 °C T W9 Ha1 & a41 30 °C W Frpern ¥ dfar w, B 40 °C % 3f|a qoHE W
waify foran T R, THW o veed & ol Al ) e o KR | afee # g arg
¥ Tare ¥ R o sfaw w1 AR gegErg Nu = 7 +0.025(Pe)* 8 , W@l Pe fimcie
HEA &, Pe = Pr-Re. 25 °C T R & 7oresd fe &

p=13582 kg /m3

Cp =140 J /kg-K

k=869 W/m-K

v=1.5x10"7"m?/s

Pr=0.0248

Liquid mercury flows at a rate of 1'25 kg/s through a copper tube of diameter
20 mm. Mercury enters the tube at 20 °C and leaves the tube at 30 °C.
Calculate the tube length for constant heat flux at the wall which is maintained
at an average temperature of 40 °C. The empirical correlation for heat transfer
for liquid metal flowing through a tube is given as Nu = 7 +0-025(Pe)*'®, where
Pe is Peclet number, Pe = Pr-Re. The properties of mercury at 25 °C are as

follows :
p=13582 kg /m3
Cp =140 J /kg-K
k=869 W/m-K
v=1.5x10"" m?/s

Pr=0-0248
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2. (a) (i) TH 40 o N ™ IegE g W@ (FR) | ™ 50 m® =W A wn ¥ F qw
Wedet 1 & IF1 I A 10 °C aoH R | 3t 24 kW 3 aren edet = fen
1 R IH EE, 0-35 kJ/s 1 3w R @ (FeT) FA W e @R P AR
FHR F A H 3Ed q9EE 20 °C 3R WEIR F ¥4 F a9EA 50 °C B| ¥ w wHa
a9 o 1 fafite e wEE: 950 kg /m S a9 2-2 kJ /kg-K iRl | Rufor Hifw 5
Az fh o =T W@ ™ 3R AW SRR e st we @ die e gen € aw

TAvEEAT @ 1 bar ®|

(i) fospe w=d & wqw Myw &3 § TR qon @@ Pl qoed =@ #0 wiRw g qw
ek forg % sfte = aFm ®7

(i) A 40 litres electrical radiator (heater) containing heating oil is placed in a
50 m?3 room. Both the room and the oil in the radiator are initially at
10 °C. The radiator with a rating of 2-4 kW is now turned on. At the same
time, heat is lost from the room at an average rate of 0-35 kJ/s. After
some time, the average temperature for air in the room is 20 °C and the oil
in the radiator is 50 °C. Take the density and the specific heat of the oil
to be 950 kg / m? and 22 kJ/kg-K respectively. Determine how long the
heater is kept on. Assume the room is well-sealed and ambient pressure

is 1 bar.

(i) Why are the temperature and pressure dependent properties in the
saturated mixture region of pure substance? What is the difference
between critical point and triple point?

(b) aﬁamﬁ@45°mmm-m;mm 600 mm =¥ ¥ %™ W 300 mm =™
T W 8| W9 W 9 7@ 140 kPa 791 Hig ¥ F-Wa18 & 0-425 m 3 /s &1 =601 &l 107
A §4, S W HE WA 9 Fo gRomdt &fos @ i o Hif |

A 45° reducing pipe-bend in a horizontal plane, tapers from 600 mm diameter
at inlet to 300 mm diameter at outlet. The gauge pressure at inlet is 140 kPa
and the rate of flow of water through the bend is 0-425 m3/ s. Neglecting
friction, calculate the net resultant horizontal force exerted by the water on
the bend.
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(c)

(a)

% 1 mm = i fogq R, 2 mm WA AH (k= 0-5 W/m-K) ®a @ & 81 a” F =i
SR #1925 °C W R 91 h=10 W/m?2-K R a1 %1 9™ 100 °C 3| qft am & 2
et T % g F 7 A g T A FiR) Al B weg w9 F /R
FHierpan Fo F & wia TS s o Arem A

A 1 mm diameter electric wire is covered with 2 mm thick layer of insulation
(k= 0-5 W/m-K). Air surrounding the wire is at 25 °C and h =10 W/m?2-K. The
wire temperature is 100 °C. Find the rate of heat dissipation from the insulated
wire per unit length. Also, find the maximum value of heat dissipation per unit

length for the corresponding critical thickness of insulation.

T i W ETEd €99 H, OF UHd-URe 0l aedies | Freedt 9y oo w8 § w9
Fl 8| Saed #18 ¥ Faeh ™ W wa-ww e e § yaifa @ § ) aedfes 9
14 kg Wit ¥ve aw Frin i ste ¥, w&tE a8 40 1 (St @ W) Q@ A @
12000 r.p.m. I g & ™ X @ | 9egol 3fd ofpin (wawr) @9 25 °C 991 1-0 bar
&t s "l €1 0:9 F wdu ok, 1-04 F whn AW qoiiEw auw 80% h wH-TIF 28w
(el 3fid g auTfa) A 7Y SEIeR @ wH S feferd | gd-sfar T W) Rk eR fou
T i wem 3 4 AEE A A ad 50% whEl Fer # B W Aed g2 famns i gEa
HTTA TEXS AT I | T FY ¥ TR o faewe @1 i g4 welie® W O et o
difed | wrag T-s 3 +ft sifa il

In an industrial gas turbine plant, the air leaving a single-sided centrifugal
compressor enters the combustion chamber. The hot gases leaving the
combustion chamber undergo expansion in a single-stage gas turbine. The
compressor is required to deliver 14 kg of air per second, when operating at a
(total to total) pressure ratio of 4 : 1 and a speed of 12000 r.p.m. The total head
inlet conditions may be taken as 25 °C and 10 bar. Assuming a slip factor of
09, a power input factor of 1-04 and an isentropic efficiency (based on total
head) of 80%, estimate the overall diameter of the impeller. Assume no
pre-whirl. If the Mach number at the impeller tip is not to exceed unity and
50% of the losses are assumed to occur in the impeller, find the minimum
possible depth of the diffuser. Also, draw a sketch of the compressor, clearly
showing the impeller and the diffuser. Draw the corresponding T-s diagram
also.
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(b) TH Wiaward gm-uge Foa fafmes femdm ® 20 °C @ 50 °C 7% ™ UF | W A T

fc)

WG Bl §, S uaeh faR aeh 2 cm =@ fi e § 80 °C W yAW wal ¥ g
40 °C W Fremfa B ¥ o fifmas i 30 7= 60 m ) FordR 6t v (aem #)
HaEa ST IR O 25 W/m2-K ® a1 5/t it 3l (ara ) afesm #) 160 W/m2-K
%) e fufis & o s @ e (i) Rl ahgw % @ T (i) wigEw % @@ wahs
= ) Aferem 3 fromda 1 3 afgeor o 0-0006 m2-K/W 2 st B a1t i et
mﬁt‘ﬂﬂﬁﬁﬂﬂ?‘m{%l

A counterflow double-pipe heat exchanger is used to heat glycerin from 20 °C
to 50 °C by hot water, which enters the thin-walled 2 cm diameter tubes at
80 °C and leaves at 40 °C. The total length of the heat exchanger is 60 m. The
convection heat transfer coefficient is 25 W/ m?2-K on the glycerin side (in the
annulus) and 160 W/ m2-K on the water side (in the inner tube). Determine the
rate of heat transfer in the heat exchanger (i) before any fouling and (i) after
fouling with a fouling factor of 0-0006 m2-K/W occurred on the glycerin side of
the inner tube. The thermal resistance of the inner tube is negligible.

T ] TEitad 9 < 3R AfEmad aoEEl FHE: -8 °C a9 20 °C % o9 FHd 81 9%
# 3w # oM 9T Weiae R-134a ® 991 9% GgW 5909 &% § HE @ | Siias s Am
0-8 kg ® a1 Weitaes o1 wfeshor ka1 % o ¥ €gW 59 §| W H FA A Haw 15 kJ
B o wEeE wian § aifela €9 areh weiiaes 6t wmn % sim o fufor Fifd ) R @

~8°CWR hy, = 20459 kJ/kg
20 °CW hy, = 180-33 kJ/kg

A Carnot refrigeration cycle is operating between the minimum and maximum
temperatures of -8 °C and 20 °C respectively. The refrigerant used in the cycle
is R-134a and the cycle is operating in the saturated liquid-vapour region. The
mass of the refrigerant is 0-8 kg and the refrigerant is saturated liquid at the
end of heat rejection process. The net work input to the cycle is 15 kJ.
Determine the fraction of the mass of the refrigerant that vaporizes during the
heat addition process. Given

hg at -8°C = 204-59 kJ/kg

hy, at 20 °C = 180-33 kJ/kg

4, (o) widcE, GAT A1 e GHIEON i R A e WHT % W6 i wE 1, YAE 5 9@

e G & 9 ¥ Hae Ao |

With the help of continuity, momentum and energy equations, obtain an
expression for Mach number after a normal shock in terms of the Mach
number before the shock.
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(b) Tt s1afra v wdies & ww =w <t wfalEn-mEn i afenfia SR qm g3 P @ vaw
N F T H FHF A b eI FR | Ta SfafE-Amn 50% #, @ wigd £ an B
Tfd §1 v Asfa yaE wedies F e s B AR, Freeht sfatrn-amn 50% % s ?
a1 TH-T qerdn (Fegol S W anunia) Vet WX 2HT % Ferh 3 100% ¥ FH B 3E
= F Tl T-s sm@ qu1 a1 fe difed | & anoft % 9 3§ enied f6 g9 = § A= qon
= A fi= var wed fFe yeR Teed #

(i) Fag nfa
(i) |maE Ty
(iii) =Y T
(iv) e a=
(v) oM AYEH
(vi) ¥fae T

Define degree of reaction for a stage of an axial flow compressor and derive an
expression for the same in terms of the fluid angles and the blade angles. Show
that when the degree of reaction is 50%, the velocity triangles are symmetrical.
Consider a stage of an axial flow compressor with degree of reaction equal to
50% and isentropic efficiency (based on total head) is less than 100% in both
the rotor and the stator blades. Draw the T-s diagram and velocity triangles for
this stage. Show in the form of a table, how the following flow parameters
change in the rotor and the stator of the stage :

(i) Absolute velocity

~

(i) Relative velocity

(i) Stagnation pressure
(iv) Static pressure

(v) Stagnation temperature

(vi) Static temperature 20

(c) T = v qon iy g wHW: 5800 K @1 2800 K % WM Hadl aT99H & Hiere
Ieae F A A ST o &) R % Rt g 98 @i 75 0-40 ym ¥ 0-76 um F
799 Wagh e W # audifi weh So 31e W Hd §1 AT (um-K) F FeE & w97
Fom fafme wem, f, @ g wof & Fm & o s w21 FOE R wem, £,
FIOF F0 IR TR A =0 ¥ A T q0e 9z § Iwfia fafmm wa Fem g qoeed
T 0 ¥ o & Icafeia Tt fafero el % om =1 wefdfa +wn 2
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Daylight and incandescent light may be approximated as blackbody emissions
at the effective surface temperatures of 5800 K and 2800 K, respectively. From
the principles of radiation, show that incandescent lightbulbs are inefficient as
light sources in the visible spectrum wavelength range of 0-40 pm to 0-76 pm.
The blackbody radiation function, f; as a function of AT (um-K) given in the
table may be used. The blackbody radiation function, f, represents the
fraction of radiation emitted from a blackbody at temperature T in
the wavelength band from A =0 to A, to the total radiation energy emitted by the
blackbody in the wavelength range O to .

v fafemw wed, [,
Blackbody radiation function, fj
AT (pm-K) bj) AT (pm-K) B

200 0-000000 6200 0-754140

400 0-000000 6400 0-769234

600 0-:000000 6600 0-783199

800 0-000016 6800 0-796129
1000 0-000321 7000 0-808109
1200 0-:002134 7200 0819217
1400 0-007790 7400 0-829527
1600 0-019718 7600 0839102
1800 0-039341 7800 0-848005
2000 0-066728 8000 0-856288
2200 0-100888 8500 0-874608
2400 0-140256 9000 0-890029
2600 0-183120 9500 0-903085
2800 0-227897 10000 0914199
3000 0-273232 10500 0923710
3200 0-318102 11000 0931890
3400 0-361735 11500 0-939959
3600 0-403607 12000 0-945098
3800 0-443382 13000 0955139
4000 0:480877 14000 0:962898
4200 0-516014 15000 0-969981
4400 0-548796 16000 0973814
4600 0-579280 18000 0-980860
4800 0-607559 20000 0-985602
5000 0-633747 25000 0992215
5200 0-658970 30000 0-995340
5400 0-680360 40000 0997967
5600 0-701046 50000 0-998953
5800 0-720158 75000 0-999713
6000 0-737818 100000 0-999505
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@Us—B / SECTION—B

5. (a) Fded 91 A IFANT FEhi F difsd qorad @ 87 fafve disl B v @ @ aifed o

%I %A T TR S #7
What are the desired properties of lubricants used in IC engines? How do
different additives help to achieve these desired properties? 6+4=10

(b) & % 20 mm % fte ya@ () Iam FA & o Fawh A S Fuifa AR T
a0 T % ofgd dEE 270 °C W IIgAUSHE g1 H AHME 20 °C | SrHUSEE
2@ 0-101325 MPa wifsil | &1 # fod sifSrensfies fa fémis 287 J/kg-K @ fawt @
¥ fod 255 J/kg-K Bl
Determine the height of a chimney to produce a static draught of 20 mm of
water. The mean hot gas temperature in the chimney is 270 °C and
the atmospheric air temperature is 20 °C. Take atmospheric pressure
as 0101325 MPa. The characteristic gas constant for air is 287 J/kg-K and
for chimney gas, it is 255 J/kg-K. 10

(¢) (i) o st e o % ford wefiae- sramien e & it ot S gfooe S

(ii) T S-S s gefied 73 % afers qen wutE # Sterare i ufeafa
Feat (aifal) &7

i) Enumerate the desirable properties of refrigerant-absorbent pairs for
vapour absorption refrigeration system. 5

(ii) What are the drawbacks of presence of water vapour in the evaporator
and condenser of an aqua-ammonia absorption refrigeration system? 5

() T o 5l H A S % wu & arewetel % 3w 4 fafir faftrdt A dém § T
SeRTETe % SO % & ) IOl au quEdl F1 o Rk
Briefly explain different methods for the use of alcohols as alternate fuel in
SI engines. Also, write the merits and demerits of alcohol as fuel. 10

(e) 1:033 bar @1 35 °C DBT U6 60% RH I aRAvsca a1 TF Argshiieh a1 & o1
@ ) i #, 9y fi fifE eEd 5 gm/kg T 97 | F @ A ¢ G941 1Y F DBT
25 °C 7% FH B W1 B, Falh <@ WA @ T 8| Af<w srawen § ag fi amifie
o P e | wea @ Rk gt el % 3T | 7 FiR

HgH SIeT-aTgA qrot
T Hgw aTa
T (°C) Fsat (kPa)
0-01 06117

5 0-8725
10 1-2281
15 1-7057
20 2-3392
25 31698
30 4-2469
35 56291
40 7-3851
45 9-5953

SDF-B-MCHE/11 9 [PRO.



6.

(@)

(b)

(c)

Atmospheric air at 1-033 bar and 35 °C DBT and 60% RH is undergoing a
psychrometric process. During the process, the specific humidity of air is
reduced by 5 gm/kg of dry air and the DBT of air is reduced to 25 °C, while the
pressure is maintained constant. Determine the relative humidity and dew-
point temperature of air in the final condition. Solve the problem using only
psychrometric relations.

Saturated Water-Temperature Table

Temperature Saturated Pressure
T (°C) Psat (kPa)
001 06117

5 0-8725
10 1:2281
15 1-7057
20 2:3392
25 3:1698
30 4:2469
35 56291
40 7-3851
45 9-5953

TF YA ZEEA 400 r.p.m. W Id @ 8 a9 98 Wid d%ve 99 Yae i ufd 518 Amn W
75 kW 1 Witk %1 Ieqre Fht B | Forh! (serl) 1 TR Fo 20° q9n o i e, Sersw
T W 1-4 AT R | Tereh i T A1 FAH T i HIU I HIeH HiS |

A Parson’s turbine runs at 400 r.p.m. and it develops 75 kW of power per unit
mass of steam flow per second. The exit angle of the blades is 20° and the
steam velocity is 1-4 times the blade velocity. Find the blade velocity and the
inlet angle of the blades.

% aR-fhferet, IR-3E 9 o e 9 HI 3946 3000 r.p.m. W 80 kW B| TF 9
v FEifad B T @ qu 9% Seml 9egi® A 175 N-m, 170 N-m, 174 N-m
91 172 N-m 8| 38 5 it 1fd W waro g=re & ford fafde $u= @wa 0-385 kg/kWh
21 349 1 FEh 79 44000 kJ/kg B 1 559 ) Fitiw 991 v ardig sswaiet i moEn Hiia |

A four-cylinder, four-stroke SI engine has an output of 80 kW at 3000 r.p.m.
A Morse test is carried out and the brake torque readings are 175 N-m,
170 N-m, 174 N-m and 172 N-m, respectively. The specific fuel consumption
for normal running at this engine speed is 0-385 kg/kWh. The calorific value of
fuel is 44000 kJ/kg. Calculate the mechanical and brake thermal efficiencies
of the engine.

ToeEd % U wunu FyEfas, ay gedfted wefiad yoneh #, fFa weR uw fawar Iuw 6
TR T el B FIATn & foean Iuso & 9 # F1 oy aon el 87

Explain how a simple capillary tube works as an expansion device in vapour
compression refrigeration system. What are the advantages and disadvantages
of capillary tube as an expansion device?

SDF-B-MCHE/11 ; 10
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7. (a) TH WAI-¥a4 24 °C DBT a1 60% RH W W1 71 &, safsh f sife A s € -

T i wRfERwE : 38 °C DBT a1 28 °C WBT
FH F Hadl F1 9 : 160000 kJ/hr
FR | I F ¥R : 40000 kJ /hr

Fd -9 91g : 1200 m3 / hr
IYFW I : 10 °C

Aq-wad ¥ qHafEiea 91 A o A 60% B AR EoufeEnfia ag, e e @
Freeht Al o | fufim 6 s 2, 7@ Fra & 3@ iR

(1)
(i)
(iti)
(iv)
(v)
(vi)

wider Fveell & fewen & 9. qun gA-afEnferd ag & fiem % q@ ag i sEen
TWI-¥aA § W9 F F g 91 i aw

fiaer Foeet § wfaw #9 areft ang A 7

e Fueeh w1 =$-ww e ()

BHI-9E § WSl 7E FA 91 h A

TR ¥ 3fder Foseh F1 FHfied W

e (Rem) & w6 o ditd aur sfmes ageiits 98 © i ® i)
g = & Afwei F wam i s )

A hall is to be maintained at 24 °C DBT and 60% RH, when the following data

are given :

Outdoor conditions : 38 °C DBT and 28 °C WBT
Sensible heat load in the room : 160000 kJ/hr
Latent heat load in the room : 40000 kJ/hr

Total infiltrated air : 1200 m3/hr
Apparatus dew-point temperature : 10 °C

The quantity of recirculated air from the hall is 60% of total. If the recirculated
air is mixed with the conditioned air after the cooling coil, then find the

following :

(i

(i)
(iii)
(iv)

(v)
vy

The condition of air leaving the cooling coil and before mixing with the
recirculated air

Condition of air before entering the hall

The mass of air entering the cooling coil
Bypass factor of the cooling coil

The total mass of air supplied to the hall

The refrigeration load on the cooling coil in TR

Draw a sketch of the layout and show the process on a typical psychrometric
plot. Use of psychrometirc chart data is permitted.

20
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(b) (i) T e qen STeETT TEE Wi G % Wy e aun wE R
(i) T stie el 2 afost Fi anfa qsmed $ gem S

EUSED| : WY ¥E—1-4 MPa
(wen safad) w9 3R wfd el e saeR—10 kg
919 = TorEE—O0-9

WO 9 F AHA—27 °C
FIAS F1 FAK TH—34000 kJ/kg

arfes 2 : 99 gE—1'4 MPa

(v saferd) 19 IeqTeA ufd Forell 9t Saei—14 kg
W9 1 faey (srfaaw)—240 °C
WO S T AIHA—27 °C
4 #1 FAR TH—46000 kJ/kg

e srtwgt @1 g Fif
1-4 MPa W 94 % for@—
R = 2903 kJ/kg, 240 °C |
h, =830 kJ/kg
hs, =1958 kJ/kg
o1 i < fafdte 3 = 41868 kJ/kg-K

(i) State the major advantages and disadvantages of combined gas and
steam turbine power plants.

(i) Compare the thermal efficiencies of two boilers having the following data :

Boiler 1 : Steam pressure—1-4 MPa

(Coal-fired) Steam produced/kg of coal fired—10 kg
Quality of steam—0-9
Feed water temperature—27 °C
Calorific value of coal—34000 kJ/kg

Boiler 2 : Steam pressure—1-4 MPa
(Oil-fired) Steam produced/kg of oil fired—14 kg
Condition of steam (superheated)—240 °C
Feed water temperature—27 °C
Calorific value of 0il—46000 kJ/kg
Use the following data :
At 1-4 MPa for steam—
Psuperheated = 2903 kJ/kg at 240 °C
hy =830 kJ/kg
hg, =1958 kJ/kg
Specific heat of feed water = 41868 kJ/kg-K

10

10
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(c)

(@)

(i) p-6 @ N FEEA ¥ Tho Ao FoH! H ATTHIA I T |

(i) THo 3MZo ToHl W MUTHIEd W wrfled U aU1 A W AYEE % W9@ H T
$if

(i) Explain knocking in SI engines with the help of a p-6 diagram.

(i) Discuss the effect of compression ratio and inlet gas temperature on
knocking in SI engines.

100 TR ¥R ¥ R fatfa 22 9 35w # o 99 &% 9w 9 wefied wHftad =
st 1 T ¥ S qun gufE § Ggu d9HE S 5 °C a9 40 °C ) wfias, a1
A Frre o grdies § Ugw 90 F w9 § vfee A ) wefios, gutE @ fed s e
¥ s7aufiae 39 F &9 ¥, 5°C ¥ asfided & 9, yfaE 2a 8 wfias % ol e 6 fafie
FH1 0-65 kJ/kg-K a1 7 # fafire $oa1 1-1 kJ/kg-K ®1 M1 i@ (i) wefiaes i @

TR R (kg/s), (i) T oiw (COP) o ¥w-Uiivs aftes Wit wd (i) daie 3 =it

T e | fre stwst 1 IrEm iR

Tsat (°C) | Psat (bar) | hy (kJ/kg) | hg (kJ/kg) | sy (kI/kg-K) | sg (kI/kg-K) | vy (m3/ke)
5 5836 205-9 4071 1-02115 17447 00404
40 15-331 249-53 4164 1-16659 1-69953 —

A simple vapour compression refrigeration cycle using Freon 22 is designed for
a load of 100 TR. The saturation temperatures in the evaporator and condenser
are 5°C and 40 °C respectively. The refrigerant leaves the evaporator and
enters the compressor as saturated vapour. The refrigerant leaves the
condenser and enters the expansion device as subcooled liquid with a
subcooling of 5 °C. The specific heat of the vapour is 065 kJ/kg-K and the
specific heat of the liquid is 1-1 kJ/kg-K for the refrigerant. Calculate (i) the
mass flow rate (kg/s) of the refrigerant, (i) the COP and isentropic compressor
power and (ifi) the heat rejected in the condenser. Use the following data :

Teat (°C) | Psat (bar) | hy (ki/kg) | hg (J/kg) | s; GcI/kg-K) | sg (J/keK) | vy (m3/ke)
5 5-836 2059 407-1 1-02115 1-7447 0-0404
40 15:331 249-53 416-4 1-16659 1-69953 —

(b)

(i) TF e ge, S AR T U F W W R @ L, F A T
e = queTE |

(ii) T HE 6 FEHA Y TH W9 A F Iqn At frgra fi == iR

(i) Explain the variation of pressure along the axis of a convergent-divergent
nozzle operating off the design pressure ratio.

(i) Discuss the principle of bypass governing in a steam turbine with neat
sketches.

SDF-B-MCHE/11 14
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(c) e Eivel =% R FRRA T §9 b1 Gedied 3gUE 15 : 1 ¥ wefied U % HoW I
qUHA 27 °C 8 91 3TN § 9 ag-$uF F1 3@ 35 : 1 ¥| ¥ ) ag-AHF 34 74
Ifor | $o9 1 Fed 79 42000 kJ/kg B

An engine working on ideal diesel cycle has a compression ratio of 15 : 1. The
temperature of air at the beginning of the compression stroke is 27 °C and the
air-fuel ratio used is 35: 1. Find the air-standard efficiency of the cycle. The
calorific value of the fuel is 42000 kJ/kg. 10

* ok ok
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