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MECHANICAL ENGINEERING (PAPER-II)

SDF-B-MCHE

Time Allowed : Three Hours Maximum Marks : 250

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

(a) TF TEAIE WEH & TEEN F A9 A Gell 59 & B9 9% 20 kW A1 § s 79 fen s )

(b)

(c)

Geft Bd % B I T Hag, Te@H F 89 § 45 m S0 }| AR 5@ B v@R@ R 0-03 m3 /s
B, A i ® ador 3 yee F FRO a9 S | qgen ot ity i ) o FiRE o
T 5t A = fofed)

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? /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 WeaE G-Tgis 6 % ol auisd £ ware dawa § g, war wfa # ofg @ e
B % 91 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.

T AGY WUR 9 ZETH 9% H G AU - a1 a9 I ¢ R, S R s % sifreman
AHH qY1 =% F AH AIHH F1 I B 8, aon fafine Femait @ o v #)1 swi@d 6
faftre w6 I sftean @@ €S9 T 7@ iguE W TR # @ B uefes folm qun
aTgA e aoHH SRR € SH1 G Ul % Skl Y auT y % el % ®9 8 ogeafy oft
$ivR, JE1 fer A g & fod fafite Sama = @ s #) Tos st Eifd qun fafim
Sagal & fo=mg #1 1 @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 t, 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.
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(d) TH WE i FR 200 mm F IFATEE € (k = 1-52 W/m-K) i it Hag, 8 mm A
wid @R (k=45 W/m-K) 91 100 mm Hi&t SR §2 (k= 0-138 W/m-K) ) @
e ¥ o B W@ fit el farR 1150 °C ® w4t &, Safe Fwmd ¢ i 5@ fan
40 °C W &| $aR ¥ €F aTel FT a0l i VAT I | e <2 991 FHRH $2 ) aw
e % T Targ 1 1 qoEE 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? 10

(e) 20 mm =@ i TF dfa $i Aferw d 1:25 kg/s i @ T I Fawfaa g ¥ IR AfrH
# 20 °C W AW Fdl & 991 30 °C W Fiwaar 21 dar W, F@ 40 °C F | aowH ®
woifta o T &, guE S T % ol Afer it e B o AR afoe # s urg
F v ¥ ol S S 1 AwRE e Nu = 7 +0-025(Pe)*® 2, wi@l Pe fiaciz
H&A1 §, Pe =Pr-Re. 25 °C T R % 1rerd forer # -

p=13582 kg /m?3
Cp =140 J/kg-K
k=869 W/m-K
v=1.5x107"7 m2/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"7"m?/s

Pr=0-0248 10

SDF-B-MCHE/11 3 P30,



2. (@) () T 40 iR A ™ @G gy W@ () B & 50 m3 FN A w@ ¥ I AW
Wedet 1 &1 A1 T F 10 °C AHA W #) anft 2:4 kW I aren e = frn
1R SH W, 0-35 kJ/s F 3fwa A T () w9 N @ ) 8 WA
FH #F 7l 1 3aa aEE 20 °C 3R AR F ¥ 1 a9WE 50 °C B | A 1 AHE
au1 9 1 fafite SN e 950 kg /m 3 @un 2-2 kJ/kg-K #ifd | Rufor Hifd
A Foran 3 % = @ T 98 AW i e el ate @ e o gen @ A

TEAvEEE I 1 bar #1

() Toge werd % wgw Maw &3 ¥ qowE qon g@ Pl qoed w6 87 wifRe fag @
e forg % e 1 3 &7

i) A 40 litres electrical radiator (heater) containing heating oil is placed in a
50 m® 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 js 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.

(ii) 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) ARSI et § T 45° 1 AT TRI-TE, T T 600 mm 7@ A FHE R 300 mm
T SR ¥ | Y99 W A TE 140 kPa 791 Hig § WA-TG® W 0-425 m 3 /s &1 =601 1 1oy
A g4, e ER Hie W @ a1 Fo gRomH &fest 5@ o i |

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) T 1 mm =9 F foIq TR, 2 mm T Vf (k= 0-5 W/m-K) Wd @ &1 81 a8 & =
3R # 9 25 °C W 991 h =10 W/m2-K R 9K %1 q99M 100 °C &1 Ath ar @ a7
et F F GF Hl R U TEE g Ao AR At f g wife G F Rl
HAftrrad Fo w1 & ufd 3w i e fifE

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?-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. 10

3. (a) TH M T @ 9 H, UF ThA-UNE udes) aeiies A et 9y saed SiE #§ w6
Fl B voed w8 A Pl ™ N s wwe-ww T e # yaia dd § ) aefies @
14 kg i ¥%ve arg frfn A ewan 2, w@fs 98 4 1 (@l @ Gpl) T SEEE @
12000 r.p.m. # 7fd & F@ = W@ 2| Tl I Awim (vaw) T 25 °C 991 1-0 bar
&t s @Rt §1 0-9 w1 wdur uries, 1-04 w1 Wit FEw oniE au 80% hit wu-wiUE agal
(geqel o o anenfid) Aed g TUGR w1 n s e | gd-ofet 7 A afk R fom
T F T T ° w8 AW 50% @hEl $Uer d 8 W A g4 feRes H =
\TTea Te0s AieH HId | T8 §9 4 TR a1 foens @1 3l g8 efies & o vt st
difed | arerg T-s sma@ ft sifha Ffd |

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 1'0 bar. Assuming a slip factor of
09, a power input factor of 104 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. 20
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(b) T Wioward gm-urgy Fo fafawas fiemda 1 20 °C & 50 °C 9% ™ U @ T FA 2

()

(a)

g Bl &, S fo vaeht far Gl 2 cm =@ AfaEe § 80 °C W yawW war ® awn
40 °C W Frenfia Fa ¥ Fon fifmas f 0 @@ 60 m B ot A R (I )
HeIEd ST AW s 25 W/m2-K ® a1 5@ 0 3R (3t A Afers #) 160 W/m2-K
#1 o faformaes # o s X Feferd (i) frdt g & 9w (i) wRegm ¥ e e
A ) Aferenr # frerada it 2l afgEor oM 0-0006 m2-K/W & Sl #1 a1t ) Aferem
o a9 Sl o By

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/ m?2-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 mz-K/ W occurred on the glycerin side of
the inner tube. The thermal resistance of the inner tube is negligible.

TF HH1 Teitd = an 3R rfieRan aeEEl -8 °C a9 20 °C & #i" FE 8| W
H 3ydm # o1 aren FHfias R-134a R AU 9% GgH F9-aM & 7 R 81 wefiaes 6 owwn
0-8 kg & 71 Weftaeh Fom afgshor wfzean % o # €W 39 ¥ 9% F FA FE Haw 15 kJ
¥ S wEeH wisEn o aifeda €9 areh wefias < e % o # fuafon AR o @

~8°CW 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

he at -8°C = 204-59 kJ/kg

hy, at 20 °C = 180-33 kJ/kg

Hided, G371 91 S gl ) wEEd A iy g % 9 i g @, Y96 F g6 6
e e % ¥ 7 =9 e |

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) Teret 2ifia yare wrftes & T =00 ) wiafwEar-amn i afenfia SRR 9w 51 S @ wos

(c)

IO & TG H FHEH oIk bl FeAr i | T BRI 50% B, @ qmigd 6 am B
g €| T el varg wefted % R s B AR, R sfifrn-aen 50% % @ @
a1 w9-uis saar (Teel ¥ W i) U tE R 3H1 F S § 100% W FH 21
= % Tl T-s si@ aw 3 Bye i) o ol F w9 § oie o s # A
RA § fret yarg et fFg yeR seer €

(i) Fag fa
(i) ame
(iii) T T
(iv) VAfH 3=
(v) =Y AIHH
(vi) ¥fee qEE

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

(ui) Static temperature

e =1 wem an amdife yem wEE: 5800 K a1 2800 K F WM Hadl A9HH % Hien
IS F AaHe 7H 1 Hhd &) TR F g sm e i@ 0. 40 ym 0. 76 um F
T WaH TR W § Ay T g e THE W §1 AT (um-K) & FeH 6§
Fom fafeo e, f, & @ ool & Fm F o w1 wwa @1 FO iR wom, £
FIWFH G AOHA TR A =0 ¥ A 7% a0eed 9z # Iaafoia fafmm wa e g aoresd
W 0 W oo & Iralvia Tl faferwo it 6 3w 1 weffa e 2

20
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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 um to 0-76 um.
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 0 to e,

i fafmm wem, f
Blackbody radiation function, f;

AT (um-K) H AT (pm-K) A
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 0002134 7200 0-819217
1400 0-007790 7400 0-829527
1600 0-:019718 7600 0-839102
1800 0039341 7800 0-848005
2000 0-066728 8000 0-856288
2200 0-100888 8500 0-874608
2400 0140256 9000 0-890029
2600 0-183120 9500 0-903085
2800 0227897 10000 0914199
3000 0273232 10500 0-923710
3200 0-318102 11000 0-931890
3400 0-361735 11500 0-939959
3600 0-403607 12000 0-945098
3800 0443382 13000 0955139
4000 0-480877 14000 0962898
4200 0-516014 15000 0-969981
4400 0-548796 16000 0-973814
4600 0-579280 18000 0-980860
4800 0-607559 20000 0-985602
5000 0-633747 25000 0:992215
5200 0-658970 30000 0-995340
5400 0-680360 40000 0-997967
5600 0701046 50000 0-998953
5800 0-720158 75000 0:999713
6000 0-737818 100000 0-999905
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@Us—B / SECTION—B

5. (a) ¥egd 91 A I9ART Vel * aifed qoed w1 27 fafe It i wema 8 3 aifed qoest

1 8 W TR ST R7
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) ¥ F 20 mm F WfeE vom () 309 F1 F o fawht it =g Fuifa KA fof 4
a6 g w1 @ 99EE 270 °C 9U1 IENVSHE FE H A9EM 20 °C §1 aRHISH™
T@ 0-101325 MPa il | g1 & e aifirenafies fa f@ris 287 J/kg-K aun fawt i
% ford 255 J/kg-K 2|
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

(c) () T srEwve yeiea o % ol weftaen-srawies e & Fifea ot i afeoE S |

(i) T S-S sEEme e 93 F aifes au gue § Soard b ufefa B s
Ffeat (zifar) &2

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

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

(d) THo ¥Ro FoHi # dwfeush €6 % w9 H srewrgia % Iw@m ) fafira faftrdl =t wew % vl |
HeFIETel o S99 % ¥ Y TSIl au1 gl F i fafad)

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

() 1-033 bar @41 35 °C DBT T4 60% RH I aRAvecd a1g TF Aghiviiesh qihan 4 T51
@ ) i #, ag A fafie a5 gm/kg Y% 9 ¥ FA @ 0@ ¢ 991 9 F1 DBT
25 °C 7% 4 B W 8, Falh <" GHF @1 1§ Afw e § 9y i AnfEs S
a1 s HEfer | vA i g arsndite gl F I | T A

HgH TA-aTIHH ARV
arqaTT HgR T
T ("C) Fsat (kPa)
0-01 06117

5 0-8725
10 1-2281
15 17057
20 2:3392
25 31698
30 42469
35 56291
40 7-3851
45 95953
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6. (a)

(b)

(c)

Atmospheric air at 1033 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)
0:01 06117

5 0-8725
10 12281
15 1-7057
20 2:3392
25 3-1698
30 4-2469
35 56291
40 7-3851
45 9-5953

TF URA @E 400 r.p.m. W Id W@ ? qo1 98 9fa d%ve 99 var i ufd 566w w
75 kW 1 Wifth 1 39187 Al B | Terehi (Seiel) 1 e i 20° qen 9g ) 7l et 6
Tt & 1-4 A1 R | B 6 A T TS W BEAS FI A ATGH IR |

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-ffeet, IR-TE A THo Mg $9H Wl 3 3000 r.p.m. W 80 kW ®| T 0
e wEitad R T § a 9% qeml yiegi® %AY: 175 N-m, 170 N-m, 174 N-m
U1 172 N-m 8| 70 59 i 7fd W wamor S=ieq & fordt fafde §4m @9a 0-385 kg/kWh
21 ¥ =1 FE0 7F 44000 kJ/kg B 59 ) i q91 b ardig qeraneat i moEn HivE

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.

sy T & wunw FyEfere, ama grdied uefiad wonent #, R veR uw i suewm
TR 1 Hdt B | FIETeTeR! % forear Iur F &9 § 1 e aun gt 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?
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7. (a) T& |WI-¥E9 24 °C DBT 991 60% RH W T@1 71 &, vafs e sifes 3 9 8

are  aRfRufat : 38 °C DBT a1 28 °C WBT
FH H Gadt F W/ : 160000 kJ/hr

FH | T ST WK : 40000 kJ/hr

F 3a::f=2% 99 : 1200 m> /hr
IYFT I : 10 °C

Q-9 & gAafEier ag B amE Fa9 I 60% B AR EaiEfa ag, fiaem grecd @
et araggfer arg @ fufim £ S 2, 7@ f= 3@ Fifl

(i) haem Fueeh ¥ fFewen % o= au [ufefoa ag & fsw % q@ 9y 6 sEen
(i) |97 H W9 T & 4 qY Hl e

(iii) ¥iaem Fuec # wiag 89 areft arg $i 7

(iv) e Foeet w1 aE-a| Faet (o)

(v) |WI-5E § ASh T F ag H A

(vi) TR # fiaeH Fveeh 1 Tefiad 1

hrme (Rem) #1 & aia it aa sices ageriids T © afEn # i)
wrEnifes = & el % wEm it g R

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 m?3 /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 :

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

(ii) Condition of air before entering the hall

(iij) The mass of air entering the cooling coil

(iv) Bypass factor of the cooling coil

(v) The total mass of air supplied to the hall

(vi) 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) Tba T qon STy aTE Wit G % Wy s qen wifEl fRed
(i) T A2 am @ arfert 6 adfia asret i gen Hifve

ELEER! : 99 TE—1-4 MPa
(Fgen @) g 3w wfe el siEen saeR—10 kg
919 it oEE—O0-9

O A N AHAE—27 °C
A F1 FERI AH—34000 kJ/kg

arfeds 2 : 99 g&—1-4 MPa
(71 saferd) A9 Iq1eA ufd el od Saem—14 kg
w19 Y araeen (wfaew)—240 °C
WU ST 1 a9R—27 °C
4 F FAR TH—46000 kJ/kg
= stfwret =1 swEm il -
14 MPa ® 99 % fel@—
Rfims = 2903 kJ/kg, 240 °C W
h; =830 kJ/kg
hp, = 1958 kJ/kg
T 5@ i fafde 3= = 4-1868 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—
Rgsuperheated = 2903 kJ/kg at 240 °C
hy =830 kJ/kg
hg, =1958 kJ/kg
Specific heat of feed water = 41868 kJ/kg-K

10
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(c)

8. (a)

(i) p-6 HAE = WEHT ¥ Tho AFo Tl & ATTHIA F THATH |

(i) THo 3MMFo 5! ¥ HYEHRA W Wfled FIUM qU AR W AHM F W@ Hi ==
#$ife)

(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 i 22 1 3@ # oR 9@ & g™ a9 grfied wefiaq <% 6
SAfirreq i 7§ ¥ 1 =1feas awn gufE § Ggw qOWE %EE: 5 °C a9 40 °C B 1 wefias, afes
Y et o wedtes o wgw 9 F &9 § wlw @ 21 weiiaes, dufE @ e s s
¥ araefiael 39 % §9 ¥, 5 °C ¥ Hayiided & @, e ga B wias & ol a6 fafie
F1 0-65 kJ/kg-K a1 5a i fafire Fo1 1-1 kJ/kg-K B1 T Ffd (i) wefiae <t @m0

TER R (kg/s), (i) FeaEa s (COP) qun a0 -u=ifus writes wie U (i) daie § wmft

T8 o | e sifwst = swEm il

Tsat (°C) | Psat (bar) | hy (kJ/kg) | hg (kI/kg) | sy (k3/kgK) | sg (k/kgK) | v, (m3/ke)
5 5836 205-9 407-1 1-02115 17447 0-0404
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 (iii) the heat rejected in the condenser. Use the following data :

Tsat (°C) | Psat (bar) | hye (kJ/kg) | hg (kJ/kg) | sy (kJ/kgK) | sg (kJ/kg-K) | 4, (m3/kg)
5 5836 2059 4071 102115 17447 0:0404
40 15:331 249-53 4164 116659 169953 —

(b) () T APE-Ed ge, W e T IgIm F W FW R W R, & AE I

afadd ) aegEd |
(i) B Gl B GEEA ¥ Ch W9 & F IwAE At frgra 6 =i fifsd )

(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) 3mext It <k W FTE T T F1 wRfiS IO 15 ¢ 1 ) wehied 9 ¥ awoew F A @
A 27 °C 8 91 39M § oA ag-§vA 1 3@ 35 : 1 ¥| 9% ) aY-AHE a5 I
s | 97 1 FA0 99 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
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