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MECHANICAL ENGINEERING (PAPER-II)

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 rernalnmg, 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 medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly iﬁdicated
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 meaning.

Attempts of questions shall be counted in chronological 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. (a)

(b)

()

(d)

(e)

2. (a)

©TUs—A / SECTION—A

et 3w A Feb & TR (S) % Ry i s 6 st R
(30
as=(F)

Derive an expression for entropy (S) as given below

as-(29)
T rev

for a closed system undergoing a reversible process.

rev

aﬁﬁ%aﬁaﬁwamsﬂ%%ﬁﬁmﬁﬁ%ﬁaﬁwﬁmﬁwwwwaﬁ@ﬁ

* T forg W P, I w0 @ FA: 30 m, 50 m/s 9o 50 bar 3| AR 86 wa
1000 kg /m® &, @ 38 59 & wf 35 wen F Rore vyt s A I DR

Write Bernoulli’s equation and the conditions for which it is valid. If a fluid °

obeying Bernoulli’s equation has elevation, velocity and pressure at a point as
30 m, 50 m/s and 50 bar respectively, calculate the total energy per unit mass
of this fluid if its density is 1000 kg / m?3, '

TGS W HRE WA B T 4 Bl §7 Ar wen & faf, <ol O o 5 il ety
HIfSr | : '

What is the effect of Mach number on the compressibility? Derive an
expression for pressure coefficient in terms of Mach number.

= % e fem ) s AR gd @ fad e @ 5780 K aTeft S wma gu
38 TR e AR e W oseh Saght seas wfe sl dn)

Explain Wien’s displacement law. Assuming sun to be a blackbody with a
constant surface temperature of 5780 K, calculate the wavelength at which it
will have the maximum spectral emissive power.

T e ard wefie wefted s o) fafie wfeaedt o sifi qmedt # wefias € iR
e wgd W # 74.6 kJ/ke, 185-4 kJ/kg 91 208-0 kJ/kg 2| 9 ysfigs
W 9918 € 30 kg/min &, <l =15 % Wit =4 qo1 Aeared % (COP) i o ik |

In a standard vapour compression refrigeration cycle, the'speciﬁc enthalpies of
refrigerant at the end states of different processes in ascending order are
74-6 kJ/kg, 185-4 kJ/kg and 2080 kJ/kg. If the mass flow rate of refrigerant
is 30 kg/min, calculate power consumption and COP of the cycle.

%W%mmw_w%w%aﬁﬁwaﬂmmmm
%Y ¥ o I F au A 2

Prove that the cyclic integral of ratio between heat transfer and temperature of
any thermodynamic process is less than or equal to zero.
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(b)

(c)

. (@)

(b)

(c)

Th SN @2 UEY 61 3N o™ 15-4 cm a1 @& 3-2 m 21 10-2 cm 3=l
S A1 4 - 8 m T a1 GO 9159 1 39 U139 % Rt W dved o man §1 w0 = ae
qIgd # 224 m TEUE T 22 °C H IH WU ¥ I 6 FW 242 kPa 9 g WA B 92
S I 9159 I dell W 98 9l Fol 9@ bl FeRferd |

A pipe having 15-4 cm inside diameter and 3-2 m length stands vertically.
Another pipe having 102 cm inside diameter and 4- 8 m length is welded on
top of this pipe. Water at 22 °C fills the smaller diameter pipe to a depth of
2-24 m. Above the water is air under an absolute pressure of 242 kPa.
Determine the total force on the bottom of the larger diameter pipe.

TF 1 A & Has W™ W 550 m/s B fd A v&w Rt & q9r 120 m/s h e @
et Trenerdt €1 Tl 1 5.1 kJ/kg 7 1 AT s T R giE werhl % 9w § @ St 2
Ifd 9 ya® «® 98 kg/min &, @ wiit 3cared Fefer )

"Hot gases enter the blades of a gas turbine with a velocity of 550 m/s and leave

with a velocity of 120 m/s. There is an increase in the enthalpy of the gases in
the blade passages to the extent of 5-1 kJ/kg. The rate of gas flow is
98 kg/min. Determine the power produced.

T g8 H T 9 atfrers yam@ @ % o widt afeds % e ) sty SR wEw &
94 HTE HEA % WY (TH SRE % ®9 H) 39 G uRedy ) vafr (3uhi) qmien
Derive an expression for entropy change across a normal shock wave occurring
in a nozzle. Show the trend of this entropy change (in the form of a diagram),
with respect to the Mach number value before the shock.

Th G A1 Auflad! wae Fom % g s @ afenfe HifE 100 kPa, 27 °C @
500 kPa, 117 °C T dIgAYSH d1g SUREdHE &9 ¥ T wrfigs gl gafifeq &1 s @ 2,
ﬁ%mwmﬁaﬁﬁw%lvﬁamﬁv&aﬁqaﬁmm@,ﬁ
Teretom wrdfifed arg % fo atavas ~man w@ # e S

Define availability of a closed and steady-flow system. Atmospheric air is
compressed steadily from 100 kPa, 27 °C to 500 kPa, 117 °C, by a compressor
that is cooled only by atmospheric air. Neglecting kinetic energy changes,
determine the minimum work required per kg of air compressed.

o T sfiart s T 8, s\l m,Cp, o =, C, p #, Wliia BRE R
In a balanced counterflow heat exchanger, where mCC
that—

() Tt aft=dg & fIC AT, = AT, = AT;
AT, = AT, = AT at any section;
(ii) <HI Tl F Y TEH NEEE AR 1§ WA §)

the temperature profiles of two fluids are parallel and linear.

p,c = mhcp,h, show
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4. (a) @ﬁqﬁwmﬁﬁqﬁﬁ 1, Cp h =0-5mccp,c%mﬁ o St el o A T
wH: T O TR Ty T TR Th o = ¥ wRoEE e e wardl I
FrfmEs & M%Wmmmaﬁrﬁﬁa‘cﬁsﬁﬁﬁqmnﬁaﬁwww

T, o 31 A% Th,i ~150°C, T, ; =30°C @0 T, o =90°C 3, @ 3@ AgId 1 T
S| |

In a double-pipe heat exchanger, M Cp n = 0-5mCp, ¢ The inlet temperatures
of hot and cold fluids are T, ; and T i Determine an expression, in terms of
Th,i» To, i and T}, o for the ratio of area of counterflow heat exchanger to that of

parallel-flow heat exchanger, which will give same hot fluid outlet temperature
Ty, o- AlsSO find out the ratio, i, = 150°C, T i =30°C and Ty 0 -g0°C. 29

(b) 100 cm S8 a9 25 cm%ﬁ@éﬂﬁf@ﬁﬁt@tﬁ 25°ca1t«ﬁa1§qv€%ﬁﬂar§ﬁmﬁa
(exposed)ﬁmwﬁlﬁﬁﬂﬁ%ﬁﬁw95°C%lt@2ﬁﬁﬂﬂ‘§@i€ﬁaﬁﬁm
aﬁﬁﬁw@wﬁc@zﬁéa@ 50 cmﬂﬂ'ﬁﬁﬂﬂ%‘vﬁ%’fﬁwé@ om &G ¥, A

mmﬁﬁqﬁaﬁqﬁm@%ﬁi
ﬁﬂlwiﬁm:{q?ﬁ’laﬁﬁﬁ:

Nu=0-59 @Gr- Py % 2° =k Gr Pr<10°
~0.10 (Gr-P® 3 Ak Gr-Pr>10°

mg%gﬂmﬁ B
p=1-06kg/m3
Cp=1004J/kg-K
k=0-020W /mK
v=18-97x107° m? /sec

A hot plate of 100 cm height and 25 cm wide is exposed to atmospheric air at
25 °C. The surface temp.eratlire of the plate is g5 °C. Find the heat loss from
“both the surfaces of the plate. Also find the change in heat loss if the height of
the plate is reduced to 50 cm and the width is increased to 40 cm.

Use the following relations :

Nu=0-59(Gr-Pr)0'25 i Gr-Pr<10°
_0.10 (Gr-Pn® % if Gr.Pr>10°

The prope;‘ties'of air are :
p=1-06kg/m3
c, =1004 J /kgK
. =0-029 W / m-K
y—18.97 x107 ¢ m? /sec | 15
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(c)

(@)

(b)

(c)

wm@aﬁ%%%ﬁmmwmmwmwmﬁsﬁmﬁ?aﬁﬁ,w
ﬁwﬁwﬁtw@ﬁﬁﬁm@%ﬁmww@%waﬁﬁw
e Y arfea B Fe ¥ R wreme

Do you think that velocity boundary. layer‘ and thermal boundary layer depend
on Prandtl number? If yes, explain properly. Also explain, with the help of neat
sketches, the significance of relative thickness of velocity boundary layer and
thermal boundary layer for the following :

() & ug / Liquid metals
(@) 9« / Oils | 10

TUS—B / SECTION—B

Explain Kelvin-Planck and Clausius statements of the second law of
thermodynamics and prove that both the statements are equivalent. 10

SIW%Wﬁmmmﬁmmﬁwwmam%?

How do the following parameters influence knocking in SI engine combustion?
() 399 1 E-TSaeM qaae
Self-ignition temperature of the fuel
(i) 9G-FEH U
Air-fuel ratio
(iii) EfE | aga
Dilution by residual gas
(iv) die=sIieq ity areg
Shrouded inlet valve
(v) <= ®Y 3firmey

Combustion chamber design 10

@%ﬁﬁwﬁﬁ%mcw%wﬁnﬁaﬁ“mﬁaz m g | SR A0 H AOHA 28 °C 2|
ﬂsﬁﬁﬁvﬁmﬁwﬁa@wﬁwqﬁ@ﬁa@f%@ 17 kg 31 T FiR—

Hot gases inside a chimney are at 430 °C and the chimney height is 32 metres.
The temperature of outside air is 28 °C. The furnace is supplied with 17 kg of
air per kg of coal burnt, Calculate—

() ¥ ¥, mm #;
draught in mm of water;
(i) @ G A v I, m )
draught height in metres of hot gases. . 10
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(d) 39-99 T (sfto Ho Tho) =l A1 wrfehal &7 T a0 Fueeh & forw 39-99 1o % e A

(e)

S FIR| W Fosel i agar & =iww F N 3@ B0

What is the significance of by-pass factor? For a heating coil, derive an
expression of by-pass factor. Find the expression for efficiency also for heating
coil, _ _ ,

T Tl e A il o ST W I T e T, qU9Hl | 39 a® g § 5
T > T, . A e & AR T a1l e 1, a9 7, A, T FWT =AwAT k&Y, d wag §
ﬁmﬁmwﬁa%ﬁ%ﬁ%aﬁﬁ%w@mawmﬁwm
IEAMEH 6t FHed1 hHifor | :

Inner and outer surfaces of a spherical shell are maintained at temperatures
T; and T, respectively such that T; > T,. If inner and outer radii of the shell are
r; and r, and its conductivity is k, derive an expression for the rate of heat
conduction through the shell. Assume steady state and no heat generation
within the shell. '

6. (a) TF 4-Tr, 2—%@%?&3%@%%%%&1@:

=7 €% - (91) = 60 cm
Tafevet =1 s = 40 cm
59 &I T = 250 r.p.m.
Hiod w1 gt g = 8 bar
H B AF WRE = 220 kW
%99 6 @Id = 80 kg/hr
gt 89 W ST AF = 43000 kJ/kg
SO 1 BRGSH AW = 13% a9l Y FHEa
- 9 @9d = 30 kg/min
M 91 @&RT = 90 kg/min
e St F qoe # gfg = 38 °C
e fier % oy v 3 = 45 kg/min
e 9@ & qomE F gfy = 23 °C
S C, = 4-18 kJ/kg-K
A o i C, = 2.2 kJ/kg K
WA A Cp, = 141 kJ/kg K
Ay STefemy Cp = 2 kd/kg-K
SIEETT 6 W FS = 2520 kJ/ ke
T T W AHA = 450 °C
TIASHE TUHE = 27 °C
In a 4-stroke, 2-cylinder diesel engine, the following data was collected :
Piston stroke = 60 cm
Diameter of the cylinder = 40 cm
Speed of the engine = 250 r.p.m.
Indicated mean effective pressure = 8 bar
Brake power'of the engine = 220 kW

A HRS H NTFZ[36 6
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Fuel consumption = 80 kg/hr
CV of fuel used = 43000 kJ/kg

Hydrogen content in fuel = 13% and reinaining is carbon
Alr consumption = 30 kg/min

Cooling water circulated = 90 kg/min

Rise in temperature of cooling water = 38 °C
Piston cooling oil used = 45 kg/min

Rise in temperature of cooling oil = 23 °C

C, of water = 4.18 kJ /kg-K

Cp of cooling o0il = 2.2 kJ /kg-K

of exhaust gases = 1.1 kJ/kg-K

of superheated steam = 2 kJ /kg-K

Latent heat of steam = 2520 kJ/kg

Exhaust gas temperature = 450 :

Ambient temperature = 27 e

o fire fe afet oo SR

Find the following quantities per minute :
-(i} I S Wfts (BP) # qRafiy s

Heat converted to useful brake power (BP)
(@) e 5@ 5R A T sy

Heat carried away by cooling water
(iii) e = gy &ft T wey

Heat carried away by cooling oil
(iv) T W=7 M6 3R ot 8 s

Heat carried away by dry exhaust gases
(v) ST % fre § wy g

Heat carried away by steam formed
(vi) 399 3T Huf| sy

Heat supplied by fuel

W%wwwﬁm%mmmﬁ@mwﬁmr

Draw up also a heat balance sheet on minute basis and percentage basis. 40

(b} HTERET S9e SI $5H & T $ aop A W Ysael (ignition) forg, Sqem (combustion)
g, swrar @, SV TR A S SEi Y qyiEy |

In the pressure crank angle diagram of normal combustion SI engine, show the
point of ignition, point of combustion, angle of advance, ignition lag and
‘combustion period. 10

T BRE M NFTFH 36 7 | (E-T.0.



7.

(@)

(b)

T-s 3@ & el ¥, FH1 a2l U=+ a9 96! 4 9 il W =% & g fafgd qo
T S I % S hl Ty It |

With the help of T-s diagrams, differentiate between Carnot and Rankine
vapour cycles. State the advantages of Rankine cycle and derive the expression
for its thermal efficiency.

T TYh o6 Y T3 WORT (YRT) 99T 9IS SRl W UG 8| B 98, 9T 9% % S0
Fearifya fora 8, <0 f6 e <t frfw @M 40 bar @@ 400 °C (R =3215-7 kJ/kg
A s, =6-713 kJ/kg-K) T 40 °C % FoF THH T @1 21 WHG % 0-2 bar
I ¥ T S a1 T d Sl % a0 3G W S EE B % T wges adl &1 e
@ # Wt 10 bar W GgW 919 & €9 § UM B ¥ Wl g gt i oaen % fag
gig=lid ol & g ot 30 fEenutd = il gaar &t o il

QW ATH{ a1 9T 6 TOe §

P T Tt (kJ/kg) wzidt (kI /kg-K) | fafe sme (m® [ kg)
(bar) | (°C) ‘

he hy sf Sg vr Vg

10 515-5 | 72-23 363 01478 | 0-5167 | 80.5%x10°© 0-0333

0-2 |277-3| 38-35 | 336-55|0-0967 | 0-6385 | 77.4x10°® | 1-163

4 0-074 40 167-5 | 2574-4 | 0-572 8.258 [ 0-001 19. 546

A combined cycle power plant operates with mercury and steam cycles.
Mercury cycle is superimposed over the steam cycle operating between
boiler outlet condition of 40 bar and 400°C (h=3215-7 kJ/kg and
Sq =6-713 kJ / kg-K) and condenser temperature of 40 °C. The heat released

by mercury condensing at 0-2 bar is used to impart the latent heat of

vaporization to the water in steam cycle. Mercury turbine receives mercury as
saturated vapour at 10 bar. Calculate the mass of mercury circulated per unit
mass of water and the efficiency of this binary cycle.

Properties of saturated mercury and steéam are :

p T Enthalpy (kJ/kg) | Entropy (kJ/kg-K) Sp. vol. (m*> /kg)
(bar) (°C)
hy hg =f Sg by Vg
10 51545 | 7223 363 0-1478 | 0-5167 | g0-5x10°© | 0-0333
Mercury
0.2 |277-3| 38.35 | 336-55| 0-0967 | 0-6385 | 77.4x107° 1.163
Steam | 0-074 40 167-5 | 2574-4 | 0-572 8.258 0-001 19-546

GRS N ANTFFEG] 36 ; 8
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8. (@) 15°C DBT 7w 8oy HfEE A R 100 3 I WG B g3 ww @ o o

BELIERC R Y 15°cam22°cmﬁww$rﬁqmaam:o-017bar
@& 0-02645 bar%la@ﬁn%fﬁqzam%awﬁwﬁma%a:waw
=1-013 bar fify3

(b) @mm&ﬁ%wﬂﬁma@wﬁaa;so tonssmﬁﬁqmwélmﬁmsﬁ

The quantity of ajr circulated in the System is 100 kg/min. The compression
and expansion follow the Jaw pvtsd < constant. Take Y=1-4 and

Cp =1kJ/kg-°C for air, . 25

* ok &

S HHS 1522 36 ; 9 : BS4-—300
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MECHANICAL ENGINEERING (PAPER-II)

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 ciearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No marks will be given for answers written in 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 chronological 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. (q)

(b)

(c)

(@)

@Us—A / SECTION—A

& FH 9 § F 480 °C | ¥ &ft & 3t 40 °cmm3ﬁaﬁ%lwﬁwfﬁmﬁm
0-0785 kJ/kg K =g wrdt 81 it o Frg o o &l w1 fufor Hifswy

In a Carnot cycle, heat is received at 480 °C and rejected at 40 °C. The entropy
of the sink increases by 0-0785 kJ/kg K per cycle Determine the work done
per cycle.

T T 1, T TF Bga-uF M9 w@m vvn ) ww e g, 3 g waa 7, @
ﬁnmmaﬁnﬁaﬂ%mmmqi" ax &1 3R TfiET iRy & fore < o )y, A, @

%A 1, -1, - Tma" & fou dim w0 @+ =nfew?

min

T FE H Teeies fifm ot wer A fF Feftia wg o et i Ry

An open-cycle gas turbine plant with turbine efficiency 1, has a compressor of
efficiency 1,. The minimum gas temperature is T, ;, and after heating in the
combustion chamber, its temperature is Ty,,. If the pressure ratio for
compression and expansion is r,, what should; be the limit for the product

T,
.nc . Tl: . Tma.x |

min

Neglect pressure losses and assume that working substance is a perfect gas.

@mﬁﬁaﬁ_,mmmas%qﬁmﬁfﬁaamwﬁﬁq:
_Pil= 2Y MZ_"!‘“I
Py v+1 * y+1

wEl x ot y W A vw 3R 9 I s €, y ffiw semsit w1 ogum § ot M &% e
!

Derive the following expression for normal shock in an ideal gas :

Py _ 2Y 2 _y-=1
- = X
Py v+l y+1

- _
where x and y are conditions before and after the shock, ¥y is ratio of specific
heats and M is Mach number.

A WE TR F I (i) oo o meen ffee dees (Rom wies)
Ireaishard O0-8 3fit 0-5 I @ w3 vt F fiw 3 T vov W R I B 9@ F 92%
T T A=W X H FH wA & fore afmw afwem A scosiwar @ Fator iRk

A thin radiation shield having equal emissivities on both sides is infroduced
parallel to and in between two large planes with emissivities 0:8 and 05
respectively. Determine the emissivity of the radiation shield to reduce the heat
transfer rate by 92% of the original. '

G-DRN-N-OFFT/40 2
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(e)

(a}

(b}

& W wrae R % el ot et gut % dvwa w125 m2 3t 025 m?2 ¥
fiferet A Wiz 10 em 3k fiferer awg A =0 T@wT 50 W/m K 21 78l w 100 °C
A o & fore, Rifdret A @ Brew S s wiew i) vaw WS @ s S

The outer and inner surfaces of a thick hollow cylinder have areas 1-25 m? and
025 m? respectively. The thickness of the cylinder is 10 cm and the thermal
conductivity of the cylinder material is 50 W/m K. Find the radial heat transfer
through the cylinder for 100 °C temperature difference at the surfaces. Derive
the formula used.

T Fert a1y wfter (R wi FW) %1 3 mP & R 1 bar 3k 30 °C w I
B WA F o s B sman 1w 1w pol? = const. ¥ gr e @ 21 R
A & T TSR Ry IR 9 §) @ # 9y % e geme W g w6
g 4 B Pafaflas w6 i .

A reciprocating air compressor is used to fill rapidly a3 m? tank at 30 °C and

1 bar. The filling process is governed by pv'® = const. The effects of kinetic

energy are negligible. The ratio of the final to initial mass of air in the tank is 4.
Work out the following :

(i) T F @t TR R P e enisg)

Draw the system and show the control volume.

(i) T ArEd i g s

List the assumptions made.

(i) AR T 2&W 90% 7, A Thew F: w1 372 fram gm?

What would be the work input to the compressor, if mechanical efficiency
is 90%?

1200 r.p.m. W IO §31 Th b1 @fies g 9 F 800 m 3 /min TR Fta 21 a1y
0-84 # TR 2@ & @Y 1 bar, 30 °C ¥ 4-8 bar 7 TiifEa i oA B e &
e frim (eneae) W fiww € aft 80 m/s % wang A ®t R wre rafaida qmy s wewa )
TFIeR @i el Bem 3wl ficd e @ A ) Wi e (R ) # 0-9 w1 S g
3| T AIFA TNH T4 W 0-9 F TR 2

A centrifugal compressor running at 1200 r.p.m. delivers 800 m?3 /min of free
air. The air is compressed from 1 bar, 30 °C to 4-8 bar with isentropic efficiency
of 0-84. The impeller blades are radial at outlet and the flow velocity of 80 m/s
may be assumed constant throughout. The outer radius of the impeller is twice
the inner. The slip factor may be assumed as 09. The blade area coefficient is
equal to 0-9 at inlet.

(i) TR & fore wam afr frim a1 st smme offt wrm & © T-s M@ W gEige)

Draw inlet and outlet velocity triangles for the impeller, and show the
process on a T-s diagram.

10

20
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(i) 9T T 2E 95% B, @ AEF T Wit H i R

Calculate the input power needed, if mechanical efficienicy is 95%.

(it} waw 3R frfn | grer =m =1 qiera fifm)

‘Calculate the impeller diameters at inlet and outlet.

(i) 9 R R AR fans (Rwpr) e S = afwer il
Calculate the impeller and diffuser blade angles at inlet. ' 20

fcj) 500 kg/min % T ¥ TaEAH dl & HJW a0 W, a7 Uk F= fafmfim 1 4 355 K ®

AN FT ¢ 3R 9% 3R & W ], W 98 3600 kg/min F w W 81 STt § $91 & S

¥ 1 286 K W gArwR-ya1g s ffmii & vl Toft # waw wan }1 98 At 9o g¢

- o6 wuw S s qUiE 475 W/m 2K 2, 3 ) qw I (99 @) 600 kJ/kg K &, @

| 25 mm =A™, 2 mm AR 3R T=E 4-87 m I Beeht At i swexa @vlt? 3 sl

| W@ WA 2 m/s A R A R, @ aeh we ) den wo@h? sw % R, #
418 kJ/kg K ¥ @ % ¥ 9 1000 kg/m> sifm)

The vapour, at the saturation temperature of an oil flowing at the rate of

500 kg/min, enters a heat exchanger tube, at 355 K and condenses while it is

cooled by water flowing at the rate of 3600 kg/min entering the concentric tube
of a parallel-flow heat exchanger at 286 K. Assuming overall heat transfer

coefficient of 475 W/m?K, latent heat of oil as 600 kJ/kg K, calculate the
number of tubes required of 25 mm outer diameter and 2 mm thick with a
length of 4-87 m. What will be the number of tube passes, if cooling water
velocity should not exceed 2 m/s? Take Cp, for water as 418 kJ/kg K and

density of water as 1000 kg/ m>. 10

3. (o) sfFEw A ¢ AEiw iy o s w0 g el wrae = fi dd ) 2g@ n & g o
. TR SR I
" TEMH 9 p, s Wt p, w3 o, ﬁHEFTWI'HD famsta Q
Using Buckingham’s n theorem method, derive a relation for the efficiency n of
a fan which depends on the following parameters : 20

Mass density p, Dynamic viscosity p, Angular velocity , Diameter of the
rotor D, Dlscharge Q :

(b) awmaéAaﬂIB,m-wmﬁﬁgé,m%mm mm 3N T
1 mF, Wy F a6 €, e @ 100 °C W oS war wn 81 B8 % s
20 °C T Tav 3= arg & fiR gu 31 e S & 9 931 B w1 & ar-Ue =e W 9E
T foR AMUR 98 | |WHN: 15 cm 3R 7-5 cm fEfod W 9 A 3R B & 9§ qm s )
gfe A 6 gt e geara @ e sen e 60 W/m K ), @ 98 B @l I8 Ireiwdl
7 A7 afirde i gEfl sew m fF 9 & fae ofma dew e (FRawE
FefSRNGE) 5 W/m2K 21 31 A oft B % for o ofawor Y W 1 I W SR

G-WRN-N-0FFH/40 4



Two long slender rods A and B, made of different materials having same
diameter of 12 mm and length 1 m, are attached to a surface maintained at a
temperature of 100 °C. The surfaces of the rods are exposed to ambient still air
at 20 °C. By traversing along the length of the rods with a temperature sensor,
it is found that the surface temperatures of rods A and B are equal at positions
15 cm and 7-5 cm respectively away from the base surface. If material of A is
carbon steel with thermal conductivity 60 W/m K, what is the thermal
conductivity of rod B? List the assumptions made. Assume that the average
convection coefficient for air is 5 W/m2K. Find the ratio of rate of heat transfer
for rods A and B. 20

fc) I X & AR N H & fadw aen & w1 2, 9@ 9% & T@ 100 kPa 3 o
330 KAA A G 3= & ¥ 4 3% X d wlt frm & w1 5 770 9% R wman R, R w0
FgH 500 kPa § STl 8 3R 919 3ga 900 K 8 w1 81 o9 361 & X ol Y R ww e
o aTell et & g S fm S #1 @@ wEeR e g T e omed R ot aR am w aw
o wie fon e @ @ o 5 wemen 78 ww A R, 6 3 ¥ smed @ e,
arTEE a9 3 e Hem i) 3% Fwnifta §1 e & frg, At R = 0296 kJ/kg K
M C, = 075 kJ/kgK.

A certain amount of gas is filled in a tank X until its pressure is 100 kPa
and temperature is 330 K. In another tank Y, 5 times the weight of gas in X is
filled raising the pressure to 500 kPa and temperature 900 K. Both the tanks
X and Y are now connected through a tube having a valve which is closed.
Assuming the gas is ideal and if the valve is opened till equilibrium state is
achieved, find the ratio of the volumes of both tanks, equilibrium temperature
and pressure. The tanks are insulated. For the gas, take R = 0:296 kJ/kg K
and C, = 0-75 kJ/kg K. 10

4. (a) %N, T& Taci §9OR Al 20 mm =@ & 7@l § 77 K ® yaw Fdt ? i smftafda w9 @
gt 31 Al o aredt gy hit seaeeal 0-02 21 58 It B 50 mm Hfialt s A ww = T,
Traehl sfiatt g8 it Sosiwa 0-05 B, F A=t Gahesa: (FRmel) @ fa wmn 21 sl Tl
& il g8 &l 300 K W I T S @ ofR AR F @9 F omww w wreh = R s
81 9t R wfd 31§ T | Fa N, g/ YW Fs H Frafo A

72 <1 981 W Irasiwar 0-02 wTeft gaeh dan hit o il dics @t fiad oft seh At &
T Hasd: S o I, @ TR A 3G 3 eI W RS N, R 9w e # wlew
afads &1 i hifsy

Liquid N, enters a thin-walled 20 mm diameter tube at 77 K and flows steadily.
The outer surface of the tube has an emissivity of 0-02. This tube is placed
concentrically in another tube of 50 mm inner diameter, whose inner surface
emissivity is 0-05. The inner surface of the outer tube is maintained at 300 K
and the space in between the tubes is evacuated. Determine the heat gained by
the liquid N, per unit length of the tube.

G-DVRN-N-0FFB/40 S [ P.T.O.



(b)

(c)

If a thin-walled radiation shield with emissivity 0-02 on both sides is inserted
midway concentrically between inner and outer fubes,’ calculate the % change
in heat gained by liquid N, per unit length of the tube.

& el & AW 05 kg/‘sﬁa{%aségq@maﬁ, 180 °C & a4 W F&A¥ F 3K
80 °C % ™ R a1e Feer arelt f i 5w, 30 °C # 60 °C @ i fr s 31 W@ 3R
W # [l sond (Dfafss @) 4186 kJ/kgK IR 108 kJ/kgK ¥1 werdt #

TREd 3 20 °C % wfEw ¥ ufdeh am F fw e st # fy w aferem A

A fluid flowing in a tube at the rate of 0-5 kg/s is heated from 30 °C to 60 °C by
hot gases entering at a temperature of 180 °C and leaving at 80 °C. The specific
heats of the fluid and gases are 4186 kJ/kg K and 1-08 kJ/kg K. Calculate the
change in entropy and increase in unavailable energy for ambient temperature
of surrounding of 20 °C, ‘

T T faga-9% 9 ams w99 § 99 1 bar, 288 K W W% Ftdl # 3K 34&! 2 bar 0%
wdifea form e ) 30 8 T G5 He S9N w0 W 9F e o TR s R, et
! 1700 K % a0 g 7 fohan s € o f 9 e § wam et @ iR argree 9
7% fowrfa Bt 21 wRE 3l FErT o aadie eaard wHn: 87% 2R 88% B wgd A
(Frareet) ofit o fafmfi, v &Y 3w 0-97 1 767 F § ¥ &M 0-4 bar 1 &
70 ol fagg 350 MW R 1§99 % el 7 42 MJ/kg R mm dife e, =

cpgas

= 1005 kJ/kgK 3Ry = 14 3

In a simple open-cycle gas turbine plant, air enters at 1 bar, 288 K and is
compressed to 2 bar. It is then heated in the regenerator before entering the
combuystion chamber where it is heated to a temperature of 1700 K and then
enters a turbine and expands to atmospheric pressure. The isentropic
efficiencies of compressor and turbine are 87% and 88% respectively. The
combustor and heat exchanger efficiencies are 097 each. Pressure loss in the
combustor is 0-4 bar. Power developed by the turbine is 350 MW. Calorific

value of fuel is 42 MJ /kg. Assume Cp, . = Cpgas = 1005 kJ/kgKandy=14.

(i) T H HHSIT ANG (A TRUH) FARY 3N Tos ITRG T WA ! 13T

Draw the system flow diagram and show the processes on a T-s diagram.

(i) A I feF B 5EAR 6T | A Ff
Find out the mass flow rate of air and fuel.

(iii} W AW A Hifsg)
Find out the work ratio.

fiv) FHE qem wem A f
Find out the thermal efficiency.

(v) Tafee du wug oe@m fikm)

Find out the specific fuel consumption.

C—TDRN-N-OFFB/40 ' 6
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Wg—B / SECTION—B

5. {a) TF3WW$wC, H, ¥ 36 & 3R & ffafm doe & dun 5w sl v g 9w
™R
CO, = 80%, CO = 0:9%, O, = 8:8%, N, = 82:3%
x Ty & A7, TY-$ QU o wgw sl arg A wimeen w1 futo g

The products of combustion of an unknown fuel C xH, have the following
composition as measured by an Orsat apparatus :

CO, = 80%, CO = 0:9%, O, = 88%, N, = 82:3%
Determine the values of x and y, the air-fuel ratio and % of excess air used. 10

(b) Torft T A % el ag a0 W AT & e w1 Fufon, gerem A @ & w9 8, fif)

Determine the expression for the ratio of chimney gas temperature to outside
air temperature in terms of mass flow rate. 10

(c) wiefshen <tame & wh SR A, W 1 TW 34 kPa (v, = 465 m>/kg) ¥ 3 yrwa 37w

(g53% Fam) 0:95 B1 36000 kg/hr  warg &t & fu, e 950 kW Rwfm &t )
@A 3600 r.p.m. T Ted & 3N Y8 F AW, =iz a7 H 0-72 T ¥ B AR Jz A+
wiel & Fie Fw 20° 81 T aEen WA AR W AR St B Fnnd wwem Fifvw

At a stage in a reaction turbine, the pressure of steam is 34 kPa
(vg = 465 m?3 /kg) and dryness fraction is 0-95. For a flow rate of 36000 kg/hr,
the stage develops 950 kW. The turbine runs at 3600 r.p.m. and velocity of flow
is 072 times the blade velocity. The outlet angles of both stator and rotor

blades are 20°. Determine at this stage the mean rotor diameter and height of
blades. 10

(d) ThF amgger ot Wiifas waAl @ s e s aea 2, Safe S aig wiew (FER)
Fad T i wrl 4 fue ey o wd 81 auegn, w61 H A Iewn § mite v
W TR

Mechanical air-conditioning can be used in all geographical locations, whereas
desert air-coolers can be used only in some geographical locations. Explain
why. Show the processes involved in both these equipments. 10

fe) U TR A9 JFEM F forw HiY Aga vfdy auw F U ® s S0 9w (e w) @
TR HAT IR (qHieEAfiRe) WvVEE | gEesY, w6

It is thermodynamically advantageous to employ a heat pump rather than
employing a direct electrical resistance heater for a room air heating
application. Explain why. 10
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6. (a) TH 2-W% dd 399 I $all TH 44000 kJ/kg ¥ $49 3@ & @19 20 °C % @ @1
(&0 ) w wge frn mm Prafafea sfwel =1 g@me @ gu gha ot oF of,
aﬁmm%mammqﬁmﬁﬁqwmwwm

faferet @R = 20 cm; Wis-aR 37T@ = 1-3 ; 1; TR = 500 r.p.m.; 3% T =9
= 120 cm; & ¥ = 3 cm; Faw 5% ¥R = 460 N; g MEP = 2-8 bar; o«

= 37 kg/hr; %% W@ I W = 456 kg/hr, 27 °C F a9 JRT F @
Ferlrie § wan Fel g e I w1 aw 320 °C ok I Fead @ W W am
220 °C; Ya® R 8 kg/min % Y Fafiex 5o # am gfg 8 °C }

| A 2-stroke oil engine was subjected to a test at room temperature of 20 °C with
| fuel oil of calorific value 44000 kJ/kg. Calculate the indicated and brake
. power, mechanical and brake thermal efficiency, and draw the heat balance
sheet using the following data : ‘
Cylinder bore = 20 cm; Stroke-bore ratio = i3 : 1; Speed = 500 r.p.m;
Brake drum diameter = 120 cm; Rope diameter = 3 cm; Net brake load
= 460 N; Indicated MEP = 2-8 bar; Oil consumption = 3:7 kg/hr; Jacket
cooling water rate = 456 kg/hr with a rise in temperature of 27 °C;
Exhaust gas temperature entering calorimeter is 320 °C and leaving
220 °C; Temperature rise in calorimeter water is 8 °C with a rate of flow

8 kg/ min

(b) ?@ﬁgﬁﬁ'&[mﬂ(GT)-‘ITE{EWTE{?I(ST)ﬁﬁﬁﬁ,ﬂHmﬁ(GT)ﬁﬁﬁﬁmiﬁTaﬁwﬁ_m
F T FA F s e s 2, w9 )W § e A e Y gfd send st §1 OT W Qe

S 8 2, N ($1@2) aTg AW 15 °C B, fiman I% @19 800 °C ¥ saer & 7ed fra -

@9 W wgER 800 °C # ¥l & ol hW e ¥ 100 °C W IR FEwd 31 wWwm
T@EA (ST) & W ar=win 60 bar 3 600 °C W R (h = 36562 kJ/kg, s =
7166 kJ/kgK) 3 3w @ 005 bar & (h, = 1378 kl/kg, hy

24238 kJ/kg, s; = 0476 kJ/kgK, s; = 792 kJ/kgK)| Fa i e
190 MW & f7u a1g afit s1u Yt STavaes YaTg ot a9l W 697 N T n) H WMo i)
wea hiferg fF ol wen omed &1 wwm ag-dem e W &7 We et C =

Pgas
1'11 kJ/kgK 3 Cp, = 1-05 kJ/kg K a1 fa 3t =g & for v smw: 1-3gaavﬁt
14%|3@mm§ﬂqﬁmmaaﬁmmﬁﬁmémm%ﬁﬁﬁm
\433 MJ/kg ®|

' In a combined gas turbine (GT)-steam turbine (ST) plant, the exhaust from GT
is used to heat steam in boiler at which a further supply of fuel is burned in the
gas. Pressure ratio of GT is 8, inlet air temperature is 15 °C, maximum cycle

~temperature is 800 °C. Combustion in boiler increases the gas temperature to
800 °C and gas leaves the boiler at 100 °C. The steam inlet in ST is at 60 bar
and 600 °C (h = 36562 kJ/kg, s = 7166 kdJ/kg K) and condenser pressure

C-DRN-N-OFFB/40 8
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7.

{c)

(a)

is 0-05 bar (hy = 1378 kJ/kg, hg = 24238 kJ/kg, sy = 0476 kJ/kg K, Sy =
792 kJ/kg K). Calculate flow rate of air and steam required for a total power
output of 190 MW and the overall n of the combined plant. Assume that all
processes are ideal. What is overall air-fuel ratio? Assume Cpgas =111 kJ/kg K
and Cp, . = 105 kJ/kgK, and y for gas and air as 1-33 and 14 respectively.
Neglect mass flow rate of fuel on the airflow. Calorific value of fuel is
43-3 MJ/kg.

Tt 6 o g Y IF 9 & ol kg w tded et 3w wew 2
h=C, xDBT +2500w

Wl C,, = 3% a1 fafie F=n = (1005 + 1-88w), w = Rfiw M kg/kg T a1,
s6 & T 0 °Cc m hf = 2500 kJ/kg W 3R DBT = jr&-3c am|

Show that the enthalpy of humid air per kg of dry air is given by
h=C, xDBT +2500w

where Cp,, = humid air specific heat = (1-005 + 1-88u), w = specific humidity
kg/kg of dry air, hg = 2500 kJ/kg at 0 °C for water and DBT = dry-bulb
temperature.

() st o shifeeh Tw rgura (FRea S WweN) & forg v i s il i #
FFUNA (FifEn) &y w we i)

Derive an expression for critical pressure ratio of a nozzle. Explain the
phenomenon of choking in the nozzle.

{ii) T v fogq Rym Pefafs = w1 s@aa w@ 2
wTq &7aer TR 150 bar, 550 °C (h = 34504 kJ/kg, s = 6:523 kJ/kg K);
40 bar W 550 °C @& JA:dM (h = 3560-34 kJ/kg, s = 7-235 kJ/kg K);
0-1 bar WHSH (h; = 1918 kJ/kg, hy, = 239205 kJ/kg,
sy = 0649 kJ/kgK, sp = 7'5 kJ/kg K)
eyl hH1 F) AR T §Y, WA Frewwmea T sy F o, S gan SR Wi YA
2 yfd kWh wieE Hifng

A steam power station uses the following cycle :
Steam boiler outlet 150 bar, 550 °C (h = 3450-4 kJ/kg, s = 6-523 kJ/kg K);
Reheat at 40 bar to 550 °C (h = 3560-34 kJ/kg, s = 7235 kJ/kg K);
Condenser at 0-1 bar (hy = 1918 kJ/kg, hp = 2392-05 kJ/kg,

sy = 0649 kJ/kgK, sp = 75 kd/kg K)
Assuming ideal processes, find quality of steam at turbine exhaust, cycle
efficiency and steam flow rate per kWh.

20

10

10

10
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(b) - T STAEE T4 H, A1 Sefom T For e I 91 1 4500 cmm € @ 2, S
. W % HFER 40 °C DBT, 27 °C WBT W 20% @i g1 a9 25 °C DBT 3t 50%
RH W 80% YA:fw=ia ga1 &1 81 ag ¥ie ea (Ffm wite) § 13 °C T GgH a1
et 81 T 3fiaq IR 3R Fy oo Al w1 aieen FINT

awm DBT WBT RH faf3re amdar et
(9 | 9 | O | (ke/ke % ) | (/g T 1)
et a1y 40 27 172 .85
F4 a7 25 50 100 50-8
| ADP 13 100 94 370

\
- The air handling unit in an AC plant supplies a total of 4500 cmm of dry air

which comprises by weight 20% fresh air at 40 °C DBT, 27 °C WBT and 80%
recirculated air at 25 °C DBT and 50% RH. Air leaves the cooling coil at 13 °C

saturated, Calculate total cooling load and room'heat gain :
Condition DBT WBT RH Sp. humidity Enthalpy
(*C) (*C) (%) (kg/kg of dry air) | (kJ/kg of dry air)
Outside air 40 27 17-2 85
Room air 25 o0 10-0 50-8
ADP 13 100 9-4 370

|
() | B s w 4-w, 4-Rire dee o % w8 E
faforet = = 36 cm; ®% = 40 cm; TWR = 315 r.p.m.; d MEP = 7 bar;
& W6 = 250 kW; §9 @9 = 80 kg/hr; F@I AW = 44 MJ/kg; 913 @4
= 30 kg/min; 99 ® 38 °C & dgd & Wy #=1iE a7 9 = 90 kg/min; Fewm
@ qm = 324 °C R G A9 (¥H GER) = 45 °C; C, . = 1005 kJ/kgK,
Cpge = 105 KJ/kgK, Cp = 2:093 kJ/kg K| Fiokm it & wa or s1ifives
~ ¥@ 003 bar st F ® 13% H,. _
TitAe a&el, Yiud T 7, 3 Wiiks $Mm aua wem ) 92 & 9R | 51 & fog
S qEH-9 SR
The following data refer to a 4-stroke, 4-cylinder diesel engine :
| Cylinder diameter = 36 cm; Stroke = 40 cm; Speed = 315 r.p.m.; Indicated
MEP = 7 bar; Brake power = 250 kW; Fuel consumption = 80 kg/hr;
Calorific value = 44 MJ/kg; Air consumption = 30 kg/min; Cooling water
circulated = 90 kg/min with rise in temperature 38 °C; Exhaust gas
temperature = 324 °C and Room temperatulre = 45 °C kJ/kgK; Cp_
= 1-005 kJ/kgK, Cpgas= 105 kd/kgK, Cp ..~ = 2093 kJ/kgK. In
exhaust gases, partial pressure of steam is 0:03 bar and fuel contains
13% H,. ’
Find mechanical efficiency, indicated thermal m, brake specific fuel
consumption: Draw heat balance sheet for the engine in hourly basis.

C-URN-N-OFFB/40 10
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(a)

(i} TF R, ¥ 68 9% 35 °C 3 -15 °C % &l w wfkan st €1 @3 A COP 3k

yfd & weftas (Chisrer) & fo HP & fafo fifse

sfaan
20 K 40 K
t hf hg Sq “h s h 5
CC) | (kJ/kg) | (kI/kg) [ (kJ/kgK) | (kJ/kg) | (kd/kgK)| (kJ/ke) | (kJ/kgK)
35 695 2015 06839 2164 0731 2310 0-7741
-15 181-0 0-7052 193-2 0751 2057 0-7942

An R, simple saturation cycle operates at temperatures of 35 °C and

-15 °C. Determine the COP and HP per ton of refrigeration of the system :

Superheated

20 K

40 K

{°C)

(kJ/kg)

hg

(kJ/kg

Sg
(kJ/kg K]

h
(kJ/kg)

s
{kJ/kg K)

h
{kJ /kg)

s
(kJ/kg K)

35

69-5

2015

0-6839

2164

0-731

2310

0-7741

=15

1810

07052

193-2

0751

2057

0-7942

10

(i) 77wy R ¥ftq =g F TagRe YAl & o e fifm)

Differentiate between summer and winter air-conditioning processes. 10

(b) TR dn-wAR@ A TERT FA oW (YHRE) B1 £, 3= T fit WM st A
@A gHIE: AT-gAfiE B 81 o it @7 an-waifee o ge-waifsa et wEEAl § 2
a9 & fmw w1 ImE s

Even though velocity-compounded impulse turbines are less efficient, in the
initial stages of high pressure turbines are normally velocity-compounded.
Why? Plot the variation of pressure and velocities in velocity-compounded and
pressure-compounded impulse turbines. . 10

fc) U W fogq w93 oTew gt kA W W Il 8| WW 2@ § 6 MPa, 450 °C W
WA Fl ] (h = 33018 kJ/kg, s = 67193 kJ/kg K) 3R &3 4 20 kPa W zfa
g ol & (h, = 2514 kJ/kg, h, = 23583 kJ/kg, v, = 0001 m?/kg, s,
= 0-832 kJ/kgK, sy = 70766 kJ/kgK)| %00 5@ @& (TR §X) ™ FA &
fo, s # @@RT 8 04 MPa W fiebfia fhm s 2 (R = 60474 kJ/kg, v
= 0001 m3/kg, hy 21338 kJ/kg, s; = 17766 kJ/kgK, s
= 51193 kJ/kg K)| IHt W1 9/t a9 @ YW 39 F w9 4 F@ Pema 21 Tos M@ W
T W gEe 3R fam Fr aMIege kg WM, 9% H Arger 3R Fuf qgand aem Hifm)

G-DRN-N-OFFB/40 11 [P.T.O.



A steam power plant operates on ideal regenerative Rankine cycle. Steam
enters the turbine at 6 MPa, 450 °C {h = 3301-8 kJ/kg, s = 6:7193 kJ/kg K)
and is condensed in the condenser at 20 kPa (h; = 2514 kJ/kg, hy, = 23583
kJ/kg, v, = 0-001 m* /kg, sy = 0832 kJ/kgK, sg, = 70766 kJ /kg K). Steam is

extracted from the turbine at 0-4 MPa (h = 60474 kJ/kg, v 5 =0001 m3 [ kg,

hy, = 21338 kJ/kg, s; = 17766 kJ/kgK, sz, = 51193 kJ/kgK) to heat

feedwater heater. Water leaves feedwater heater as saturated liquid. Show the
cycle on T-s diagram and find net work output/kg of steam, the boiler and
thermal efficiencies of the cycle. ' ‘ 20

* k&

)

C-DRN-N-CFFB/40 12 - 5BS—350



IV' CAREERINDIA

C-AVZ-O-NFDB

MECHANICAL ENGINEERING

Paper—II
3FF : 250

Time Allowed : Three Hours Maximum Marks : 250

UH-fcfl 3FINT
if msf fHt xiteft ifcf N #/
Jufl'wK *m W? $ 3T i
wf wm 13th 5 stftrwf $ mr «n¥t f wh rffa
mf $
Xrfc VFT/Vm £ fcP) frw 3= far 7T f |
wiff $ &# yifcfd mm %f&k wfi wi r fam 3n$ # fem w
3trw tfiym w 2w 3rdw wAr-w-zm $ 3r-A vr &m vr fcm

whifr mm $ stfofom sm mft mm $ fM w W

vwim femd m vfe & ffmvm ¥f wi zmt fww fern wrm
Zffl 3H<neF snfw/few £ fdT far T P7Pf $ & ~ff/t
WM ' 3tfc £ vyjfcid 3ref ff W 3FW 1 WT &I
wtf $ mwf ¥f mm mj*m ¥f *mrfti mf&P wr# fa* w 57" £ # *Hmmr
if noff vie  wzr f mr R/ wh-w-"at $ mft tki wr t&f mm % t
mi °pf %fa w ¥ i

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

77ifre 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 ofthis Question-cum-Answer (QCA) Booklet in the space provided. No marks will be given
for answers written in medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicatedl
Diagrams/figures, wherever required, shall be drawn in the space providedfor 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 attemptedpartly: Any page or portion ofthe page left blank in the Question-cum-Answer
Booklet must be clearly struck off



IV' CAREERINDIA

SECTION—A
Q. 1(a) 3rr™f % #rfr 3f srflr™ fthr % fepr si*rpt w 3fj<m PL+IM i
T-s WIM % ~ ft 3fATM angicf staT # 11

Derive the optimum pressure ratio of an ideal gas turbine plant for maximum network.
Also, show with the help of T-s diagram that, an optimum pressure ratio exists. 10

Q 1b) ~ 3t Tla \Mfa w? | A % EIQ ft w wiT Hitlei
sref $ fobe srwft 3ppre*r % w i

Consider one-dimensional isentropic flow of a perfect gas. Derive an appropriate expression
to show that the shape of the nozzle for supersonic flow is divergent in cross-section.

10
Q I(c) ~ Tial (*rw 60 ft#.) ftrsr# w t 300°t A ntcrr
(31F#~ cH 360 ft#.) NiftfcT SfFerft? 15°C
Avm %i w ft «rt SN X & wtt w vi
ftcRT STPTIoRf #THT | A W ffAT BTl

ftepfr ftwer tjwt Ffrri

A small sphere (of outside diameter = 60 mm) with a surface temperature of 300°C is
located at the geometric centre of a large sphere (of inside diameter = 360 mm) with an
inner surface temperature of 15°C. Calculate how much of emission from the inner
surface of the large sphere is incident upon the outer surface of the small sphere. Assume
that both bodies approach black hody behaviour. What is the net interchange of heat

between the two spheres ? 10
Q. 1(d) (Shell) 3 m STjrecffa TO t, MeWf $

tStf  TIAV 0.05 kg/s W T11 *Tcft 3?PcTt® WRT 25 mm 11 SFTArfth

m  3imifcr yijt™ (Uj) 230 W/m2oC # i N «ré&fa

A CTTWT wm: 15°C Wx 70°C 11 *fTiIC» (Condensation) ~Tcft ~ W~ A

AT A

(i) NTU $

(i) VFrP A

(iii)

it Cp=4,1877; hig=2257~ (WR  y<T '3W) *#T*T|

.0

e-Mf-O-TtTDS 2



Q 1(e)
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Steam at atmospheric pressure enters the shell of a surface condenser, in which the water
flows through a tube bundle, at the rate of 0.05 kg/s. The inner diameter of the tube is
25 mm. The overall heat transfer coefficient, (IL) based on the inner diameter is 230W/m2cC.
The inlet and outlet temperatures of water are 15°C and 70°C, respectively. The condensation
of steam takes place on the outside surface of the tubes.

Calculate the following :

(i) The effectiveness of the heat exchanger and NTU.

(i) Length of each tube.

(iii) The rate of steam condensation.

kJ kJ
Assume Cp of water = 4.18 ; hfg=2257" (latent heat of condensation). 10

wh % (C3h 8) 100% 11 fspr A

A3, 25°C 1 bar WX& t | ~TeTT 5TTT NRT 3rftePT tfTOH TO

i M 'zm sTwni PfhR#m t

Cp(C02) = 19.8 + 7.344 x 102 T

C°(H20) - 32.24 + 1.924 x 10"3 T

C°(02) = 2811 - 368 x 10r T

C°(N2) = 31.15 - 1.357 x 10-2T
m C° JmolK ~ T KA2™tIA”N ¥TT 37rr AHMNB = -2045.5 kJ |

Propane (C3Hg) is burned with 100% excess air in an adiabatic burner. Both the fuel and
air enter the burner at 25°C and 1 bar. Estimate the maximum temperature that can be

attained in the flame. The molar heat capacities of the product gases are as follows :
C°(C°2 =198 + 7.344 x 102 T
C°(H20) = 32.24 + 1.924 x 103 T
C°(02) = 2811 - 368 x KT6 T
Cp(N2) = 31.15 - 1.357 x 102 T

Here C°.is in J/mol. K and T is in K. Assume standard heat of this reaction

as AHXg = -2045.5 kJ. 10
Q 2(a) nfctw jim %smcw t, i iffor “ycft A w $ lorq Tifsr
> 2 % | 3R ATT™, ~ M ? faspET MPIT N
W WIT ?
e-rtfy-O-'"HTDG 3



Q. 2(b)

Q. 2(c)

Q. 3(a)
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Explain what do you mean by kinetic energy correction factor. Show that the kinetic
energy correction factor for laminar flow through a circular pipe is 2. Further, explain
what will happen to the kinetic energy correction factor when the flow is considered to

be turbulent. 20
N NRIE #TR 90 mm t (k=018 W/m°C), » A W ft I,

w? 80°% wUw tor to 11 % 37rr Mttt 1.3 x 105 w/m3
11 3faR afk wfwT % 3T 3RRT (h) 520 W/m2oC Ft ~ ~T3R
A stftew CTTWT TO w ft ~TT, $ MFT T JfiRT

A plane wall 90 mm thick (k = 0.18 W/m°C) is insulated on one side while the other side
is exposed to environment at 80°C. The rate of heat generation within the wall is
13 x 105 W/m3. If the convective heat transfer coefficient between the wall and the
environment, (h) is 520 W/m20C, determine the maximum temperature in the wall. Derive
the expression used, starting from the steady state one-dimensional heat conduction with

heat generation equation. 20

% yfasFFikti wow firs gfc Cp$ yn tor “r,
AN TvP % 5RT WU, fATAT |
Show that the slope of a reversible adiabatic process on a temperature versus pressure

diagram, when multiplied by Cp isgiven by Tvp. 10
Vir m i'ft 16000 rpom"R A~ T A t, 17°CdFT"R "3 3RR*"R ~ W 3TJW
4:1n ~TCTT 82% % 11 fATTcw ~  t ~ ficlC
yTO 0.85 11 T*R PI?W N *RR 20° A AO3MAT ftw M 11
ATeR W mar 200m m ~?2f 4 120 m/s 11 T
"R PTTT |

A centrifugal compressor running at 16,000 rpm takes in air at 17°C and compresses it
through a pressure ratio of 4:1 with an isentropic efficiency of 82%. The blades are
radially inclined and the slip factor is 0.85. Guide vanes at inlet give the air an angle of
pre-whirl of 20° to the axial direction. The mean diameter of the impeller eye is
200 mm and the absolute air velocity at inlet is 120 m/s. Calculate the impeller tip

diameter. Take Cp = 1.005

impeller exit. 20



IV' CAREERINDIA

Q. 3(b) ~ =t (9) 4-*rto YIcT t"R 145 cm ™ mr N jg cm A arnt

Q. 3(c)

Q. 4(a)

7:1 1 3%t 3F 15% fiTOT HT 2000 rpm *T ~ 350 kW Wnfer JRm %\
PTIiEM A~ A ftFT T 3TO HPT 47 MJ/kg t, t"RFf 85.2% C 37k 14.8% H2t |
3TTWIt 29dT 15°C " 1ba*TT 76% 3T gff*f? WICTT 90% A ctrfk
warn w  # F ti R = 287 J/kg-K feu TO i

A nine (9)-cylinder, 4-stroke petrol engine of bore 14.5 cm and stroke 18 cm, has a
compression ratio of 7:1 and develops 350 kW at 2000 rpm when running on a mixture
of 15% weak. The fuel used has a heating value of 47 MJ/kg and contains 85.2% C and
14.8 H2. Assuming a volumetric efficiency of 76% at 15°C and 1 bar and mechanical
efficiency of 90%, calculate the indicated thermal efficiency of the engine. Given,

R = 287 J/kg-K. 20

3m f A~ T TOcR # tW§$ WT # i t NOAT
5m(dj) ™ frrn Arn 6m (d2) 11 frff ?2mi ~ 09 11 ~ ~

WF 1000°C~ fter 500°C AT 11 WF W W WF

ft* W @)~ $ "MT *RIF 3T 3TRY (i)~ girr A fM AL

anfft Fj2= 04

A boiler furnace of 3 m height is made in the shape of a frustum of a cone with the
bottom diameter 5 m (dj) and top diameter 6 m (d2). The emissivity of both the surfaces
is 0.9. The bottom surface is at 1000°C and the top surface is at 500°C. Considering the
inclined surface is refractory surface, find (i) the radiation heat transfer from the bottom
to top surface and (ii) the inclined surface temperature. Radiation Shape Factor

Fi_2=04. 10
A "HZT *#*Td ~Trtef wft BETFA 1I5W A t | TO
Awti A 3rmfA Arn 200 mm~ 100 mmt, TO 3ft 32T dMHR

475°C N ATSWHIT FT divHH 25°C, TO $ 3~ ShR'YT PiHfctR" $ #£Q
mMR+eH "Mlir

(i) AT

(ii) 60 kmph TiT % 7t Ft |

3TT™mT TO ~ A Tivef aftcR HIT t, 3T wfo
L=0.9dQ" t, doW ~r wfr 11 do 200 mm *TFT cf | BT~ yw f
pTRfcfteT *TPT f

k =4.266 x 10"2 W/m°C; v = 40.61 x 10" m2s; Pr = 0.677

fAET % ferq (yu)Rd FAFT) : Nu = 0.036 (Re)08 (Pr)033

e-rfq-o-itpvz +5+



Q. 4(b)

Q.. 4(c)
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Ufjfcfa "TF'T % fckD
Nu = 0.54 (Gr. Pr)¥4~ (Gr. Pr) < 109
Nu = 0.10 (Gr. Pr)033 (Gr. Pr) > 100.

A 2-stroke motor cycle petrol engine cylinder consists of 15 fins on its outer surface. If
the outside and inside diameters of each fin are 200 mm and 100 mm respectively, the
average fin surface temperature is 475°C and the atmospheric air temperature is 25°C,
calculate the heat transfer rate from the fins for the following cases :

(i) when the motor cycle is stationary;

(i) when the motor cycle is running at a speed of 60 kmph.

The fin may 'be idealized as a single horizontal plate of the same area, and the significant
length may be taken as L = 0.9 dO, where dO is the outer diameter of the fin. Assume dO

as 200 mm.
The properties of air may be takenas follows :
k =4.266 x 1;,0-2W/m°C; v=MM x 1076 m2s; Pr - 0.677
For turbulent flow (forced convection® Nu » 0.036 (Re)08 (Pr)°33
For natural convection :
Nu = 0.54 (Gr. Pr),/4 if (Gr. Pr) < 109

Nu - 0.10 (Gr. Pr)033 if (Gr. Pr) > 109 20

XN % ZMVFE ~t A (Brayton cycle) ” t, srftew

N feR 3Tter r w ti A sitecrc xp 2tw t, Noozrsm

Myerr Pm t, to cs™ wr i A~ arftew

tET arj™nef 3~ y=2 ft fit % 3f*"TcR W SFITOW #IT ?
sthc A A?T: 097N 08 11

A gas turbine operating on actual simple Brayton cycle is to be designed for maximum
output. If the maximum and minimum temperatures of the cycle, the efficiencies of
compressor and turbine are fixed, derive the expression for optimum actual pressure ratio.
What will be the value of optimum pressure ratio for turbine, if the ratio of maximum
and minimum temperature is 3andy - 2 ?

Take efficiencies of turbine and compressor as 0.9 and 0.8 respectively. 20
% frR, 3FJW (HUCR) $ m W
t afk wrrti

Explain what do you mean by Highest Useful Compression Ratio (HUCR) for S.I. engines
and also state its importance. 10



Q. 5(a)

Q. 5(b)

Q. 5(c)

Q. 5(d)

Q. 5(e)

Q. 6(a)
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TP ?—«T
SECTION—B

Wifcid WIT ocTTT 3 AN w fa MTCTT NCOMR AT BSVS

Justify the suitability of thermostatic expansion valve in comparison to automatic expansion
valve. 10

ASR i TWIT TIT A THY, 3TJ 31T, geMUjuf ~
t, IO ACTIH TRAT
Explain with a neat sketch, how air charge, air consumption, torque and mechanical
efficiency vary with the range of speed in I.C. engines. 10

(i) ~ wr Tifer ~ N fFR *tn <ttwt *r wf ARcit 11 <1 25,
50N 715 mm W (Hg)x™ *PT¥eT 20 % 160 bar PF nR™Rfd RETT 11 Ppsqihr
N % TITT AR?T THitT CTT"T ~TcTT |
A steam power plant, working on Rankine cycle has constant steam temperature. The
condenser pressures are 25, 50 and 75 mm of Hg and inlet steam pressure varies
from 20 to 160 bar. Explain with the help of performance curve and reason how the
thermal efficiency will vary.

(i) RTT A t "R¥ ¥*jfor "T& f ?
Which are the factors effecting Nozzle efficiency ? 6+4

AN TRET 3 3"PT~ fagF "Mt t, F3T y“T%f 11 "TF

to w # 3¢ m *r «ift #n 3jtr ftct y w
# 1t 1 TEAT 0.62 *TFT 3fl

Air flows in a circular duct which suddenly contracts in the cross sectional area. Draw

the flow sketch and locate the points on the sketch where turbulent flpw will occur and

calculate the dynamic loss co-efficient. Take the co-efficient of contraction as 0.62.
10

(Orsat Apparatus) W t 2 srtror Am'<ul TIO to aftr
+4ariulleff A W W |
What is an Orsat apparatus ? Draw a neat diagram of Orsat apparatus and explain its

functioning. 10
N amReMf TH&H -t 30°C 101.325 kPa, 40% mtm ~R *tw
fAR &Xdr *R 110°Ci W ipf tor TOT t | N *nf FFIT T%

wf "RwW «mdt | 3tT?i 9M** 70°C XTTOPT *R 0.5 3TTAM" 3TTIT *R
Pl 11 *KP*f % 60 kg/min oinfdl (Moisture) FArf ~pft t, 3n"9W R3T

er-*V$-4-717D % A
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<C kg/min

m I hgr;c = 2696 12 kJ/kg » 1

In a drier operating at steady state atmospheric air at 30°C and 101.325 kPa wth a
relative humidity of 40% is first heated to 110°C at constan pressure. The heated mr s
then allowed to pass over the material to be dried and the air leaves the drier at 70 C with
a relative humidity of 0.5. If it is required to remove 60 kg/mm of moisture from t e
material, determine the mass flow rate of dry air required in kg/min and the rate

transfer to the air as it passes through the heating unit. Use hg“ ¢ = 2696.12 kJ/kg.

on
0.35
Do not write your Roll No.
on this Sheet 0.032
0.30
PSYCHROMETRIC chart
BAROMETRIC PRESSURE 1.01325 bar ’
SEA LEVEL 0028
0.45
0.026
0.025
£
0024 .4 50 %
c.023
0.022 £
055 £
0.021 w
0.020 X
0019 *0.60 2
0.65 Z
io
0016 ¢ 70
S
0.7s
=0.20
0.85
0.90
m0.95
-1.00
009
008
0.75 ma'xXg 0.80 m3kg 0.85 m3¥kg 0:90 mVkg

BELOW 0*C PROPERTIES AND ENTHALPY DEVIATION LINES ARE FOR ICE SPECIFIC VOLUME, m¥kg DRY AIR

HY %E DoSZ A dH'S 0) uiod 3y
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Q. 6(b) 50% zvtthrt AN wm-.35°0
T *f At T 1500 rpm t, AT AT TM&r « K 0.67 m”~ "IN araFTT 1.5
bar 0.96 *  (dry) 11 TO”eR (i) 3.6 kg/s *rN WtcT % f~ 3MOIR> s rr
(Blading) ATEE (if) AT HIT AcT (Power) |
1.5bar”R TC,\/¥ =0.001052—mk?;] sk vf =1.15937—kg3 *nPpfr |

The angles at inlet anddischarge of the bladingof a 50% reaction steam turbine are 35°

and 20° respectively. The speed of rotation is 1500 rpm and at a particular stage, the mean
ring diameter is 0.67 m, and the steam condition is 1.5 bar, 0.96 dry. Estimate (i) the
required height of blading to pass 3.6 kg/s of steam, and (ii) the power developed by the

ring.
Assume, at 1.5 bar pressure, vf= 0.001052ﬂs and vfo = 1.15937—3. 20
kg Ig kg
Q. 6(c) MFrRT NW owrf A 2 % ~FT fcfM |

Wir Ftt 32 WTOT t w fr* (Evaporative) |

What are the functions of condenser in a refrigerating machine ? Name different types of

condensers. Describe with neat sketch the evaporative condenser. 10
Q7@ N STOT 40 ystflcH t, n
cfmpr msi: 42° 6°C % *rsr fi Nosrt
A (dry saturated ) 11 A A KIT
% xpr
Temp. 'SIW xr™MrNt (kJ/kg) TAFft (kJ/kg-K) (m3kg)

o N\

(°C) T hf hg sf sg

42 1.957 249.7 410.7 1.125 1.6712 0.6975

6 0.5160 — 407.15 1.018 1.687 0.04035

-32 0.0875 — 390.85 0.9178 1.715 0.1665
A (evaporator’s) cfiwM -32°C PTT Nitr eft OT3T  ~TCTT, *rftrT

3fk Atommm w shr ~tt ?
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A refrigerating machine, rated to produce 40 tons of refrigeration, is used for air conditioning

between the; operative temperatures of 42° and 6°C of condenser and evaporator respectively.

The refrigerant is dry saturated at the end of compressor. Find the capacity of the plant,
power and capacities of compressor and condenser.
Properties of refrigerant

Temp. Pressure Enthalpy (kJ/kg)  Entropy (kJ/kg-K) Volume (m3kg)

“C) bar "r sf 8
42 1.957 249.7 410.7 1.125 1.6712 0.6975
6 0.5160 407.15 1.018 1.687 0.04035
-32 0.0875 390.85 0.9178 1.715 0.1665
If the evaporator’s temperature is reduced to -32°C, what will be effect on capacity of
plant, power and capacities of compressor and condenser ? 20
Q. 7(b) W3TTt UWW Tid 3ICTHRT $ 3RTT (Knock)
fATTFE ~ |

Differentiate between normal and abnormal combustion in Sl engines. List out the three

major knock limited parameters and explain its use in the engine design. 10
Q. 7(c) ~ arfSrcrrft-arwrfr 5~ 5 bar ‘m_ 100 m/s n 1 1 f*nfa
OT 15barl1ll TO Stow 1280 mm2” 1600 mm211 TO #
M ? (Critical) OT 3FJW 058, W M w | A
ATT 0.973 St Ar WT AT A (dryness fraction) VACT
ltor T-s™ h-s 1
SIFT % TpT
P (kJ/kg) (kd/kg K) 3TTWT (m3kg)
(bar) hf sf V vf vfg
5.0 640.23 2108.5 1.8607 4.9606 0.00109 0.3708
2.9 556 2168 1.660 5.344 0.00107 0.6253
15 467.11 2226.5 1.4336 5.7897 0.00105 1.158

Dry saturated steam at 5 bar enters a convergent-divergent nozzle at a velocity of
100 m/s. The exit pressure is 1.5 bar. The throat and exit areas are 1280 mm2 and
1600 mma2 respectively. Assuming isentropic flow upto the throat and taking the critical
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pressure ratio as 0.58, estimate the mass flow rate. If the nozzle efficiency is 0.973,

determine the exit condition of steam dryness fraction. Show the process on T-s and

h-s diagrams.
Properties of Steam
p Enthalpy (kJ/kg) Entropy (kJ/kg K) Volume (m3kg)
(bar) hfg sf sfy vf vig
5.0 640.23 2108.5 1.8607 4.9606 0.00109 0.3708
2.9 556 2168 1.660 5.344 0.00107 0.6253
.5 467.11 2226™5 1.4336 5.7897 0.00105 1.158
20
Q. 8(a) GFdrqitf* W~ 5.6 MWW *TR 1.163 MW 11 TO 40 bar  500°C
Argifer FAT n N 0.6 bar® WR Ft# %l
rn t 20bar TO fen Mlart, # (Processor)
2.0 bar KT no3 Ft# 11 (i) TOCR # TO ~c4K+ OTT
kg/hr  (ii) TOcR ~ ATT kW (iii) TGeTC N fSFT # t/h
A # mY%r 25 MJ/kg M wit 88 t, (iv)xnrfr
## e, (V) A Tifacr # mtf # A ANwor N ffe 6°C
5 A>pf t i T-s T «RT"t |

TO % 40 bar 500°C » A7 : v = 0.08643 makg, h = 3445.3 ki/kg, s = 7.0901 ki/kgK.

ot JHWH (m3kg) TRt (kd/kg) ft (kI/kgK)

2.0 0.00106 0.8857 520.72 2712.1 1.5706 7.0878

0.06 0.00101 25.22 149.79 2565.79 0.520 8.335

In a cogenerationrplant, the power load is 5.6 MW and the heating load is 1.163 MW.
Steam is generated at 40 bar and 500°C and is expanded isentropically through a turbine
to a‘condenser at 0.06 bar. The heating load is supplied by extracting steam from the
turbine at 2.0 bar, which is condensed in the processor device to saturated liquid at 2.0
bar and then pumped back to the boiler. Compute, (i) the steam generation capacity of the
boiler in kg/hr, (ii) the heat input to the boiler in kW, (iii) the fuel burning rate of the

boiler in t/h, if a coal of calorific value 25 MJ/Kkg is burned and the boiler efficiency is

e-r$-4-7r?2vG
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88 , (iv) the heat rejected to the condenser (v) the rate of flow of cooling water in the
condenser if the temperature rise of water is 6°C. Neglect pump works. Draw the T-s

diagram. Properties of steam : At 40 bar 500°C.
v = 0.08643 m3kg, h = 3445.3 kJ/kg, s = 7.0901 kJ/kgK.
Pt Volume (m3kg) Enthalpy (kJ/kg) Entropy (kJ/kgK)

(bar) vf vg hf f g

2.0 0.00106 0.8857 520.72 27121 1.5706 7.0878

|
0.06 0.00101 25.22 149.79 2565.79 0.520 8.335

20

Q. 8(b) tfar ~ A WTWF t

(i) 5~ fMtn

(i) A 2 FM Ar

(i) Nt I

Discuss the lubrication of the following engine paFts with the help of neat sketches :

(i) Main bearings

(if) Cylinder and small end bearing of connecting rod

(iif) Crank and Gudgeon pin. 15
Q 8c) WSf rfcitwmti T, T O 7T % W* 3NTT3fr A TOT

Fftft t; cznw i

Explain with a sketch how heat is absorbed at various stages from feed water to steam

generation in water tube boilers. 15
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space provided. No marks will be given for answers written in medium other than the
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(c)

(@)

(e)

WUs—A [/ SECTION—A

HAT o 1 3EE SEn R T ¥ A I @ 9 37, F R | A
e @1 B 7)1 fRR W@ §Y T, 1 WMt

Which is the more effective way to increase the efficiency of a Carnot

engine—to increase T keeping T, constant or to decrease T, keeping Tj
constant?

@ A qedies 1 9 E A 87 g BRE 5y, =1- ¢, cotBy, ST ¢ =
TS T[0T |

What is the pressure coefficient of a centrifugal compressor? Derive that
Vp=1-0; cotP,, where ¢, = flow coefficient.

o1 fafmmres % favet & dey # e, NTU T &1 e1fial S9ra ) aienfya i
@W-mmﬁﬁmw%ws—-ﬁméﬂwﬁmﬁﬁm

Define effectiveness, NTU and heat capacity ratio in case of heat exchanger
analysis, and also establish a relationship among them for counterflow heat
exchanger.

i ¥ e % Fram # RfE % Wi & e ¥ e S

Derive Wien’s displacement law from Planck’s law of radiation.

SI @ Cxﬁﬁﬁaﬁwxﬁm&w%?@aﬁéaﬁ(w)ém%aﬁﬁw%mﬁq-ﬁ
waie] St Rewrieer 6 St 27

What are the supercharging limits of SI and CI engines? What are the
modifications recommended for supercharging an IC engine?

'Lmﬁ@éww,ﬁmm@wwmma%,ﬂaﬁnmmww%
Qm@ﬂmwgﬁis‘r{mﬁmmq‘zm@maﬂm%m&ﬁ%laﬁwﬁ%wmf&:ﬁ

x%ﬂwmwﬁwmw%%ﬂxhﬂ—ﬂ;%x.@ﬁﬁﬁmwﬁaﬂ

R qU1 I TfmqaﬁraﬁnnﬁaqmmaHW%lﬂWTz%mﬁwa
TR I o SxTisd Toh Seqd T <t AT

Sgen:mc[1+1an+ L InT, - Ui ln'Tl]
h-T; h-Tp

2, 51 ¢ s i fafie Fom 8
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(b)

A cylindrical rod of length L insulated on its lateral surface is initially in
contact at one end with a wall at temperature 7; and at the other end with a
wall at lower temperature 7,. The temperature within the rod initially varies

: : e : T T IS
linearly with position x according to T{x) =7} — - = 2 x. The rod is insulated

on its ends and eventually comes to a final equilibrium state where the
temperature is T;. Evaluate T, in terms of 7; and T,, and show that the
amount of entropy generated is

ng=m[1+lan+ T2 InT, - 4 1nT1j|
| L -T, T -T,

where c is the specific heat of the rod.

91 Th Hag | FaIead & W g, e 7 2 m ® @yl el @ qun e f R A
HfE ? 3R 150 °C W HEH 81 T 1 atm @1 9 &1 99 @9 30 °C ?1 AR 917 1 7if
12 m/s B, T 3Gd AT R IO J1d i |

[ fhew @M, S (150+30)/2=90°C %, W 94 & fF=fifaa sifoes oemt =1 s
R :

p=0-962 kg/m?3, 1 =2.131x10"° kg/m s
k=0:031 W/mK, C, =1.01 kJ/kgK
Nu =0-332 Re!/? pr!/3, il wame % R
Nu =0:0296 Re®® Pr'/3, yugeq v & o |

Air flows over a surface, 2 m in length, oriented in the direction of flow and of
sufficient breadth, maintained at 150 °C. The pressure is 1 atm and the bulk
air temperature is 30 °C. If the air velocity is 12 m/s, find the average heat
transfer coefficient.

[ Use the following physical properties of air at film temperature, that is
(150+30)/2=90°C : '

p=0-962 kg/m>, p=2-131%x107° kg/m s
k=0-031 W/mK, C, =1.01 kJ/kgK
Nu —0:332 Ret2 P13 for laminar flow

Nu =0-0296 Re®® Pr'/3 for turbulent flow ]

20

20
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(c) SI3sH S Frfaiad Feame SfetEu TR STSRiTEd % T 1 EET H qu hiivd

(i) IH YeH

(i) | A

(i) STH-HTR0

(iv) FATH-EIH

Briefly describe the effect of volatility on the following performance

characteristics of SI engine : 10
(i) Cold starting

(i) Hot starting

(i) Vapour lock

(iv) Evaporation loss

3. (@) TUH A Al (=RED FE = 150 mm A1 SR AE = 160 mm), TSRl S <Terhdl
58 W/m K %, 30 mm @1 50 mm T SR A, R Fefn el
A 0-18 W/m K @1 0-09 W/m K &, ¥ @l gaT 8| a1 el % 3T T8 T ATHH
300 °C AT IR T 6 el I8 1 qHE 40 °C ®|

(i) =9 Tl B uf Hiew s WS- A 3R T F G A 1 Ry FER

(ii) a2 AT ) e Y a4 GgH ), IR e Tt § et P el ar i ord
1 He AR Te AR 6 JATEH AT 6 /A 0-32 kg/min &

[ 3 @ferel &1 T i : 320 °C HYH a4 W
hy =1463 kJ/kg, hy, =1240 kJ/kg, hy =2703 kJ/kg ]

A steam pipe (inner diameter = 150 mm and outer diameter = 160 mm) having
thermal conductivity 58 W/m K is covered with two layers of insulation of
thicknesses 30 mm and 50 mm respectively and thermal conductivities
0:18 W/m K and 0009 W/m K respectively. The temperature of inner surface of
the steam pipe is 320 °C and that of the outer surface of the insulation layers
is 40 °C.

(i) Determine the quantity of heat lost per metre length of the steam pipe and
layer contact temperature.

(i) If the condition of the steam is dry and saturated, find the quality of the
steam coming out of one metre pipe assuming that the quantity of steam
flowing is 0-32 kg/min.

[ Use the data : At 320 °C saturation temperature
hy =1463 kJ/kg, hg =1240 kJ/kg, hy =2703 kJ/kg ] 3
2
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(b) THA TUR (I2) R I Th FF 6:0 kg/h ST 1 UGN a1 &1 H H TG

(c)

CUH-E QHC--CHLEL /55 5

750 kg/m® | 5o $5H € 9 @I a1 B, 99 0d H& I a1 TR F MY ¥ 3 mm 9
B 8| gRaw qemd € @ = 1013 bar 919 = 21 °C.

YR &1 ™ 1-2 mm a1 FEER s 0-65 §1 91 w1 e s oso%l?ﬂa/%a:r
HIA@ 15:3 : 1 7| P Fifvd—

(i) shi= Ay A;
(i) &3 W AT, H,O % mm & &9 |;
(iii) AT S A |

a1y <ht Teftesrar i Sufda HiE)

An engine having a single-jet carburettor consumes 6:0 kg/h of fuel. The
density of fuel is 750 kg/ m?®. The level in the float chamber is 3 mm below the
top of the jet when the engine is not running. The ambient conditions are :

Pressure = 1:013 bar and Temperature = 21 °C

The jet diameter is 12 mm and its discharge coefficient is 0-65. The discharge
coefficient of air is 0:80. The air/fuel ratio is 153 : 1. Determine—

(i) critical air velocity;
(i) depression at the throat in mm of H,O;

(iti) effective throat diameter.

Neglect the compressibility of air. 20

s arfies T Tehuv a1 STEEA i GiEeT T aHETs |

Explain the phenomenon of surging and choking in a centrifugal compressor. 10

YaTEHT 1 BT &7 30 hel S9AI o 87 Weo U S Herddl ¥ U YaTeHT i wryned
I T |

What is a current meter? Where is it used? Explain with the help of a neat
sketch the functioning of a current meter. 10
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(b) T TR sl wrdies % o Prafolad stiws e ™ R

YuiEsh (SFR) 1 §AE 4 = 50 cm
AR 1% =™ = 30 cm

T STER S = 15 cm

3o Wo THo = 15000

Fel FAAH FAE = 18 kg/s

vaw weet 3 a9 = 295 K

qequf 3t wee T qatdl = 78%
wifw faw o = 1-04
[T 7O = 0-9

T N fF AW W AR A 150 m/s ® Td T8 &l ¢ a1 AR G0 H IR G THEAH
CRIRGaIE]

e SRR (1) et 3 e T, (i) WPTE 1 S o Rl s Tk T (i) Jomes
T I W2 I AF T AR F TA B Tos ARG A1 37 Brepiort <6 T s |

In a double-sided centrifugal compressor, the following data are given :
Overall diameter of impeller = 50 cm
Eye tip diameter = 30 cm
Eye root diameter = 15 cm
RPM = 15000
Total mass flow = 18 kg/s
Inlet total head temperature = 295 K
Total head isentropic efﬁpiency = 78%
Power input factor = 1:04
Slip factor = 09

Assume that the velocity of air at inlet is 150 m/s and is axial, and remains
constant across the eye annulus.

Find (i) the total head pressure ratio, (i) the power required to drive the
compressor and (iii) the inlet angles of the vanes at the root and tip of
impeller eye. Draw the T-s diagram and velocity triangles. 20
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(c) TH ggd 9 WRe G4 #, HE R Tolt YR F TH GO & e @ @ e, ad e
A ¢ :
o1 fafm 3@ = 2100 MW
g grE] 6 HEm = 1
e & §=m = 31500
Feft urgt it e = 2
T et Bl = = 25 mm
e @M = 50 °C
i e = T T W = 3.4 x10% kg/s
AT <Y SR FEAT A O = 11400 W/m? K
T ST q9aH = 20 °C
ST ol #W T #{AY TR = 8018 W/m? K

ad e-NTU faftr &1 T Ftd g Iieher hiva—
(i) e s o Fela <

(i) el U < T
[ 27 °C W 5t & Tore &
Cp =4-18 kJ/kgK, p=855%x10"° Ns/m?, k=0-613W/m K
Td Pr=>5-83 |
 eft Fif % o it wfeie i Sten HiRvEN

In a large steam power plant, a shell and tube type condenser is used which
has the following data :

Heat exchange data = 2100 MW

Number of shell passes = 1

Number of tubes = 31500

Number of tube passes = 2

Diamcter of cach tube = 256 mm

Condensation temperature = 50 °C

Mass flow rate of cooling water = 3-4x10% kg/s

Heat transfer coefficient on the steam side = 11400 W/m? K
Inlet water temperature = 20 °C

Heat transfer coefficient on the water side = 8018 W/ m? K
Using only &-NTU method, calculate—
(i) the outlet temperature of cooling water;
(i) the length of tube pass.
[ Properties of water at 27 °C are :
Cp =4-18 kJ/kgK, n=855%x10"° N s/m?, k=0:-613W/m K

and Pr=5.83 |
Neglect the thermal resistance due to tube wall. 20
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5. (a)
(b)
(c)
(d)
(e)
6. (a)

(b)

WUs—B / SECTION—B

mwwﬁmwmﬁ%?mmmqw%ﬁﬁmaﬁﬁmﬁmﬁaﬁﬂq
# g |

What do you mean by boundary layer separation? Briefly explain the various
methods of controlling of boundary layer separation.

i WRE T T T R T T e 87 Rt Afisset W g e (f )
g <6l T TR S B S |

What is the function of an economiser in a thermal power plant? Why are the
economiser tubes often provided with fins on the gas side? Explain.

Tﬁﬂ%mmméﬁ?@iﬁﬁmwﬁ%mﬁsﬁmwaﬁ%ﬁw%aﬁm
e T AR §7 Tos St < wewm A faern A

What are the desirable properties of a fluid for use as a working substance in
Rankine cycle based heat engine plant? Discuss with the help of T-s diagram.

o 31 Wi o Fhedl AR ST aifed e 6 fesr R

Discuss any four thermodynamic desirable properties of an ideal refrigerant.

FEIS TR Yo 1 Bl &7 g4 yspr T arg-arsa for <6 et @t fRR e o

What is an adiabatic saturation process? Why does the enthalpy of an
air-vapour mixture remain constant during this process?

wp BN 5 % SETe A o F A 21 W gerE BRI A st oie se
g s Tfier 1 TE €9 ¥ 359 i

Explain what you mean by Fanno flow. Clearly mention the assumptions made
and governing equations involved in the Fanno flow.

% ARER-ITER] @S 50 bar, 200 °C WX WY WIH LAl & 1 THLZIUH &9 ¥ 2:0 bar
 fegem # frarfa Fw@ R st A i e wQ@ ge Frefafad et # 0-3 kg/s F
ZoTH YATE % T v Fla St 1 Tieer R

(i) S YaTe TE A IAq T areree &
(ij) =@ ware PVY 3= fRr % i sTiigd &
=q sifeqw vare % ol arfoeger B Hife @ srfrgiieR #ht Hif 1 afeer ft i)

10

10

10

10

10

10.
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(b)

T 3 JOTEH :
5-0 bar Td 200 °C W, h =2855-4 kJ/kg, s=7-0592 kJ/kg K,
v=0-4249 m® /kg
2:0 bar Ud Ty = 120-23 °C W, hp =504-7 kJ/kg, h, =2706-7 kJ/kg,
Sy =1-5301kJ/kg K, s; =7-1271 kJ/kg K, v =0-001061 m? /kg,
vy =0-8857 m? /kg
A convergent-divergent nozzle receives steam at 5:0 bar, 200 °C and expands

isentropically into a space at 2:0 bar. Neglecting the inlet velocity, calculate the
exit area required for a mass flow of 0:3 kg/s in the following cases :

(i) When the flow is in equilibrium throughout
(i) When the flow is supersaturated with PV'"3= constant

Calculate also for this supersaturated flow, the degree of supercooling and the
degree of supersaturation.

Properties of steam :
At 50 bar and 200 °C, h =2855-4 kJ/kg, s="7-0592 kJ/kg K,
v=0-4249 m3 /kg
At 2:0 bar and Ty, =120-28 °C, h; =504 7 kJ/Kkg, hy =2706- 7 kJ /kg,
sp=1-5301kJ/kgK, s, =7-1271 kJ/kg K, vy =0-001061 m° /kg,

vy =0-8857 m®/kg

e YA B e @ T % R A e T A e AR e @
3Rt feaTe Tone (COP) 1 Uftehe & o fordl U <isteh gead hifsm |

Explain, with the help of neat sketches, vapour absorption cycle for
refrigeration and also derive an expression to calculate ideal COP of it.

T ARER-TIEE gue B SEwm-aieed (s fesen) feuen sifi@antt woww feoof
fofed | faftm s <@l & fo que & 1@ & "i-wny o foawn &) eifea Hifv

Write a note on the off-design performance characteristics of a convergent-
divergent nozzle. Plot the pressure distribution along the axis of the nozzle for
different back pressures.

T 9159 Grfed U3fiad =6 10 bar 3R 3 bar 6l g« e & €= R Ha 7] gefied %
ad § HRIEH T I5F @l 8 2 TR dled % Yge s rasiiad el e ¥ | SR wiias
TaT8 & 10 kg/min &, T I hivR—

(i) COP;
(ii) wfifos <t e

20

20

20
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refieh 3 T % ford et FTgER ®

I GgfaatoT arq T FET T8 ST T Tt a7 Tt
(bar) (°C) (kJ/kg) (kJ/kg) (kJ /kg K) (kJ/kg K)
10 25 2989 1166:94 1-1242 5:0391
3 -10 135:37 1297-68 0-5443 54770

A vapour'compression refrigeration cycle works between pressure limits 10 bar
and 3 bar. The working fluid is dry at the end of compression and there is no
undercooling before the expansion valve. If refrigerant flow rate is 10 kg/min,
determine—

(i) the COP;
(i) the capacity of the refrigerator.

Table for properties of the refrigerant is as under :

Pressure Saturation Liquid heat Latent heat Liquid entropy | Vapour entropy
(bar) temperature (°C) (kJ/kg) (kJ [kg) (kJ /kg K) (kJ /kg K)
10 25 2989 1166-94 1-1242 5-0391
3 -10 135-37 1297-68 0:5443 54770
20
() mmﬁaﬁ:ﬁdﬁwwmﬁmﬁ?@mﬁﬁﬁm%mmaﬁﬁﬁwm

£ o iR | THE ) h-s IRG | A |

What is the function of a governor in a steam turbine? With the help of a neat
sketch, explain the working of throttle governing. Show the process on h-s
diagram.

30 °C % J&h-dcd q9 741 60% ST STEal aTeh 9r U Yiaer Hied i 250 m° /min
#i = A wfae A B

(i) iga 9 23 °cwa@%mﬁaﬁ%ﬁﬁaﬁwmwwwﬁ
Igehl smifis A A AR

(i) PR TfdeH et a1 Yo Lo Ho < WE FEA ™ 12 °C B o 913-9" & 0-1 ®,
aﬁmﬁmmwwmmﬁm@qﬁﬁzﬁmﬁwﬁwm
Wlﬁw%aﬁam%ﬁﬁmmm%ﬁmaﬁﬁm

Air at dry-bulb temperature of 30 °C and 60% relative humidity enters a
cooling coil at the rate of 250 m® /min.

(i) Determine the refrigeration in ton needed to bring the temperature of the
air to the coil temperature of 23 °C and also the relative humidity at that
condition.

M-E QHE-D-CHLEL [ 55 ‘ 10
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(i) If the effective surface temperature of the cooling coil or ADP is 12 °C and
the by-pass factor is 0-1, determine the refrigeration in ton needed and
the mass of water condensed out at the cooling coil per minute. Determine
also the sensible heal faclor for the process through the coil. 20

(b) Towfa wiea = fenfia AR Al qon s=omEl % Aiedl # fFwfa Aiedl % w9 # =
ST ST 77 wwesy | sl wiedt % o qun ereit o faied

Define distorted model. Explain why models of rivers and harbours are made
as distorted models. Write down the merits and demerits of distorted models. 10

(c) TETE F@H W 360 °C & WY a9 q A T 0:08 bar & o & ThHw w9 vl
G 1 feomea fopan ST ) a9 % R Ry % SR e % e ®
ATHAT B T 15% § A T8 B 91| e AT W Gl S Wi 99 a1 H
T ISR qen §7 9 srawenett ¥ IR =% 3era 1 GRehe IR | Wiy € ST Gehe &
3frad a9 <t ot Jra IR | S Geher % SfEd q9 qu FeE q % o § Eiea e g
e 3R 1 5! 61 qEAT 6l gIT BN | T wE R 6 3uan HifR)

17 & JOIH :
P=0-08 bar @ T,,, =41 °CTW, hr =173-88kJ/kg, sp =0-5926 kJ/kg K,
hp =2403-1 kJ/kg, sg =7-6361 kJ/kg K

A cyclic steam power plant is to be designed for a steam temperature at turbine
inlet of 360 °C and an exhaust pressure of 0:08 bar. After isentropic expansion
of steam in the turbine, the moisture content at the turbine exhaust is not to
exceed 15%. Determine the greatest allowable steam pressure at the turbine
inlet, and calculate the Rankine cycle efficiency for these steam conditions.
Estimate also the mean temperature of heat addition. Compare the Rankine
oyole efficiency with the Carnot cycle cfficicncy operaliug belween (he mean
temperature of heat addition and the condenser temperature. Neglect the
pump work input.

Properties of steam :
At P=0:08 bar and T, =41 °C, hf =173.88 kJ/kg,
Sf =0-5926 kJ/kg K, hfg =2403-1 kJ/kg, S =7-6361 kd/kg K
20

* K Kk
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MECHANICAL ENGINEERING (Paper II)

g ;T g STfrsam 37 : 250
Time Allowed : Three Hours ‘ Maximum Marks : 250

TYA-UF Tl fI9w s
IAT 3 % uo ftafaa et = woan araaiEs o8 |
AN Gt H T 718 W f5u MU € 1 fedt wa it g H 2 E |
SHTGAT Y el qi= Y9l & ST o7 © |
W FEAT 1 3R 5 srfant § qur STl ugal § 9 YodS Gue 8 hH-H-HH TF WIT g dIF U
SR FHrT |
Wi WeH /W & fore foa sis S9e e feu g ©
WAl S IR ST vt wremm § faw s =, et Seora sk waa-u | forar wan 2, ik
HIEAH 1 T Joold YIT-H8-IR (.61, ) gieaet & qays ) FHide eom w femar s =nfeu |
wiitrgd weEm & srfaies sy foret e # ford 0 IR R 1E i Tl ARt |
gy forad a0 afe &g gdamon &t sy, Suet wredan fafde fear s =nfeg |
STet smawas B, Ra /o SR & forg fou o T # € gufsw
Ydten! 3R Gehadl & Watera ad €, 9 T = 91- &l @7 9 |
FAT % WATEL Y TUET FHITER Y ST | 3ifie 9 F fou Ty ueEt & SR F 6 At St
afe I H1eT T T B | W -He-IR IR # Gl IS T hIE I8 94T Y8 & AR i guid: H1e

gifsta |
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 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.(a)

1.(b)

1.(¢)

1.(d)

1.(¢e)

2.(a)

gus ‘A’ SECTION ‘A’

T F=H e A IR gg 3% < wEE wwi # fawlia gam € | wRw A uw ww
F 4 kg 3mes ¥ 800 kPa R 50°C W R, Safer gquxr W fraffaa € | s o= o
o ger fean sar ® R e ) ¥ A G ot @ | d& # sifow qmE SR g
1 faafko il |

An insulated rigid tank is divided into two equal parts by a partition. Initially, one
part contains 4 kg of an ideal gas at 800 kPa and 50°C, while the other part is
evacuated. The partition is now removed and the gas expands into the entire tank.
Determine the final temperature and pressure in the tank. 10

ﬁquaﬁﬁuaﬁaﬂﬁé;mﬁ%ﬁﬁp«v,)-sﬁ?p-h@»ﬂi@ﬂﬁ&ﬁaﬁt

s ARG TR WG wHTE, gEfT ¥ fsafia Fe ok wdies s @ gud |

Show processes of saturated vapour compression refrigeration cycle on p-v, ¢-s and
p-h diagram and mark graphically on f-s diagram refrigerating effect, heat rejection
by condenser and compressor work. 10

Tafrlia o fafma & wwy # snepfa s 99 HEx FT BIAT © 7 AR SR
srepfer Tt fraet w1 fad=A iy |

What is the shape factor in case of radiative heat exchange ? Discuss the four (4)

. basic shape factor laws. 10

4.3 gt ot Prehea GELATE, Sade T AT E W e |

Draw valve timing diagrams of 4-stroke high speed and low speed SI internal
combustion engine. ' 10

T Y IO IR 3R S e sradw F =S w1 AT R o & &9
T T & | v=vtav,

Define steam, quality and derive expression for specific volume of steam in terms
of steam quality. v = v +xv, ' 10

T NG TEE & TrEE (FEER) 3R aXETEd i qeard wHA 70% 3R 71% € |
T & B ufa frat a1 § 47635 ki/kg FSAT We I T B | UE 3Ifua g A
33, AIRF R &1 AT 0-054 T | T6H AT I ATIHI AT &1 Al forewred | e
a7 & Fel AIAT 300 K 2 |

The efficiencies of the compressor and turbine of a gas turbine are 70% and
71%, respectively. The heat added in the combustion chamber per kg of air is
476-35 kJ/kg. Find a suitable pressure ratio such that the work ratio is 0-054.

Also find the corresponding temperature ratio. The inlet total temperature of air
is 300 K. : 20
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L 2.(b)

2.(c)

3.(a)

Teh e 6 T ATTHE THIGIA 8 FT9AT € | AT qIaAe &1 gonedd: qaiqam o
& fou, wma sgfrar & @ed #, TiETe fes &1 Yoaid wR sEweE @ |
ORI & SIS ! 0-6 mm & ATE T Tieleh HHT ST Tehal © oT89%h g4 T U4
p = 8500 kg/m3, AT dTeehal k = 30 W/m-K 3R fafise Fa1 0.3 ki/kg-K © | Sii®
IR TafaRw & =9 Heaedl ST SO s (h) 300 W/m2-K g | R areE
AT & 90% A9 & for feraer aeh wnmm 7 fafemor & Foam wif 3k ariter siifoes
e YA & T FGeAT AWK 3SIS I |

A flue gas stream is to be monitored for its temperature using a thermocouple.
The thermocouple design needs to be evaluated in terms of its time response
to accurately predict the measured temperature. The thermocouple junction
can be approximated as a sphere of diameter 0-6 mm, density of the bead material
(p) 8500 kg/m3, thermal conductivity (k) is 30 W/m-K; specific heat (c) is
0-3 kJ/kg-K. The convective heat transfer coefficient (h) between the junction and
flue gas is 300 W/m2-K. Determine the time required to read 90% of the initial
temperature difference. Neglect radiation effect and change in thermophysical
properties with temperature. 20

fafsrr gl & =fael ot aFfied o 3K Siaer =99 & fod sasass ueet @ foemm
& | g

Classify different types of boilers and discuss factors important for the boiler
selection. 10

&d vl aRa wHa, gEaEis feafa #, R @ T aeafwar & aee S feean
ST ® 3R R fopar st 2 | 3@ fow 05 m o SeE Y awafea widare sen
fafrafas o=t = Syawr frar wn @ St siee it yaelt AR Al Jell T ST
55mm B | 18°C AW 3R 0-01 kg/s & WaT8 & Th ol TH A & fad 60°C
AIAE 6T 0-1 kg/s WaTg &1 gl wamr fomar @ | oo fafmtim & aex e 9
GA HT AN AT HIWT | |

AT T FEAT AR i (U) = 500 W/m2-K, wh &t fafie o Cp, =
3-5 kl/kg-K, 9t &t fafig wsa1 €, =4-187 kl/kg-K

In an open heart surgery, under hypothermic conditions, the patient’s blood is
cooled before surgery and rewarmed afterwards. It is proposed that a concentric
tube counterflow heat exchanger of length 0-5 m is to be used for this purpose,
with a thin walled inner tube having diameter of 55 mm. If water at 60°C and

01 kg/s is used to heat the blood entering the heat exchanger at 18°C at a flow rate

of 0-01 kg/s, what is the temperature of the blood leaving the heat exchanger ?

One may assume, overall heat transfer coefficient (U) = 500 W/m2-K, specific heat

=35klkgK, Cp _ =4187 kl/kg-K.
20

of blood and water are respectively Cp
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3.(b)  Uehel TafTeR 4-%ge Ugi T9 20% €Ul qErdT 6 AT 100 KW wrfth Scuw aR @R |
i o7 FadaTg SAE 0-07:1 ® | 3R gaT < uEal 12 kg/m? B, A1 e
m3/hr T ATATFAT BN 7 AT 2EF hl GAdT gAT | 4 AT SATGT € Al 2HA-Ag
& i o1 fRas m¥hr S § 7 2HE T FARKN AW 42000 kl/kg ® |
A single cylinder 4 stroke SI engine is producing 100 KW power at an overall
efficiency of 20%. Engine uses a fuel-air ratio of 0:07:1. Determine how
many m¥hr of air is used if air density is 1-2 kg/m3. The fuel vapour density is
4 times that of air. How many m3/hr of mixture is required ? Calorific value of
fuel is 42000 klJ/kg. 20

3.(c) UF AfOWEEd ek W g e’ # v & amme R R R € | S g a6
I 25°C BT 8, a1 g1l WYk 210 kPa ST € | 3FR TR &l 3Ead 0-025 m?
2, a1 frafor & fF 2R # far g@ S, S@ eRR # gal & 99AE 50°C T
o WU | W1 B, T A9 W AU Jel W9 S gld & Fed a4 & fau 9y
it e o1 frafko & | AW AT agEedE 3@ 100 kPa 3R a1 & 3 e
R = 0-287 kPa m¥/kg-K % |
The pressure in an automobile tyre depends on the temperature of the air in the tyre.
When the air temperature is 25°C, the pressure gauge reads 210 kPa. If the
volume of the tyre is 0-025 m3, determine the pressure rise in the tyre when the
air temperature in the tyre rises to 50°C. Also, determine the amount of air that must
be bled off to restore pressure to its original value at this temperature. Assume the
atmospheric pressure is 100 kPa and gas constant of air, R = 0-287 kPa m¥/kg-K.

10

4.(a) TF 6-RAfRR 41 Sioiel S5 1 AR 60 mm € 3R FF BAT 32 mm B | T W
arfe s (e XREN) 901 R S smEdt qaar (Areioe i)
90% 2 |
frafor Fifsg

(i) & & d=18

(ii) 1000 rpm W fiEea &l Aiex IS
(iii) wfa fafeer @ smaaE

(iv) wfa faferex Fio= s

(v) o & Fgfas smar

(vi) B fafoek § ufaediss ga1 &1 awdfaes e
A six cylinder 4-stroke diesel engine has a bore of 60 mm and a crank radius of
32 mm. The compression ratio is 9 : 1 and engine volumetric efficiency is 90%.
Determine :

(1) Stroke length

(ii) Mean piston speed at 1000 rpm
(iii) Swept volume per cylinder

(iv) Clearance volume per cylinder

(v) Cubic capacity of the engine

(vi) Actual volume of air aspirated per stroke in each cylinder 20

s’rAh—d~mché 4




4.(b)

- 4.(c)

5.(a)

5.(b)

TF &l WATE 9@ % A H A 30 cm B | T8 1470 ARHITH T Al § | Ha
SR ffe o 3 Prg % @R # P st g st w2
ufeelta av & geaw e I & ' #§ way 3R ffg ) = €

Cy] ;u C, =§-u TSRl C=gd a9, u= IRENT TR

(1)%21%:9%313&%7&1%%%@@%3@3&%@%%
. =
(i) T Iea™ &1 Ui dhifore, T . fraa wwe @i, p= 125 kg/m? |

The rotor of an axial flow fan has a mean diameter of 30 cm. It runs at 1470 rpm.

Its velocity triangles at entry and exit are described by the following data :

Peripheral velocity components of the absolute velocities at entry and exit are :
1

2 o ; e el
CyI =Eu, Cy2 =§u where, C = fluid velocity, u = peripheral speed

(1) Draw the inlet and exit velocity triangles for the rotor and prove that the work is

givenby W, = 1 u?

3
(i1) Calculate the pressure rise, take a constant density of air, p = 1-25 kg/m?. 20

Tl ¥ @ ) e & oy (1) R far aumm F wed 7 (i) R e sftare &
e § “ooiiga: fasfda SR @ gan €, geaw iy |

Explain clearly what is “thermally developed zone” in case laminar flow through a
tube both for (i) constant wall temperature case (ii) constant heat flux case. 10

9vus ‘B’ SECTION ‘B’
‘sifiea’ ok ‘fode’ waT@ # FT SR B | ST % HEd 1 A HI |

What is the difference between ‘normal’ and ‘oblique’ shock ? State the signifi-
cance of each. 10

R-129 R—zzusﬂﬁwéaﬁwmwﬁaﬁm-aﬁlwwﬁmwam
Wﬁmmﬁﬁﬁﬁlmaﬁwﬁmﬁﬁ%wﬁwwmﬁmﬁﬁ
qafarer fedwt whreard ) gzmey |

Explain harmful effects of R-12 and R-22 refrigerant. Write their chemical
formula and NBP temperature. Also suggest new ecofriendly substitutes of these
two with chemical composition. 10

5 sth-d-mche



3.(¢)

5.(d)

5.(e)

6.(a)

B S & FeNihe A &yl frafor @ wee fm F gr aweTd gu, fese
|
Discuss experimental determination of calorific value of solid fuel with a neat
diagram. 10
YT TS & A28 AAAE YA TR A o uf AR e o ferfa e sgerr e
R Y @ offeRE § 9w & fou ag-dan sed smaweRdTd, SR afed,
ﬁ—rﬁaq H

(i) s gem

(i) 98" (cruising) &M

(iii) 9=9 WR M

(iv) 399 Wadd gem |

The air-fuel ratio of an SI engine varies from no-load to full load condition. Write
air-fuel ratio requirement for an engine under following conditions with reason :

(i) Idling condition
(i1) Cruising condition
(ii1) High load condition

(iv) Cold-start condition 10

fed & U A H 9R & ager frefafaa wfaaaan fagewor g @

FTE 80; BEeie 16; 3R @ 3nfe 4 | 3@ f89 & 1 kg & qed oq AEAES a1 FH
I R 3 smadd affa R | sreEsE & e 1429 B /A0

A sample of fuel was found to have the following percentage analysis by weight :

C 80; H, 16; and ash etc. 4. Determine the minimum weight and volume of air
required to burn 1 kg of this fuel. Density of O, is 1-429 kg/m?. 10

s TR AT TS Wk % ATo7 GEE Wefiaw o # weias R-134a 1 Sudn foRAr
R | gufrm ok arsafe & amE 35°C @9 —10°C € 3R wefias &l 5°C & srasiiae
fepar T £ | Wiy e snaA R R A 0-03 ® | 3R T s 269-4 FHY
2 | grdtes &Y T T gEa AL 2800 rpm 3R 80% # | fowaR gEeE 1412 € |
forearfcor &% (i) Trdes @1 PR QEE (i) @edies & fefe w® wsitas & et
(iii) srasfiaed & frfe ) Teamerty (iv) aedies 6 sToaHl qeaaar T (v) weliaen @
ST VAT X | a5 & g o) [AfYE SSAT §afad & gerd WA 11 kl/kg-K
AT 1458 kl/kg-K @ | <97 AT59 T §[h €W SR TS & T Tgdl "4 o |

sth-d-mche 6




6.(b)

RO : Heids R-134a & Turernt
Table : Properties of Refrigerant R-134a

HES TATAY iy
Pressure | - °C | V,, (m/kg) | Enthalpy (kJ/kg) Entropy (kJ/kg-K)
(bar)
he | hy Sy S,
2-104 ~-10 0-0994 186-7 392.4 0-9512 1-733
8-870 35 = 249-1 417-6 1-1680 1-715

A single stage, single acting vapour compression refrigeration system uses R-134a.
Condenser and evaporator temperatures are 35°C and —10°C and refrigerant
1s undercooled by 5°C. Clearance volume per swept volume is 0-03 and swept
volume is 269-4 cm3. Compressor speed and efficiency are 2800 rpm and 80%
respectively. Expansion index is 1-12. Determine (i) Compressor exit temperature

(11) Enthalpy of refrigerant at compressor exit (iii) Enthalpy at the exit of the
subcooler (iv) Volumetric efficiency of compressor (v) Refrigerant mass flow rate.
Specific heat of vapour and liquid at condenser pressure are 1-1 kJ/kg-K and
1-458 klJ/kg-K respectively. Assume suction vapour dry saturated and isentropic
compression. 20

(i) frafafaga &t ameEm & () 99 q@ K&t () dTB-AEER afte 9%
(Ill) ¥g-Icates w9 (IV) Feags b7 |

(ii) %ﬁmmmﬁﬁwaﬁmﬁﬁﬁmaﬂm@qﬁmﬁﬁﬁ—m@ww
iger &t geraT, = i geraT, gt e 3k e = 9 s Seex &y
Tt | 3R T @y frm @ fag A .

= oo X X L X
noverall nbmier ncycle T’mechamcal T"generator

(i) Explain about (I) back pressﬁre turbine (II) by-product power cycle
(IIT) co-generation plant (IV) tri-generation plant. 10

(11) Define overall efficiency, boiler efficiency, cycle efficiency, mechanical

efficiency and generator efficiency of a Rankine cycle based power plant and
also prove that :

10

= % X x
.novcrall' nboi[er ncyc]c nn‘lcchanical ngcncrator

7 ; sth-d-mche



6.(c) TS TRiEAfTeR A GO FERW we T SIgnT § 10 @R ¥ 4 9R F TE & AWA
¥ Hieaw ¥ g o FIER AT | ThEw @ 500 n/s i T W wRA & fog
fBR He A Bed AT H aReher R | Cp ;= 1:025 kl/kg-K 3R
Cy, v = 0-735 kI/kg-K f |

A supersonic wind tunnel settling chamber expands air through a nozzle from a
pressure of 10 bar to 4 bar in the test section. Calculate the stagnation temperature
to be maintained in the settling chamber to obtain a velocity of 500 m/s in the test
section. Take Cp . = 1-025 kJ/kg-K and Cy, ,;, = 0-735 kl/kg-K. 10

7.(a) @Wmﬁ@qﬁ%ﬁ%wmmw%aﬁ?wﬁaﬁ@mmwm
105 &+ 2 sk iy 3000 sRfCH B | AS B0 18° B, w4 Hi R SR Wi A it
T AT 0-42 &, AT =0 K Tote € AR A SR A W ST 3 g
0-84 & | =g o1 FRfE o0 @AY FO A 3° FH g | AT FH waR R 8 T /dwve
2 | =E & fou 3 s ST @ ffaRad @ wEee FifSTg (1) s T afkorEt
uite (i) S R TN FO0E (iii) e W eld WG (iv) sed A S Otk S
(v) =i e |
The mean diameter of the blades of an impulse turbine with a single row wheel is
105 cm and the speed is 3000 rpm. The nozzle angle is 18°, the ratio of blade speed
to steam speed is 0-42 and the ratio of the relative velocity at outlet from the

. blades to that at inlet is 0-84. The outlet angle of the blade is to be made 3° less
than the inlet angle. The steam flow is 8 kg per sec. Draw the velocity diagram for
the blades and estimate the (i) resultant thrust on the blades (ii) tangential thrust on

the blades (iii) axial-thrust on the blades (iv) power developed in blades and
(v) blade efficiency. 20

' 7.(b) IWE 1
Satellite 1

EIRIEEUIRE]
Surrounding 3

11

e faot
Sun Rays

sth-d-mche | 8




7.(¢)

8.(a)

U Bier feen & gl o1 Swre e =@ 1 #ieX @, gt (| 6250 km) @
I8 & 300 km Y g W =FGHR Fe @ ¢ | foww w1 wwaa g8 g f adqe | @i
2 | THE F HdE H Icasiaal 0-3 3R AIAT —18°C B | IWIE | FEAT hl 3wl
$ e g &1 gikeperm i |

m?rzﬁﬁq:
(i) gzl U FHfvorert g 3R sited gt g8 oo 27°C © |

(ii) S9UE g-o@ H § |
(iii) SIE & TYATEROT HT S AW, Gﬁgaa'i?ﬂwmaé’r% a%q:@m%aﬁtamm
OK%I

(iv) EIEA e & (o) = 5-67 x 1078 W/m2.K4 |

A small disc-shaped earth satellite, ] m in diameter circles the earth (radius 6250 km)
at a distance of 300 km from the surface. The flat surface of the disc is oriented
tangential to the earth’s surface. The satellite surface has an emissivity of 0-3 and
is at —18°C. Calculate the net rate at which energy is leaving the satellite.

Assume that :
(i) The average earth surface temperature is 27°C and the earth is black body.
(1) The satellite is in shadow of the earth and

(iii) The part of the satellite surrounding not occupied by the earth is black and at
0 K. '

(iv) Stefan-Boltzmann constant (g)=5-67 x 107 W/m2K?*. 20

garaa (3FRAeE) ok saed (Tfthegem) & s wowaan fadiga fifSg | gAftes
TG 1 WEheq a<q ot faftat i faasmn =

Differentiate clearly between ventilation and infiltration. Discuss the methods of
estimation of infiltrated air. 10

W%ﬁﬁa4@$gﬁwmﬁ?qﬁwﬁﬁwﬁ—rﬁaﬂaﬁ%w&ﬂﬁ

oeqor sEfa =1 hr -
TR x TIF = 03 m x 0-45 m
oM @I = 114 kg

29 &1 FART AF = 42 MI/kg
giaa Aied worEl g = 6 bar
% W fEd WR = 1500 N
o ARALTH. = 300 rpm

9 sth-d-mche



9% g0 A9 =1-8m

9% 9 ™ =20 mm

Stehe fieq ST T /T = 600 kg

fias i@ # am afg = 55°C

frermet & wift W = 290 kg
e | aE = 420°C

frermet W@ it fafine e = 1.03 kl/kg-K

gfedsr e = 20°C

HIc[H Eﬁﬁi"{ -

(i) e e

(ii) s feh

(iii) gfra i gema

(iv) TH ol Jomad FA1Rq

The engine test on a single cylinder four stroke diesel engine has following
observations : ‘
Test duration = 1 hr |
Bore x Stroke = 0-:3 m x 0-45 m

Fuel consumption = 114 kg

Calorific value of fuel = 42 MJ/kg

Indicated mean effective pressure = 6 bar

Net load on brake = 1500 N

Engine rpm = 300 rpm -

Brake drum diameter = 1-8 m

Brake rope diameter = 20 mm

Quantity of the jacket cooling water = 600 kg

Temperature rise of cooling water = 55°C

Quantity of exhaust measured = 290 kg

Exhaust gas temperature = 420°C

Specific heat of exhaust gas = 1-03 klJ/kg-K

Ambient temperature = 20°C

sth-d-mche 10 -



8.(b)

8.(¢c)

Estimate :
(i) The indicated power
(i1) The brake power
(111) The indicated thermal efficiency

(iv) Draw up an energy balance sheet 20

Teh Ao €9 H 919 Befel Uad g AR 4000 m¥/min 5k 919 Y g
AT 8, THH G908 & SIER 20% M 54T 39°C DBT 3R 26°C WBT W @ a1
80% 9 UR&=RT &ar 24°C DBT 3R 50% RH W & | a1g S heett (Hfent wivd)
¥ 12°C R &6 Jaeqn # IR fisedt ® | ageifee 9 1 SwER aRd gy
(1)@3%Wﬁ(ll)$aﬁmﬁwmﬁmlwﬁmﬁ@aﬁﬁé
9 S g |

In an air-conditioning plant, an air handling unit supplies a total of 4000 m3/min
of dry air which comprises by mass 20% of fresh air at 39°C DBT and 26°C WBT
and 80% re-circulated air at 24°C DBT and 50% RH. The air leaves the cooling

coil at 12°C saturated: Using Psychrometric chart calculate (i) Total cooling load
and (i1) Room heat gain. Also show the process on Psychrometric chart. 20

AN wE A R (TW.eHALE) faft @ s@we s ge vl fafmmes %
faydwor & fog sifwEat @1 fafew | siqer aae & wee @, wfa vare sw
fafmfim & wa. .38 & fou s fofau |

Write down the assumptions to analyze a counterflow heat exchanger using LMTD
(Log mean temperature difference) method and also write down the expression for

LMTD in a counterflow heat exchanger with the help of terminal temperatures.’
10

11 sth-d-mche







CS (MAIN) EXAM:2018 EGT-D-MCHE
Tiftaes geltfadt (wy-g3-11)

Y ;T T sitFag 3% : 250
uya-um et e sgEm
(T 3 F o Pttt Gl S s eaeigds o)

@ mEl § 79 amE v o o R e 99 A oo #

TofiEan %) Fe e T % 3WoE R

w e 1 3R 5 afEd § o e v § 9 e e A F-A-wE U weT g A w3 A
el weE fam & T Frem o 3as wme o #

wwEl ¥ T T Wit mem 1§ T F9 i, e IEE mE wan-vs | e oo 8, oiw gm mem v
IEE TR (Fge e we) i & gy w AEe wm w fen s ey | mitegm e #F sl 9.
et mem § fad moam wowE e T )

v foman wem At #i gEunm 6 W, e wEen FHRE B s =i

w7l wmErEE A, /R T % fae fim oo wm o)

A 3w & owafee wd B, we ww s T W T R

E % vt ) e wEeEn @ anel siftE wn A o wEt F e o oft aem & aredt afl @ e e
B eI O a8 oS 9 s 9w % 9w R opia wR i)

MECHANICAL ENGINEERING (PAPER-II)

Time Allowed : Three Hours 1Maximum Marks 25{}]

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read cach of the following instructions carclully 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,

Cuestion Mos. 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) Bocklet in the
gspace provided. No marks will be given for answers written in a medium other than the
authorized ocne.

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
fguestion itseif

Unless otherwise mentioned, symbols and notations have 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.

E TR EE /8 1 | P.T.O.



1.

fa)

(b}

{c}

\WTE—A [/ SECTION—A

T F4 W AEEE H 9 30 vRE 9 8 oo b, el f ol e R
w7 BOW | wam 8 afmaf wf Bm 12 9 3w o @ 250 f9 ow=h w0 8 Rl &
ot kWh & & 7 1 TR F T W OE B F W o s e wvm o fgkm
wifam

The hghting needs of a classroom are met by 30 fluorescent lamps, each
consuming 80 W of electricity. The lights in the classroom are kept on for
12 hours a day and 250 days during a yvear. For a unit electricity cost of
& 7 per kWh, determine the annual energy cost of lighting for this classroom,

T W #EE, 002 m A i k= 1.2 W /m-K, ¥ 90 F1 #9%6 15 m*? ¥ dan $ =
sy = wE wE: 120 °C ¥ 50 °C W AeeE g9 T@ S R e 9 % s
T U F I FE gn dEn § aee giad sl e e R o m B gl w
TEE F i FifEm e # FEw g 8wl wm S s 8 =em 6w o e il

A plane wall of thickness 0-2m and £=1-2 W/m-K has a surface area of
15 m?. The left and right gides of the wall are maintained at 120 *C and 50 °C
respectively, Using the basic differential equation for heat eonduction,
determine the variation of temperature within the wall and the temperature at
13 m from the left. Also find the rate of conduction through the wall under
steady-state conditions,

ol 4 v W E w0 e um smn oo w Iy e wmn ok, e R R 1 @ i
TR G HE W E 21 CC W 9 R W W W ANEE -5 °C W g2 R, 7 W
T T A A S 135000 lad fhr B3RN0 U W) w@E ¥ AEEE Sibwen
o T T $ifeam

135000 e fhr

E T AU 8 2

10

10



A heat pump is to be used to heat a house during the winter as shown in
Fig. 1. The house is to be maintained at 21 °C at all times. The house is
estimated to be losing heat at a rate of 135000 kJ/hr when the outside
temperature drops to =5 *C. Determine the maximum power required to drive
this heat pump |

135000 ki) hr
1 Heart lozs

(d) TeEea e smfa F dea 1 e e w b e 1 e St e BeEe

fel

syl i R T e e wrEEt o == i

Differentiate between physical delay and chemical delay with respect to

ignition delay period. Also discuss the impertant engine parameters that affect
the ignition delay period.

AREEEE 2 W 20 °C 199 45 m/s F 3 H 19 3 F aed 9o e o A gaie e
#1 =gl Wi 1 5 60 °C AmeE Wl vd R wiEE Hiegs W 5<10°% W W oey
T A i # = gl wm Fifae, st @ dom om @i @ fage wE b owe @ o em
(i) zEmfers wrn avfly Hiwie wE R A ) s e sl e FE S e
ofrsrer Fifam | gl w9 3 dieEe aw whE w40 CC % e AEE W Ay
ERILCERE R

o9 = 1.128 kg /m?
JETF WA 1696 x107° m? /s
E=0-02755 W /m-K

Pr=0:7

10

10
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Air at 20 °C and at atmospheric pressure flows at a velocity of 45 m/s past a
flat plate with a sharp leading edge. The entire plate surface is maintained at
a temperature of 60 "C. Assuming that the transition occurs at a eritical
Reynolds' number 5% 10%, find the distance from the leading edge at which the
boundary layer changes from laminar to turbulent. At thiz location, also
calculate (i} thicknesses of hydrodynamic and thermal boundary layers and
(il local and average convective heat transfer coeflicients, Assume cubic
velocity profile and approximate method. At mean temperature of 40 °C, the
properties of air are the following :

Density =1:128 kg /m?
Kinematic viscosity =16.96 x10% m? /s
k =0-02755 W /m-K

Pr=0-7 10
2. fa) T IHF 10 kg 9 90 °C W T T | A TR 8 kg WF 39 F w9 W w1 w0 RN
A F w W, W) I R T o ) T E smwen s Pabo fifeg) = dod w1 @
AR THT % ToaE| # wEe Aiwmel T Im giewen g St
el 1+ wgR WA g
fafe s s FA R ]
_ m* kgl [t /el e g fhal /-]
R A, | Hgw g, | Eje o, | Oy Ee, | S, | @QE O, | B0V OR9, | W, | W9 W, | W@UEE, | AT, | 6EE AT,
! Feat vr i i U fp EH h h h
T g i i g Bf fg g
T (°C| kPa)
75 | 38597 |0-001026 4-1291 [31399{2161-3 | 29753 | 31403 | 23206 | 26346 | 1-0158 | cooss | 76812
B A4TAl6 [ 0-001029 | 34053 | 33697 | 214646 | 248146 | 33502 1 23080 | 2643-0 | 1-0756 | 65355 | 76111
85 ST-868 (0001032 28261 | 35506 ) 21319 | 29878 | 35602 | 22953 | 2651-4 | 11346 | 64089 | 75455
g0 | 70-183 |0001036| 23503 |376-97 | 21170 | 24940 | 37704 | 32825 | 26596 | 1:1920 | 62853 | 747E2
95 | 84609 [0-0DI040| 1.9808 |398:00|21020 | 25001 | 39600 | 22696 | 26676 | 12504 | 61647 | 74151
oo |101-42 001045 | 16730 | 41006 | 0870 | 25060 | 419-17 | 22564 | 36756 | 1-3072 | 6-0470 | 73543
A rigid tank contains 10 kg of water at 90 "C. If 8 kg of water is in the liquid
form and the rest is in the vapour form, determine i) the pressure in the tank
and (il the volume of the tank. Use the relevant data from the saturated water
properties (Table 1) provided below for the calculations -
Table 1 ; Saturated Water Propertics
Specific Volume Intarnal Enargy Enthaloy Ertropy
im? o) fled e fled /g [kl b K]
e, Gat. Sar. | Sat. Sat | Sat. Sat Sar Sat.
= pArRA,, liguid, | vapour, | Mguid, | Evap., | vapowr, | wped, | Evap., | vapowr, | lgued, | Evap, | vapour,
mp, | P
recy| mew | e | Ur |ty | v | AP | BE | R | fF | SR | %
75 | 385097 |00D1026| 41201 | 31300 | 21613 | 24753 | 214-03 | 23206 | 26346 | 1-0158 | 66655 | 7-6812
a0 47416 (0001029 | 34053 | 33497 | Zlac-h | 34816 | 33502 | 23080 | 26430 | 1-07%6 | 653535 | 76111
B5 | STEG8 |0001032|2-8261 | 35506 | 21310 | 24876 | 35602 | 2295:3 | 26514 | 1-1346 | 64089 | 7-5435
o T3 [ Q001036 | 223593 | 376-97 | 21170 | 2494-0 | 377-04 | 22825 | 26556 | 1-1929 | 62853 | 74742
a5 84-609 | 0001040 | 1-0808 | 20800 | 2102-0 | 2500-1 | 398-09 | 22606 | 20670 | 1-2504 | 61647 | 74151
100, {101-42  |0-001043 | 1-6720 | 419-06 | 20870 | 2506-0 | 419-17 | 2256-4 | 2675-6 | 1-3072 | 60470 | 7-3542
20
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(b} FieEA-wEEA ST R wieEd & o A e wn aesE 87
What is Reynolds-Colburn analogy? What do you mean by Colburn's j-factor? 20

fc) EEa % falie vfes @ F9-R 0 37 9w oim T F wiew A % aeegl wwrdl 6 A
=41 Hifam)

What are the different engine cooling systems? Also, mention the important
functions performed by the lubrication systems of internal combustion engine. 10

3. (o) TF FENTE, 9 TF A= R W W R, w9 SO 6 8| adfen 2 % e
H AEH 9 %@ FE: 27 °C #W 1 bar B %84 =6 0 N wEeA 1170 kJ kg B
Frafeanas wet #1 Fefen -

(i T T A
(i) =F F I IE
fii) WA e me T = A frim
fiv) HE H Y W s
g % = 7 = wm A e
C, =0-717 kJ /kg-K 3 y = 1-4
A heat engine workdng on ideal Otto cycle has a compression ratio 6. The

temperature and pressure at the start of the compression stroke are 27 *C and

1 bar respectively, Heat addition in combustion stroke is 1170 kJ/kg. Find out
the following parameters ;

il Maximum temperature of the cycle
fi} Maximum pressure of the cvcle
ji} Worke output per kg of air
fity  Air standard efficiency of the cycle
Assume the following values for air ;

C, =0-717 kJ/kg-K and y=1-4 20
(b wie % el v sl adfies A Fe el fo .

=M = 11500 r.p.m.

Y T EE A = 21 °C

farin Aen wém W §5 gEEEA = 4 bar, 1 bar

af 309N W W 75 om B 2w e 092 9, @ ades f) sgm e ey

A centrifugal compressor under test gave the following data

Speed = 11500 r.p.m.
Inlet total head temperature = 21 *C
Outlet and inlet total head pressure = 4 bar, 1 bar

If the impeller diameter is Y5 cm and slip factor is 0-92, what is the compressor
efficiency? 20

TS oL /8 5 | P.T.O.



fic)

fa)

(B

5cm =H F A (k=205 W /m-K) F1 328 4 7.5%107 W/im? f e w @
o) 3 El B @8 F 9n) w R aem § owfes wm w0 120 C W oS5 kw/m i K ¥
Fw1 AT I ¥ A whwEta G a b e ad w sl weae e 6fm)

Heat is generated uniformly in uranium (k=29.-5 W /m-K) rods of 5cm
diameter at the rate of 7-5x107 W /m?_ Cooling water at 120 *°C is circulated
in the annulus around the rods with heat transfer coefficient of 55 kW /m2-K,
Find the maximum temperature of the fuel rods.

wr wfEre s R @ el (0, = 4187 k) /ke K) 1 14 kg/s B m B, 40°C F
TO°C &, ¥ [Cp, =1-9 kJ/ke-K) ) woma @, &) 6 110 °C ®= wim #m & afn
60 *C W = T B, o B w2 wEes uw d9wn & siwee i, w=h 59
FeH A PE 350 W /m K R W W g@ & e s ie ) owe w oad iR om
ael % Frra A w IReeeR T = T ware 6w s e d W R, e e
art = T g arEe S e s ) = ft e fifam

Water (T, =4-187 kJ/kg-K} is heated at the rate of 1'4 kg/s from 40 °C to
70°C by an 0il {C,, =1-9 kJ/kg-K) entering at 110 *C and leaving at 60 *C in a
counterflow heat exchanger. If the overall heat transfer coefficient is
350 W /m*-K, calculate the surface area required. Using the same entering
fluid temperature and the same oil flow rate, calculate the exit temperatmre of
oil. Also calculate the exit temperatures of oil and water and the rate of heat
transfer, when the water flow rate iz halved.

TE FEEEEE 5000 m FEE W ¥HH W 250 m/fs @ 32 w1 b, s angpeeE T
54:05 kPa w41 Wiam =1 a9RE 2557 K ) ddtes 8 Ww w0 @ gl oitheh 5 #
T (Rwgm) 3 famafm fen (R 2 3fm) ) frams man oftes 360 %) mooid T
7u T P <fifa -

it adss F T W Ry T

(i) AR wftss § e TE W oagem 8 R, a aheT ¥ fm vEws 59 uh T e

T=255TK
Py=54:05 kPa —
¥i=250m /s

Foy Ppg
Tos  Tog
= 2

EHTD U/ 8 6
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An aircraft is flying at a cruising speed of 250 m/s at an altitude of 5000 m,
where the atmospheric pressure is 54-05 kPa and the ambient air temperature
is 2557 K. The ambient air is first decelerated in a diffuser before it enters the
compressor (see Fig. 2). Approximating both the diffuser and the COMPressor to
be isentropic, determine the following :

fil The stagnation pressure at the compressor inlet

(i) The required compressor work per unit mass, if the stagnation Pressure
ratio of the compressor is 8

T=2557K
P,=54-05 kPa
Vi=250m/s

Fig. 2 20

fe) T T HafE, Fw S 320 mm b, A 3fm 9 #odnfn i s @ B -153
W T ¥ UE A 27 °C W W R uE w viem w5, firew w360 mm 3,
HoEn R A e ¥ e F wm w e s R o 2 e e S i,
Tl sreE 003 B, & wae =2 o vm 21 3@ 9 % Iow W T 210 kjke
o1 g s 9 & e 6w i

Liquid air boiling at -153 *C is stored in a spherical condenser of diameter
320 mm. The container is surrounded by a concentric spherical shell of
diameter 360 mm in a room at 27 °C. The space between the two spheres is
evacuated. The surfaces of the spheres are flushed with aluminium of
emissivity 0-03. Taking the latent heat of vaporization of liquid air as
210 kJ /kg, find the rate of evaporation of liquid air. 10
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5. (al
fb)
fe)
{d}
(e}

6. o

wvE—RB / SECTION—B

l{gu-&ﬂﬁnﬁ'&ﬁﬂ mnﬁﬁ%mﬁﬁﬁﬁiﬁﬁ??ﬁﬁqﬁwml

How are the ratings of the SI and CI engine fuels done? Explain in brief.

TN i =599 § s A F g sl =

Menlion the desirable characteristics of the working fluid in a steam power
plant.

et & geaaa fen o are fafim wen % adiesl 1 dd 3 g
Explain briefly the different types of compressors used in refrigeration.

a1 T1TeR WA T U RN ST S
Make a tvpical layout of steam power plant,

WS SR AU TR AINE R B Sard] = W AnE # . s =

What are human comfort and effective temperature? Sketch comifort zone on
pavchrometric chart.

W WA TEEA ¥ v iy Pl §
=18 #l =1 = 300 m/s
S B Tt el ) e = 450 kd kg
e = 2eE = 08
T = 200
wHE W A P = 085
=2 F W Fm - 25°
T s g A 1 ke/s #) TREE @R 7 o FeEteie s g S
fij =9 =S W WA w
(i) = i
(i) = I e a6
fi) A T (SISO o)
fu) WM R FO =2 W FE e

The data pertaining to an impulse turbine are as follows :
Blade speed = 300 m/s
Isentropic enthalpy drop in nozzles = 450 kJ/kg
Mozzle efhciency = 09
Mozzle angle = 20°
Blade velocity coefficient = 0-85
Blade exit angle = 25"

EAF TR U B 8
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Sketch the velocity diagrams and caleulate for a mass flow rate of 1 ke/s the
following
fi) The inlet angle of moving blade
{iil The axial thrust
(i} The driving force on the wheel
fi} The diagram power
{4} The energy lost in the blades due to friction 20

fb) T TEEETE W9 § AR B IR-aeE TR A T -wee AeE SEE: 35 °C A
28 °C = M| (5 919 FA, i) 2l s, ) e s, ) w8 S w5 ae,
fu) ¥ g F1 AR ey Bem ) wdeh w0 ouiEew iR d0dm W o
1-01325 bar ®| FRFARE = = 30m 78 =60 #) 96 % A = G990 9@ 35 °C sin
28 °C T #W: 0-05628 bar 791 0-03782 bar 2| 9Hl & @ 1 wifes 7= = wgh
AMEE 256 °C B
In a laboratory test, a psychrometer recorded dry-bulb temperature as 35 °C
and wet-bulb temperature as 28 *C. Calculate (i) vapour pressure, {1} relative
humidity, fii) specific humidity, (iv) vapour density in air, (v dew point
temperature and (1) enthalpy of mixture, Barometric pressure is 1-01325 bar,
Do not use psychrometric chart. Saturation pressures of water vapour at 35 *C
and 28 °C are 005628 bar and 0-03782 bar respectively. Saturation
lemperature at partial pressure of water vapour is 256 *C. 20

fc) o Ae T F THA RS T WWHE AT TR A @ W s B 37 Hie amge
Tt & T S T % we wel F i e v i i
What is the difference between direct injection and indirect injection type

combustion chambers of CI engines? Make labelled diagrams of any lwo types
of combustion chambers used in Cl engines. 10

7. fa) U En-EE AEE T ¥ TR wiam F o fie S am g
Iorl (Terdiedl) ) gew = 4
24 %1 =118 = 10 cm
i ) w=E = 15 cm
giaa 7wl 5| - 067 MPa
=il = 2000 r.p.m;
farerd] £ o= = 980/ minute
¥ AH-7E = 181-5 N-m
A @ = 1189 kg/hr
T W FEH AE = 41800 kJ/kg
AE A (FF T F 2T W) = 05
e 7T 79 B 5= = 1020 ke/hr
i+ wel & wowe 9 = 35 °C
wiie Wt 6 ffie 3 = 4418 ki /kg-K
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T daen o smen w Pt R weE S e fif
(i A Zew

filp W A

fitl) AT HIE S8

fiid]] w7 fafire 3 =@

() Fe i o T AfETE S e

During an engine trial of a four-stroke diesel engine, the following observations
were recorded :
No. of cylinders = 4
Diameter of piston = 10 cm
Stroke length = 15 cm
Indicated mean effective pressure = 0-67 MPa
Speed = 2000 r.p.m.
No. of explosions = 980 per minute
Brake torgque = 181:5 N-m
Fuel consumption = 11-89 kg/hr
Calorific value of fuel = 41800 kl/kg
Relative efficiency (on brake power basis) = 05
Quantity of jacket cooling water = 1020 kg/hr
Rise in temperature of coocling water = 35°C
Specific heat of cooling water = 4-18 kJ/kg-K

Based on the above oheervations, find out the following engine parameters :

fil Mechanical efficiency

fiy Brake thermal efliciency

(i) Air standard efficiency

fiv)] Brake specific fuel consumption

fi} Percent heat loss to jackel cooling water 20

) i) T - g () 3§ T ee F aied w5 e R A o e w
w1 IO B, e Fifa

Discuss the effect of variation of back pressurc on mass flow rate and
pressure distribution in a convergent-divergent nozzle.

i) qE (Fre) & s wfegs vEE § e e e B

What do you mean by supersaturated flow of steam in nozzles? 20

fc) TS AT o % U wes aw Sy af TEE W R AEsmieE =1 9 aniEn
Draw a neat sketch of summer air-conditioning system and show the process
on psvchrometric chart. 10
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B. (a) W¥lH-12 W smaiE vF weiifs (GFte) 3 92% 99 20 kJ/s & o w w95 wowm

won B, Fomdl g ) Wt 1.509 bar s 9607 bar #| F19, AT ¥ 3755 won wary) 2
A et B oAl el € ameioe 98 B w2 98 93 F e sraves ofE W Ak
#ifam) 3 wfie® 300 r.p.m. TEE w0 ¢ smE e A, FHiF A F 3%
7, A Witz & T = e gm B @fes § fwan o fam ey ? - fm e 2
Hafa % Trg W 9= F e s 0747 k) kK B -

wnefl ; mEE R-12 3 o

] t Uy el kgl | TR (ke fke-K),
{bar) (G | (m® /kg) | hp Ag Sq
1-508 | —-20 | 01088 | 5423 | 17861 0-7082
9607 40 - 7453 | 203-05 0682

A Freon-12 refrigerator producing a cooling effect of 20 kJ/s operates on a
simple cycle with pressure limits of 1:509 bar and 9-607 bar. The vapour leaves
the evaporator dry saturated and there iz no undercooling, Determine the
power required by the machine. If the compressor operates at 300 r.p.m. and
has a clearance volume of 3% of stroke volume, determine the piston
displacement of the compressor, For compressor, assume that the expansion is

following the law PV''? = constant. Specific heat of vapour at condenser
pressure is 0-747 kJ/kg-K ;

Table | Propertes of Refrigerant R-12

Pressure ¢ Yy Enthalpy {kJ/kg) | Entropy (k) /kg-K),
{bar) | Q) | (m? i) | By hy 5
150 =20 O- 1088 2923 | 17861 -TO8E2
G-607 40 = T4-53 | 20305 682

by = i e R s e s, w1 9% o sgm = W N ww B wmg #owEm of
=gt o el sl = s § o ol wm R = v B
Explain how the ideal regenerative cycle may approach to Carnot cyele
efficiency. Also, mention the reason as why ideal regenerative cycle cannot be
achieved in practice.

fe) ST NH , -ears s s3fies 99 5 seweneh £ ke £ aemm 4 aesmsn
Explain the working of practical NHy-water vapour absorption refrigeration
system with a diagram.

*h
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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.

SDF-B-MCHE/11 2

10

10

10




(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.

SDF-B-MCHE/11 4
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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.

SDF-B-MCHE/11 6
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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

SDF-B-MCHE/11 8
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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?

SDF-B-MCHE/11 . 10
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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

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

* & ok
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MECHANICAL ENGINEERING (PAPER-II)
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URC-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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@Us—A / SECTION—A

1. (a) Y Th M @ o & ddfies § qi@W TM 100 kPa 791 25 °C W T9g A1 W AW A
T 1 MPa @1 347 °C W 90 m/s ¥ W a1 Pt §1 6died 1 1500 kJ/min 6w A
38 T § ww ddfiew § wiw FAW 250 kW A ¥ Uied § ¥ g H FEmE EE T 9@
fm) T F T C, = 1-005 kJ /kgK, C, = 0-717 kJ /kg-K @1 R = 0-287 kJ /kgK
A sy
Air enters the compressor of a gas turbine plant at ambient conditions of 100 kPa
and 25 °C with negligible velocity, and exits at 1 MPa and 347 °C with a velocity of
90 m/s. The compressor is cooled at a rate of 1500 kJ /min and the power input to
the compressor is 250 kW. Determine the mass flow rate of air through the
compressor. For air, consider Cp =1-005kJ /kg-K, C, =0-717 kJ /kg-K and
R=0-287 kJ /kg-K. 10
(b) T 800 W H Wy fogq v=d N R wizw, Rreh Werf L=0-6 cm, 3R &awa
=160 cm? 991 S8 ARA k = 60 W/m-K ¥, W frar fiftg IR 9 & A-RF Y8 W
L @l Wiy ATee R/ S T S gee @ @ ¥ S e e ored o S &, a9
fEeh1 % STEQ 98 F A 112 °C A1 Sl ¥) Tl % S0 v A R of se-af e A
@ Fo—

() o d | el H-frfm sun 9w ¥ Rw saww it 9 aRdm shew =56
g |
(i) TR TR I T A T IMUR IR § amAE qiad F e w6 wnfta Hivg; |
(i) R I8 F AHH P YT T | -
Consider the base plate of an 800 W household electric iron with thickness of
L=0-6cm, base area = 160 cm? and thermal conductivity k = 60 W/m-K. The
inner surface of the base plate is subjected to uniform heat flux generated by the
resistance heater inside. When steady operating conditions are reached, the outer
surface temperature of the plate is measured to be 112 °C. Disregarding any heat
loss through the upper part of the iron—

(i) express the differential equation and boundary conditions for steady
one-dimensional heat conduction through the plate;

(i) obtain a relation for the variation of temperature in the base plate by solving ‘
the differential equation;

(iij) evaluate the inner surface temperature. 10

(c) @m;ﬁmwiﬁﬁlﬁ,ﬁﬁmﬁ%@mm@mﬁmﬁmﬁm
A B B

Derive an appropriate equation to show that a divergent duct acts as a supersonic
nozzle. 10

|

|

|

(d) T o T I FowEt A, BAd C % i &1 o #1 S99 SwEt A a0 B, S o 1
Ty 3R Tp 9H W W T E, Fo0 i W@HAR 71 @G e § 9o FHRE C R, N T

AYHH R 7@ R, S FRiYa Fe ¥) A i owm s SR R e f o TR, AR |

SRR A a1 c%aﬂamwalﬁaaﬁm%;‘—"=(2a—n+2(1—a);_f‘.
B c
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A reversible engine works between three thermal reservoirs A, Band C. The engine
absorbs an equal amount of heat from the thermal reservoirs A and B kept at
temperatures T, and Ty respectively, and rejects heat to the thermal reservoir C
kept at temperature Tc. The efficiency of the engine is o times the efficiency of the
reversible engine, which works between the two reservoirs A and C. Prove that

Ta _ oo - —oqla
T Qo - 1) +2(1 a)TC.

(e) M= =% & W9 H T F9 INAEF @ I 27 T-s 3@ it FgrEar @ W= =% F folm aon
R W GG F I B AW

When does reheating of steam become necessary in Rankine cycle? With the help of
T-s diagram, explain the effect of reheating on the Rankine cycle output and
efficiency. 10

2. (a) 3mwmﬁqawﬁaméaﬁ,shsrmﬁ1atmam-196°cuwa=nsam@mﬂmﬁ%,
qzﬁanﬁﬁméiﬁqﬁ%:ﬁw,ahlswmﬁmmﬁaﬁaamﬁmmw
35 W /m?-K ¥ ®r &, & aTga 81 waeht Fi el MR S 5 ao o a8 2 S ar
mm%lqﬁsﬁa@ﬁmm%méﬁﬁﬁmﬁwamﬁmaﬁﬁq,
afe 3t () Aa =}, (i) 5 cm WA FEETE g6 A (k = 0- 035 W/m-K) & IR ¥ aun
(ii}) 2 cm WA ARAE, Rrgeh Tt S0 TRAA 0-00005 W/m-K ¥, @ At 21 59 A
N AT FAT 198 kJ/kg T 301 1 atm R 99 810 kg /mS qH wifT)

Consider a 3 m diameter spherical tank that is initially filled with liquid nitrogen at
1 atm and -196 °C. The tank is exposed to ambient air at 15 °C with a combined
convective and radiative heat transfer coefficient of 35 W / m2-K. The temperature
of the thin-shelled spherical tank is observed to be almost the same as the
temperature of the nitrogen inside. Determine the rate of evaporation of the liquid
nitrogen in the tank as a result of the heat transfer from the ambient air if the tank
is (i) not insulated, (ii} insulated with 5 cm thick fiberglass wool insulation
(k = 0-035W/m-K) and (iii) insulated with 2 cm thick superinsulation which has
an effective thermal conductivity of 0-00005 W/m-K. Consider the heat of
vaporization of liquid nitrogen as 198 kJ/kg and its density as 810 kg /m3 at
1 atm. 20

(b) @Wﬁwﬂ%ﬁmﬁwmaqumgﬂﬁmmmmﬁmm%lw
HJH N 7-0 TR R A F 33wl ¥) 390 ¥ F8 (W) W 3-6 IR 1 7@ W W@ Ah F
T iR e & AW FE: 538:5 mm T4 75 mm ¥) AgA F AW W 9 H AT 10 m/s B
oo ) IO AER G AT A T R e SR (9 % T & el g awen @

10

g
|G 59 F
faRre amga fafkre et fafire T2idt
.
e’;ﬁ” (}‘g‘)‘ (m3 / kg) (kJ /kg) (kJ /kg-K)
vf Vg hg hg sf Sg

36 1400 000108 0-511 5886 27337 1-738 6931
70 165-0 0-001108 0273 6972 27635 1-992 6-708
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The mass flow rate of steam flowing in a pipeline is measured with the help of a
well-insulated Venturi meter. Dry saturated steam at 7:0 bar enters the Venturi.
The pressure at the throat of the Venturi is measured to be 3:6 bar. The inlet and
throat diameters of the Venturi are 538:5 mm and 75 mm respectively. The velocity
of steam at the inlet to the Venturi is 10 m/s. Calculate the mass flow rate of steam
neglecting friction. (The properties of steam are to be taken from the steam table as
given below) :

Properties of Saturated Steam

Specific volume Specific enthalpy Specific entropy
Pressure, P tsat (m3 / kg (kJ/kg) (kJ/kg-K)

(bar) °C)
vr Vg hg hg Sf Sg
36 1400 | 000108 | 0511 588-6 2733-7 1-738 6931
7:0 1650 | 0001108 | 0273 697-2 27635 1-992 6-708

20

(c) U& GfieF § 9 suiadl v % ¥ A 140 kPa, 17 °C @1 70 m/s W W9 &l 3 @
350 kPa, 127 °C @1 110 m/s W o sl §) wafem 7 °C W {1 Wi kg 97 i T0A
HRT—() FH N AR TR T F R, () W T FE F g aw (iii) A R
srufesea & fw) O & fog €, = 1-005 kJ/kg-K a1 R = 0-287 kJ/kg-K wifsm)

Air enters a compressor in steady flow at 140 kPa, 17 °C and 70 m/s and
leaves it at 350 kPa, 127 °C and 110 m/s. The environment is at 7 °C.
Calculate per kg of air for (i) the actual amount of work required, (i the
minimum work required and (iii) the irreversibility of the process. For air, take
Cp, =1-005 kJ/kg-K and R =0-287 kJ/kg-K. 10

3. (@ T W, S 50 whwa SRk Ea TaTE WY TERA W T I ws Jod PG @, W
5T 99 S 140 cm 21 =¥ 991 WY 6 e F A 0-7 ¥ YU I« 3000 r.p.m. R
af fofn B 20° 2, W e H R avF T3 B0 FE@ FRE TR I IRW fho WMo yalRa
a1 % R wd ik st zaa @ o Putor AR & T e e 3 Fein s F e ak s
TEaW TETER STEe 3 R e frg g § aon waten dare 99 W 9O €, @ ARa qu H
wreraan gie hit Tor AR

One stage comprising a pair of blade rings of a 50 percent reaction axial flow
steam turbine has a mean ring diameter of 140 cm. The blade to steam speed
ratio is 0-7. The speed of rotation is 3000 r.p.m. Determine the required
entrance angle for the blading if the exit angle is 20°. Also, determine the work
done per kg of steam flowing per second and the diagram efficiency. Calculate
the percentage increase in diagram efficiency if the blades are designed for,
and run at the best theoretical speed corresponding to the optimum operating
condition, for the given steam speed and the exit angle. 20
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() () wum Fam g, i Fam g qo SH 2w § Gy e iR

(i) T FiAER F TR A FWREL, S 1000 °C WM 40 °C R B, F v wE W @ ) T
T Wi wefifam, st 40 °C awn -10 °C ¥ 7o }, A d=lerd AW W@ ) 9 F I
e h AEH 4000 kJ a9 1000 kJ % € Frin w1 i v, woiRa 9 gehfes gomeh
B W At }1 (1) TS B S Aol Y A A (2) 40 °C F FWEE W SO AW
= 38 "E i v A

() Establish the relation between 1st law efficiency, 2nd law efficiency and
Carnot efficiency. 5

(i) A reversible heat engine operates between two thermal reservoirs of 1000 °C
and 40 °C. The engine drives a reversible refrigerator operating between 40 °C
and -10 °C. The amount of heat transfer to the engine is 4000 kJ and a net
amount of work output of 1000 kJ is obtained from the combined engine-
refrigerator system. Determine (1) the amount of heat transfer to the
refrigerator and (2) the net amount of heat transfer to 40 °C reservoir. 15

c) 2mx 3m ¥ Th TG fRH T FR T W IR a2 @ ¢ 0F 3 m aw=h o & e =
6% Y81 F FAFR Faied & W ¥ G U W q9HE 991 g9 1 AT FE: 20 °C 3R 7 m/s
B uftw W i@ g ot 9@ 7E 37 0-86 N uEn | wide % R shwa daes s siw
oI 1d i)
g ¥ fw 20°C @w 1atm W T & p=1.204 kg/m?3, Cp =1-007 kJ /kg-K,
Pr = 0-7309.
A 2 m x 3 m flat plate is suspended in a room and subjected to air flow parallel to
its surfaces along its 3 m long side. The free stream temperature and velocity of air
are 20 °C and 7 m/s respectively. The total drag force acting on the plate is

measured to be 0:86 N. Determine the average convective heat transfer coefficient
for the plate.

The properties of air at 20°C and 1atm are p=1-204kg/m3,
Cp =1.007 kJ /kg-K, Pr = 0-7309. 10

4. (q) U U-FRa frea/Rifds # & W B (R i § < sgar) @ wifa fwn @, e
@ f@ri® 100 kN/m ¥ qu1 e 1 SIR-F &%et 0-1m? ¥ Riftrer, R it
AT 20 L 8, 919 1 200 kPa 91 9f@eft a9 300 K W iafie o §1 R § w =
M} S 3 AFAT 50 L § IR W W I 81 T 91 Rifv N o a1g angfd @ @
sirgat @ St a1y 800 kPa, 325 K W yaiied & 1t #1 arca # 3  @ia e 7 § ok % 91y
FI q9 TH FAR] N a1 99 % % RafeFex 1 T@ aon a9 sw: 800 kPa 3k 350 K 7@ &
AT B THH 918 Aled 95 R oA A @ 9w weEn A T ) S R sifm srawen ® w7 s
R R e 87 WA % A S 0 1 Raie fif) afg F fw Cp, = 1.005 kJ /kg-K
q R = 0-287 kJ/kg-K difse :
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A frictionless piston/cylinder is loaded with a linear spring (as shown in the figure
below) having a spring constant of 100 kN/m, and the piston cross-sectional area
is 0-1m?. The cylinder having an initial volume of 20 L contains air at 200 kPa
and ambient temperature 300 K. There exists a stop in the cylinder which prevents
its volume from exceeding 50 L. A valve connects the cylinder to an air supply line
flowing air at 800 kPa, 325 K. The valve is now opened, allowing air to flow in until
the cylinder pressure and temperature reach 800 kPa and 350 K respectively. The
valve is then closed and the process ends. At the final state does the piston reach
the stop? Calculate the heat transfer during the process. Take C, = 1-005 kJ /kg-K
and R=0-287 kJ/kg-K for air :

i A4 5 A7 4

i
20

(b) T Wia-vare R-weh Fom fafmRE # 1-2 kg/s A A 5 H 20 °C | 80 °C T T F1 R
A B - e, S 160 °C T 2 kg/s FANH WER | W IqoE T, § IW HAT RN
AR 2o Jaeh <R arelt 3R 1-5 cm =@ Hi ¥) 9l Fon fafmRe w1 Al s siaw i
640 W /m2-K 9, 9 difsa a9 ) 7w 0 ¥ e o0 fifmfe f sews o= @ fikg)
ol a1 - A A fake Fesilt S e 4418 kJ/kg-K 3R 4-31 kJ/kg-K i)

A counter-flow double-pipe heat exchanger is to heat water from 20 °C to 80 °C
at a rate of 1:2 kg/s. The heating is to be accomplished by geothermal water
available at 160 °C at a mass flow rate of 2 kg/s. The inner tube is thin-walled and
has a diameter of 1:5 cm. If the overall heat transfer coefficient of the heat
exchanger is 640 W /m2-K, determine the length of the heat exchanger required to
achieve the desired heating. Take specific heat of water and geothermal fluid as
4-18 kJ/kg-K and 4-31 kJ/kg-K respectively. 20

(c) TH W Ae G4 A 31 Bgel h wemar § wuene fF ol v et we-aw =1e 81 § ST
TG YaE TR F 9§ 91 R 1@ R sm-as% s 31 € 3 WA Yo 9@ ¥ w9 § .
T e R

Explain, with the help of velocity triangles, why centrifugal fans with backward-
curved blading are used for forced draught fans, and centrifugal fans with
forward-curved blading are used for induced draught fans in a steam power plant. 10
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@us—B / SECTION—B

5. (a) difsa &9 Q 559 A1 = 89 I Fafie 92w+ gaarers 9 F 9 % T 9ot % TR
R, Sl Tho 3MMgo YUl o HZo I9HT A TR I HH HLl £

THo 37730 357 | Hio 3750 T
(=/F=) | (3=/f=)

FHUET |  HEH

Give a comparative statement in the form of a table of the various factors desired to
be high or low which tend to reduce knock in Sl and CI engines.

SI engine CI engine

Sl. No. Factor (High/ Low) (High/ Low)

10
(b} TH W 1T GV Wefiad a5 % SEeH aHH SR 100 °C; HuFA a9l 3R 45 °C;

i 2 °C. a3 A wefiad &war 125 kW a9l 9 # o fAw 180 kW B Y&+ w4 & wF
0T R )
() & & FsarEa o (o 3o o) qUl F& TSN WA R I FHCY
(i) TF FAERS Tl Har ¥ B g 9 F wft semal # gurR % a8 FI0 FAw @

90 kW d% W & M, Fafh Fefiad &mar a1 Yoo argnH qd i wifd & @) 3@ H

goan H siftg i)

The operating temperatures of a simple vapour absorption refrigeration system
are—generator 100 °C; condenser and absorber 45 °C; evaporator 2 °C. The system
has refrigeration capacity of 125 kW and heat input to the system is 180 kW. The
solution pump work is negligible.
(i) Find the COP of the system and total heat rejection rate from the system.
(i) An inventor claims that by improving the design of all the components of
the above system, he could reduce the heat input to the system by 90 kW,
while keeping the refrigeration capacity and operating temperature same
as before. Examine the validity of the claim. 10

(c) TH A& Yarg Y& 1200 r.p.m. W HA FAT Bl AS & 3@ P16 AW 1-1 m a1 7 (39)
F M@ 0-8 m &1 PH ad % ARG A F A w1 Fu w0 F: 30° qu1 60° B i
e 39 V= H TAY WP a6 S TRY 60° F U W FAF 98 211 R IR F AR-IR AT &
FEg Ega § HE S & Qa1 &) () @ T A A TaR R AYT (i) T H Gl FA H
o =an w1-smepl aur v w1 Rafor AR 9 F e B 1-225 kg /m3 6iftm

An axial flow fan operates at 1200 r.p.m. The blade tip diameter is 1:1 m and hub
diameter is 0-8 m. The blade inlet and exit angles are 30° and 60° respectively with
respect to the plane of rotation. Inlet guide vanes give the absolute flow entering
the rotor at an angle of 60° with the plane of rotation. There is no change in the
axial component of velocity across the rotor. Determine (i) the volume flow rate
through the fan and (i) the minimum torque and power needed to drive the fan.
Take the density of air as 1-225 kg /m3. 10
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(d) 1-D WATH Yare ¥ NUR R, Wigy fF ww ufadda fawa Jell aifeft & fordt aedr w
% qEa M, =32 ¥ &a%a A R Fieeq wefta @
A =1[L(1+1:3M2)]%’
A* Miy+1 2 .
&l A* aifeft 61 fawa R 9T M = 19 A9 @ 8|

On the basis of 1-D isentropic flow, show that in a duct of varying area, the
Mach number M at any section is related to the area A of the section by

Y+1
= 3(y=1)
A_1 _?__(1+Y_1M2) =D
A* Mly+1 2

where A* is the area of the duct corresponds to M =1 10

(e) G % wozEY ¥ e weifem # FREE TR B o= IWH A F wnG w0 i IugE w
e 81

Explain in brief as to why capillary tube is preferred to other throttling devices in
household refrigerator. 10

6. (@) TF A oW, S TY-AEG R-h R AW B, F Rt AR 250 mm IR GF N T=E
300 mm ¥ THST T FUR AW FA: 10 9 6 Bl 9 T A F g UG I 9 AN
FAN: 1-0 R F 27 °C ¥ fOR 3@ W @ Wit Fwn, R e | @ @t Fom 6 g )
oft yy@ forgelt @ g 3l am w1 Pufor AR aon 9% A TY-I7F @@ I FRC FE F
JEHE AFAA B oft e AT wF w1 p-V M@ ditg) g $ fow oy =1-4 @
Cp = 1-005 kJ/kg-K wifg|
An oil engine operating on air-standard dual cycle has cylinder bore of 250 mm
and stroke length of 300 mm. The compression and expansion ratios are 10 and 6
respectively. The initial pressure and temperature of air before compression are 1-0
bar and 27 °C respectively. The heat added at constant pressure is twice the heat
added at constant volume. Determine the pressure and temperature at all the
salient points in the cycle, and the air-standard efficiency of the cycle. Also,
calculate the clearance volume of the engine. Draw the P-V diagram of the cycle.
Take, for air, Y =1-4 and C, = 1-005 kJ/kg-K. 20

(b)) UF @RI %ERU A=/ AN Th 12 TR &a1 & Wefiaq Fem, Red s =1 wgw 9@ -8 °Cc am
Hafs #1 qI99H 30 °C B, Sl JEvEwdl 81 TEias R-12 F W 99 # a9 & 9§ 5 °C
I9saa qu aT ) TheE § W_@w % g arfeaw 3 6 °C Afvanfua frn S @1 IR 3@ 9o ams
H fake o waw: 1-235 kJ/kg-K a9 0-733 kJ/kg-K &, @ (i) 9t fho Tmo w=fiaa 1w,
(i) it e waia wefias &1 g=@m adn (i) Fsare e (dio 3o dio) wa HRM) R-12

wefiaes % v o1 g €
5 . T (kJ /kg) Tt (kJ /kg-K)
#gw a9 (°C)
e arg 7 ar
30 6459 | 19962 | 02400 | 06853

-8 28-70 18406 | 0-1148 0-7007
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A food storage chamber requires a refrigeration system of 12 TR capacity with an
evaporator saturation temperature of —8 °C and condenser temperature of 30 °C.
The refrigerant R-12 is sub-cooled by 5 °C before entering the throttle valve, and
the vapour is superheated inside the evaporator by 6 °C before entering the
compressor. If the liquid and vapour specific heats are 1:235 kJ/kg-K and
0733 kJ/kg-K respectively, find the (i) refrigerating effect per kg, (i) mass of
refrigerant circulated per minute and (ifi) COP. The relevant properties of the
refrigerant R-12 are given below :

Saturation Enthalpy (kJ/kg) Entropy (kJ/kg-K)
temperature (°C) Ligquid Vapour | Liquid Vapour
-8 28-70 184-06 0-1148 0-7007
30 6459 | 19962 | 02400 | 06853
20
() 50% R aen T T gt yarE qhed 98 % IR qu v <vet § Fefafea vare =
TR 9 § (T B/ &/ WA §), T uF arofi % w9 T IR -
(i) X A
(i) fesw =
(iii) U AHHH
(iv) W <4
() Smifdes am
(vi) g am
et T-s s sft wifew)
Show, in the form of a table, how the following flow parameters change
(increase /decrease/remain constant) in the rotor and stator blades of an axial flow
compressor stage with 50% degree of reaction :
(i) Static temperature
(iij) Static pressure
(iii) Stagnation temperature
! (iv) Stagnation pressure
(v) Relative velocity
(vi) Absolute velocity
Also, draw the corresponding T-s diagram. 10
| 7. (@ TAEREG R A GG 90 90 9 T 39-6 m> /min Fw w6 e Feel, S 31 °C T
| oos A9AH R 18-5 °C A dcd dYaH W &, § Yo A ¥ el F IR 1 AWH qEH
- 44 °C ) Fcit F Y8 F A% @ THR ¥ F 98 ag i & i w@w sEEn # 12:5 kW W
| wefiem Fft| Feeh A FrereR aTeh a1y 1 56 do9 9 NS Fed AH AU I JoRH Fd HiTg)
. (TR = 98 o 10 # e R)
39-6 m3 /min of a mixture of recirculated room air and outdoor air enters a cooling
coil at 31°C dry-bulb temperature and 18:5°C wet-bulb temperature. The
apparatus dew-point temperature of the coil is 4-4 °C. The surface area of the coil
is such that it would give 12:5 kW of refrigeration with the given entering air state.
Determine the dry-bulb and wet-bulb temperatures of air leaving the coil, and the
bypass factor. (Psychrometric Chart is given in Page No. 10) 20

|
|
|
|
|
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(b) & vETE &3 % forelt farg W stfraam e dem (M) iR arafis s dEn M) F A9 Pl
ey wifid v :

| o2 __r+IM2
2+(y - )M?

T Aifet # o A EE ¥ o 91g R, R uE sred e wm o wwar ¥ vEE ¥
FAYEe W T § 7; =5°C, p, =65kPa a1 V, =668 m/s. YO ¥ 3R W WRE
m,%mawmmmﬂﬁma@%m% =1-005kJ/kg-KamMy=1-4
b & <
| Obtain the following relationship between the characteristic Mach number (M*)
b " and actual Mach number (M) at a point in a flow field :

2 (y+)M?

M= T
2+ (- YM?>

A normal shock stands in a duct. The fluid is air, which can be considered as an
ideal gas. Properties at upstream of the shock are T =5°C, p, = 65 kPa and
V| =668 m /s. Determine the static temperature, static pressure and stagnation
temperature downstream of the shock. For air, take Cp =1-005kJ/kg-K and
y=1-4. 20

(c) e f% it srftrriea: Ao s A sAfenERS S99 T aieR IR % B ¥ R
o=t W =1 = T Wies ) T a0 9 B

Explain why most of the medium-sized automobile engines are close to square
shape with the cylinder bore diameter approximately equal to the stroke length. 10

8. (@) & g @ 9T § 85% HWEIH qan 9 Hite® ¥ 91 1-0 ¥R AW 27 °C A 6:0 IR TW
% wifea it IR ¥ 1 TavEq 9 T F4 Q@ R € et duw fremn st @) o A e @
90% TR qgar R yaia &t §1 9% A tftehan qowE 1300 °C ¥1 $u9 %1 Seiw AN
44 MJ/kg 2 aR 3¢ frin oifr 3-0 MW §, @ Fr=fifta < o hif

_ (i) TS qEA, () T AW, (iii) I N FEE YR R, (iv) 3 FRE $97 @ua (kg/kWh)

WA {3 FRIH W/ F 0 R 6 % WA TG F 0 F T §| A ingg ~ingg. 33 @f
TR 1 o W) 9y ¥ fa, v = 1.4 @ C, = 1.005 kJ/kg-K SR 9% W T-s
I oft difw)

In a gas turbine plant, air at 1:0 bar and 27 °C is compressed to a pressure of
6:0 bar in a compressor with isentropic efficiency of 85%. The air then passes
through the combustion chamber where fuel is added. The hot gases expand in
the turbine with an isentropic efficiency of 90%. The maximum temperature in
the cycle is 1300 °C. The calorific value of the fuel is 44 MJ/kg. If the net power
output is 3:0 MW, calculate the following :

(i) Cycle efficiency, (iij) Work ratio, (iij) Mass flow rate of air, (iv) Brake-specific fuel
consumption (kg/kWh)
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4

Consider the working fluid to have the properties of air throughout the cycle.
Assume  ing; =iNgages. Neglect all other losses. For air, y=1-4 and
Cp = 1-005 kJ/kg-K. Also, draw the T-s diagram of the cycle. ' 20

(b) T G-RIFFR IR-EF TWo ARo $H, N 4500 r.p.m. W ¥ W &, ¥ 190 kW e
R w0 A e ¥ A& I @@ 32% B Tg/SEE P 12:5: 1 a1 W 9™ W
SRR 3aT 68% 21 AR Wieh/dR UM 0-8 R, A ewdw 9 R awr IR A ik R
et =1 Pt $1R) fom w1 Fefim 7= 44200 kJ/kg 791 G 91g A 1-013 IR A
15 °C &) 4R =ifvw 3aa 80% B, A W& ffte $ua @wa qun gfra S zgar Hi o R
Ramy = 0-287 kJ/kg-K.

A six-cylinder four-stroke SI engine is required to develop 190 kW of power running
at 4500 r.p.m. The brake thermal efficiency is 32%. The air/fuel ratio is 12:5:1
and the volumetric efficiency at this speed is 68%. If the stroke/bore ratio is 0-8,
determine the engine displacement required and the dimensions of bore and
stroke. The calorific value of the fuel is 44200 kJ/kg and the free air conditions are
1:013 bar and 15°C. If the mechanical efficiency is 80%, calculate the

brake-specific fuel consumption and the indicated thermal efficiency.
R,y = 0-287 kJ/kg-K. 20

() T Y wefas & vatawia iR g o = §7

What are the environmental and safety properties of an ideal refrigerant? 10

* & K
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Wﬁﬁtm%wﬁaﬂ%,mwmamwim
m%wﬁﬁmmﬁmlmﬁmm%@mmﬁ%waﬁﬁwé
mﬁuﬁaﬁmawﬁlwaa-az-wg%mﬁ@ﬁ}@ﬁ%maﬁéggmgs%m
H Qia: w1 i |

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.

1 HXS-B-MCHE




1.(a)

1.(b)

1.(c)

1.(d)

‘n-\"‘
%

g us ‘A’ SECTION ‘A’
qar (%), e (sBR) ¥R AdEE S TEEE Al w R H
AT |

Discuss briefly the functional differences between a fan, a blower and a compressor.
10

fig fifvu fr smeafe wae # wuE ufed T @ wwar R |

Prove that shock cannot occur in subsonic flow. 10
e L=04m, ST ST k=23 Wm°C 3R g8 &% 4 =20 m? it
g W gNae 9ER R FER W | fER ¥ aEf SR @ e 7; = 80°C W
fBR U @l o 8, SEfE e @R 7, =15°C AWM W 9Rew Hoger H
FIET TR SO G h=24 Wm2°C % WA IS W W el R |
R o1 Aehal ¥R AR § FS o I ST 7 W W AEd €
() dEr # qumE uRedd & fou ww wEw wE K |

(i) SR ¥ WEem ¥ IO TEAW H R F AR R |

Consider a large plane wall of thickness L=0-4m, thermal conductivity
k=2-3 W/m°C and surface area 4 =20 m?. The left side of the wall is maintained
at a constant temperature of T} = 80°C while the right side loses heat by convection
to the surrounding air at T,=15°C with a heat transfer coefficient of
h =24 W/m?°C. Assuming constant thermal conductivity and no heat generation
in the wall,

(i) obtain a relation for the variation of temperature in the wall.
(ii) evaluate the rate of heat transfer through the wall. 10

qrgHsE qaE W wa FeAfeR fifee & g #§ Wk daed & oy e g
UM T IR

5_536-5(1;—&)"'33

€ T
mmﬁa%.aﬁr=mw=@—;—@aﬁmomooocamﬁm

ﬁ%|ﬁnn%amﬁWaWE}L=C(GrPr)m%l

ﬁaﬁwﬁﬁwm,@imﬁcﬁm%mﬁﬁmﬁaaﬁ
S Tea wlleRor ¥ UH |1 GRUME M | 100°C R TH AGHSHE TeE W YSH
@ % A o w SwEE W
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1.(e)

K = 0-0307 W/(mk), g=9-8 m/sec?
u = 21-673x10% NS/m?2
C,= 1022 J/(kg K)
T digHedd 9 g@ = 101,000 N/m?
ag & fau @ f@ae R = 287 JkgK
Heharei & g 3 # |
The following equation has been proposed for the heat transfer coefficient in natural
convection from long vertical cylinders to air at atmospheric pressure :
_5365(T, - T.)"
- T
(T, + T..)
2

b

where T=the film temperature = and T is in the range 0 to 200°C.

The corresponding equation in dimensionless form is thL = C(Gr Pr)".

Compare the two equations to determine the values of C and m such that the second
equation will give the same results as the first. Use properties of dry air at 100°C
and one atmosphere :

K = 0-0307 W/(mk), g=9-8 m/sec?
= 21-673x107% NS/m?
C,= 1022 J/(kg K)
The absolute pressure of one atmosphere = 101,000 N/m?
The gas constant R (for air) = 287 J/kg K
Symbols have their usual meaning. 10

QT AT ST @ foh Siote S & e sriafies freere fRafd w g drar @ 9 gen §
TamE foR e | ag $u9 suE 27 : 1, 6 W a9 43000 ki/kg, GE &
Sl i fafie s (3R st ) ¢, = (0471 + 20 x 105 7) K)/(kg K) T3 Seqarey
& fo1g R = 0287 ki/(kg K) foam man & (afe wdfiewt suma 15: 12, ok ddiew & s
# arE 870K ®, W # fF foraw wfvwe s (81%) R ggr wakan € |

Combustion in a diesel engine is assumed to begin at inner dead centre and to
be at constant pressure. The air-fuel ratio is 27 : 1, the calorific value of the fuel
is 43000 kJ/kg, and the specific heat (at constant volume) of the products of
combustion is given by :
C,=(071+20x10°7) kl/(kg K)
R for products = 0-287 kJ/(kg K)
If the compression ratio is 15: 1, and the temperature at the end of compression
is 870 K, determine the percentage of stroke at which combustion is completed.
10
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2.(2)(i)

(i)

2.(b)

2.(c)

3.(a)(1)

100 kPa, 40°C & 1000 kPa T UF WRighe safadi ware wiefigiues Wi # 3 kg
WW@@%I%W%WWWPV”S=CWW@W%|
sm-m,mﬁamwwrﬁﬁqﬁaéﬁﬁﬁﬁaﬁlw%ﬁq
C,=0717kl/kgK 3R R=0287ki/kgK #H |

3 kg of air is compressed in a reversible steady flow polytropic process from
100 kPa, 40°C to 1000 kPa. During this process the law of compression followed
is PV1'25 = C. Determine the shaft work, heat transferred and the change in entropy.
Assume for air C,=0-717 kJ/kg K and R = 0-287 kJ/kg K.

pdvmﬁt—vdpﬁlﬁaiéﬁ’ﬁa'(ﬁl
Distinguish between pdv work and —vdp work. 20
frfifea 3 frao & fog sfifea dwia wa A 6 % W # w4 wer
wa @ freagw Aerd ok g Aerd f e W

L=Sm(£z)

U, 26

Calculate the displacement thickness and momentum thickness of a laminar
boundary layer, in terms of the nominal boundary layer thickness 6, for the following

velocity distribution :
o sin(z x)
U, 26 2

s Ay N eRaEA T gad Iud 18:1 3R e Qe 700°C W
Frate-atel 91 ¥ G @ | g 100 kPa 3R 20°C TR ®gH H wawr
%|E&ﬁwaam,mmaﬁziaﬂmmamﬁﬁaﬁaﬁlw%ﬁq
C,=1:0035 kl/kg K IR y=14 o |

An ideal gas turbine engine operates with air as the working fluid at a pressure
ratio 18 : 1 and a maximum temperature of 700°C. The air enters the compressor
at 100 kPa and 20°C. Determine the thermal efficiency, the heat addition and the
temperature of exhaust air. For air take C,=1-0035kJ/kg K and y =14. 10

=tz f5 R awmm | TfifRe aRl @ g§ @ @m, W @aw 6w
TAMIR @t & fog wwmEl Srsd (4, F,) | AIF]_2=A1(1+F"2] ear € |

2

A, NRHEICTCIRACIN

/ Re-radiating Walls
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(i)

3.(b)

3.(c)

4.(a)

Show that the effective conductance, (4, F,) for two black, parallel plates of equal
area connected by re-radiating walls at constant temperature is

- 1+ F_
A1F1—2=A1( ] 2)-

2
555K 3R 278 K & AWM R Q 30 @Wdel § o9 @reh @ ¥ @ oS

%ﬁmmﬁ%mﬁaﬁmamﬁwﬁaﬁwailmﬁwﬁﬁm
0-8 %1
[6 = W% diegemm f8Ris = 5.670 x108 W/m? K4]

Determine the steady-state temperatures of two radiation shields placed in the
evacuated space between two infinite planes at temperatures of 555 K and 278 K.
The emissivity of all surfaces is 0-8.

[o = Stefan-Boltzmann constant = 5-670 x10® W/m? K*] 20

7 W Afde wae & fou swi@ w (FR) F A fawr @ wRifife

1

ul=(1—i)7m%mmm%,ﬁﬁucaﬁm%ﬁawén%aﬂnﬂﬁwr

To

& Proan ® | wla Su-wa d Aerd & fog <ifmm e gy w1 o

A T TH HIERT FoIA W | T Gl & Y ey 3 o @ g

b AEd 9 R A AT wHA R | I9-wa F Waw dw (e

AT o |

Assume that the velocity distribution in the turbulent core for tube flow may be
1

7
(1 —LJ where u, is the velocity at the centre of the tube and

u
represented by ==
rO

c

ro is the tube radius. Using the Blasius relation for friction factor, derive an equation
for the thickness of the laminar sublayer. For this problem the average flow velocity
may be calculated using the turbulent velocity distribution. Assume linear profile
in sublayer. 20

@%mmmmmmﬁﬁ%&wﬁaw%wﬁ
ATl &R |

Explain how the process of reheating in a gas turbine affects its operational
performance. 10

QU ARl 4 R B W EAN: T, 3R T, AR W S @l ST R | 7 s
awit o1g H vy F TF R AR 4 F smenta R, w@ 5 g Rk dEw
B # Jqefid ® | BF 7, AWM W @i ¥ 6967 gRI SO &1 g ol
¢ | frafafes @t fifa w3 & fg o 2vs 6 et w=
() ¥ A quEE faasw
(i) B3 G 999 I g
(iii) SAR 4 & TFEART F&AT

5 HXS-B-MCHE



4.(b)

Two walls 4 and B are maintained at temperatures 7, and T}, respectively. One
end of a metal rod of length / is embedded in the wall 4, while the other end
is fixed to wall B, the rod loses heat by convection to the environment at <
Derive an expression to determine

(i) the temperature distribution in the rod

(ii) the total heat lost by the rod

(iii) the heat transferred from the wall 4 20
arg p, =90 kPa, ¥, =520m/s 3R T, =558°C & TF T &orher qreft arfedt #
TR FA 2 | 9 0 v uen F | 31 fon s €, 5 % {6 7€ p, = 160 kPa
w ffa 9 & W | smeeR W

@ 7

(i) T,

(iii) shaem 6 g qui-geAr (TEed) Kikg ¥ | Gom arfershl & ITEE W |
Air enters a constant-area duct at p, =90 kPa, ¥; =520 m/s and T, = 558°C. It is
then cooled with negligible friction until it exists at p, =160 kPa. Estimate :

@ 7
(i) T, and
(iii) the total enthalpy of cooling in kJ/kg. Use attached chart. 20

FST EEIERW k=1-4 ¥ G¥ UNUEH difed are
Frictionless Duct Flow with Heat Transfer for k=1-4

Ma TyT§ pip* IiT* p*lp = VIv* pops

0.0 0.0 2.4000 0.0 0.0 1.2679
0.02 0.0019 2.3987 0.0023 0.0010 1.2675
0.04 0.0076 2.3946 0.0092 0.0038 1.2665
0.06 0.0171 2.3800 0.0205 0.0086 1.2647
0.08 0.0302 2.3787 0.0362 0.0152 1.2623
0.1 0.0468 2.3669 0.0560 0.0237 1.2591
0.12 0.0666 2.3526 0.0797 0.0339 1.2554
0.14 0.0895 2.3359 0.1069 0.0458 1.2510
0.16 0.1151 2.3170 0.1374 0.0593 1.2461
0.18 0.1432. 2.2959 0.1708 0.0744 1.2406
0.2 0.1736 22727 0.2066 0.0909 1.2346
0.22 0.2057 22477 0.2445 0.1088 - 1.2281
0.24 0.2395 2.2209 0.2841 0.1279 ' 1.2213
0.26 0.2745 2.1925 0.3250 0.1482 1.2140
0.28 0.3104 2.1626 0.3667 0.1696 1.2064
0.3 0.3469 2.1314 0.4089 0.1918 1.1985
0.32 0.3837 2.0991 0.4512 0.2149 1.1904
0.34 0.4206 2.0657 0.4933 0.2388 1.1822
0.36 0.4572 2.0314 0.5348 0.2633 1.1737
0.38 0.4935 1.9964 0.5755 0.2883 1.1652
04 0.5290 1.9608 0.6151 0.3137 1.1566
0.42 0.5638 1.9247 0.6535 0.3395 1.1480
0.44 d 0.5975 1.8882 0.6903 0.3656 1.1394
0.46 0.6301 1.8515 0.7254 0.3918 ' 1.1308
0.48 0.6614 1.8147 0.7587 0.4181 1.1224
0.5 0.6914 1.7778 0.7901 0.4444 1.1141
0.52 0.7199 1.7409 0.8196 0.4708 1.1059
0.54 0.7470 1.7043 0.8469 0.4970 1.0979
0.56 0.7725 1.6678 0.8723 0.5230 1.0901
0.58 0.7965 1.6316 0.8955 0.5489 1.0826
0.6 0.8189 1.5957 0.9167 0.5745 1.0753
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(m)mmk=1-4%maﬁv®qm%ﬁm

(Cont.) Frictionless Duct Flow with Heat Transfer for k=14

Ma YT plp* Y ) g p¥lp = VIv* PoDs
0.62 0.8398 1.5603 0.9358 0.5998 1.0682
0.64 0.8592 1.5253 0.9530 0.6248 1.0615
0.66 0.8771 1.4908 0.9682 0.6494 1.0550
0.68 0.8935 1.4569 0.9814 0.6737 1.0489
0.7 0.9085 1.4235 0.9929 0.6975 1.0431
0.72 0.9221 1.3907 1.0026 0.7209 1.0376
0.74 0.9344 1.3585 1.0106 0.7439 1.0325
0.76 0.9455 1.3270 1.0171 0.7665 1.0278
0.78 0.9553 1.2961 1.0220 0.7885 1.0234
0.8 0.9639 1.2658 1.0255 0.8101 1.0193
0.82 0.9715 1.2362 1.0276 0.8313 1.0157
0.84 0.9781 1.2073 1.0285 0.8519 1.0124
0.86 0.9836 1.1791 1.0283 0.8721 1.0095
0.88 0.9883 1.1515 1.0269 0.8918 1.0070
0.9 0.9921 1.1246 1.0245 0.9110 1.0049
0.92 0.9951 1.0984 1.0212 0.9297 1.0031
0.94 0.9973 1.0728 1.0170 0.9480 1.0017
0.96 0.9988 1.0479 1.0121 0.9658 1.0008
0.98 0.9997 1.0236 1.0064 0.9831 1.0002
1.0 1.0000 1.0000 1.0000 1.0000 1.0000
1.02 0.9997 0.9770 0.9930 1.0164 1.0002
1.04 0.9989 0.9546 0.9855 1.0325 1.0008
1.06 0.9977 0.9327 0.9776 1.0480 1.0017
1.08 0.9960 0.9115 0.9691 1.0632 1.0031
1.1 0.9939 0.8909 0.9603 1.0780 1.0049
1.12 0.9915 0.8708 0.9512 1.0923 1.0070
1.14 0.9887 0.8512 0.9417 1.1063 1.0095
1.16 0.9856 0.8322 0.9320 1.1198 1.0124
1.18 0.9823 0.8137 0.9220 1.1330 1.0157
1.2 0.9787 0.7958 0.9118 1.1459 1.0194
1.22 0.9749 0.7783 0.9015 1.1584 1.0235
1.24 0.9709 0.7613 0.8911 1.1705 1.0279
1.26 0.9668 0.7447 0.8805 1.1823 1.0328
1.28 0.9624 0.7287 0.8699 1.1938 1.0380
1.3 0.9580 0.7130 0.8592 1.2050 1.0437
1.32 0.9534 0.6978 0.8484 1.2159 1.0497
1.34 0.9487 0.6830 0.8377 1.2264 1.0561
1.36 0.9440 0.6686 0.8269 1.2367 1.0629
1.38 0.9391 0.6546 0.8161 1.2467 1.0701
1.4 0.9343 0.6410 0.8054 1.2564 1.0777
1.42 0.9293 0.6278 0.7947 1.2659 1.0856
1.44 0.9243 0.6149 0.7840 1.2751 1.0940
"1.46 0.9193 0.6024 0.7735 1.2840 1.1028
1.48 0.9143 0.5902 0.7629 1.2927 1.1120
L5 0.9093 0.5783 0.7525 1.3012 1.1215
1.52 0.9042 0.5668 0.7422 1.3095 1.1315
1.54 0.8992 0.5555 0.7319 1.3175 1.1419
1.56 0.8942 0.5446 0.7217 1.3253 1.1527
1.58 0.8892 0.5339 0.7117 1.3329 1.1640
1.6 0.8842 0.5236 0.7017 1.3403 1.1756
1.62 0.8792 0.5135 0.6919 1.3475 1.1877
1.64 0.8743 0.5036 0.6822 1.3546 1.2002
1.66 0.8694 0.4940 0.6726 13614 12131
1.68 0.8645 0.4847 0.6631 1.3681 1.2264
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(W) FE TR k=14 % WA GEEH AlfeAl T

(Cont.) Frictionless Duct Flow with Heat Transfer for k=1-4

Ma TYT rip* T/T* p*lp = VIv* oG
1.7 0.8597 0.4756 0.6538 1.3746 1.2402
1.72 0.8549 0.4668 0.6445 1.3809 1.2545
1.74 0.8502 0.4581 0.6355 1.3870 1.2692
1.76 0.8455 0.4497 0.6265 1.3931 1.2843
1.78 0.8409 0.4415 0.6176 1.3989 1.2999
1.8 0.8363 0.4335 0.6089 1.4046 1.3159
1.82 0.8317 0.4257 0.6004 1.4102 1.3324
1.84 0.8273 0.4181 0.5919 1.4156 1.3494
1.86 0.8228 0.4107 0.5836 1.4209 1.3669
1.88 0.8185 0.4035 0.5754 1.4261 1.3849
1.9 0.8141 0.3964 0.5673 1.4311 1.4033
1.92 0.8099 0.3895 0.5594 1.4360 1.4222
1.94 0.8057 0.3828 0.5516 1.4408 - 1.4417
1.96 0.8015 0.3763 0.5439 1.4455 1.4616
1.98 0.7974 0.3699 0.5364 1.4501 1.4821
20 0.7934 03636 0.5289 1.4545 1.5031
2.02 0.7894 0.3575 0.5216 1.4589 1.5246
2,04 0.7855 0.3516 05144 - 1.4632 1.5467
2.06 0.7816 0.3458 05074 1.4673 1.5693
2.08 0.7778 0.3401 0.5004 1.4714 1.5924
2.1 0.7741 0.3345 0.4936 1.4753 1.6162
2.12 0.7704 0.3291 0.4868 1.4792 1.6404
2.14 0.7667 0.3238 0.4802 1.4830 1.6653
2.16 0.7631 0.3186 0.4737 1.4867 1.6908
2.18 0.7596 0.3136 0.4673 1.4903 1.7168
22 0.7561 0.3086 0.4611 1.4938 1.7434
2.22 0.7527 0.3038 0.4549 1.4973 1.7707
2.24 0.7493 0.2991 0.4488 1.5007 1.7986
2.26 0.7460 0.2945 0.4428 1.5040 1.8271
2.28 0.7428 0.2899 0.4370 1.5072 1.8562
23 0.7395 0.2855 0.4312 1.5104 1.8860
2.32 0.7364 0.2812 0.4256 1.5134 1.9165
2.34 0.7333 0.2769 0.4200 1.5165 1.9476
2.36 0.7302 0.2728 0.4145 1.5194 1.9794
2.38 0.7272 0.2688 0.4091 1.5223 2.0119
2.4 0.7242 0.2648 0.4038 1.5252 2.0451
2.42 0.7213 0.2609 0.3986 1.5279 2.0789
2.44 0.7184 0.2571 0.3935 1.5306 2.1136
2.46 0.7156 0.2534 0.3885 1.5333 2.1489
248 0.7128 0.2497 0.3836 1.5359 2.1850
25 0.7101 0.2462 0.3787 1.5385 2.2218
2.52 0.7074 0.2427 0.3739 1.5410 2.2594
2.54 0.7047 0.2392 0.3692 1.5434 2.2978
2.56 0.7021 0.2359 0.3646 1.5458 2.3370
2.58 0.6995 0.2326 0.3601 1.5482 2.3770
2.6 0.6970 0.2294 0.3556 1.5505 24177
2.62 0.6945 0.2262 0.3512 1.5527 2.4593
264 0.6921 0.2231 0.3469 1.5549 2.5018
2.66 0.6896 0.2201 0.3427 1.5571 2.5451
2.68 0.6873 0.2171 0.3385 1.5592 2.5892
27 0.6849 0.2142 0.3344 1.5613 2.6343
272 0.6826 0.2113 0.3304 1.5634 2.6802
274 0.6804 0.2085 0.3264 1.5654 2.7270
2.76 0.6781 0.2058 0.3225 1.5673 2.7748
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4.(c)

5.(a)

5.(b)

5.(c)

UG A 391 hl el A EFINT Foaed 9l i eaidTS AT i e
i 2 7 f5 oitfeufEt § ssaeEt feve (geemk) afts soge & wea 2

Why is it more difficult to turbocharge spark ignition engines than compression
ignition engines ? Under what circumstances might supercharger be more
appropriate ? 10

9vug ‘B’ SECTION ‘B’

EGR 9§ ¥ U F1 §95d & ? 99l fF EGR, NO, J6oH &l 48 &9 a=al ¢ |

What do you understand by the term EGR ? Explain how EGR reduces NO,
emission in CI engines. 10

I TTEGIHEA C,Hy & o @ oM A aifem ¥ fay sikée Suew g
At T W N wE fEEr @ o R

CO, : 8-0%, CO: 0:9%, O, :8-8% 3R N, : 82:3%

RICCTS

() 2 H =T

(i) A9 R GEAM F AYR | a7 TF H AU

(iii) waRT & TE sfafes gar @ wfasa

The flue gas composition measured by Orsat apparatus for a boiler burning a fuel
of unknown hydrocarbon C,H, is given as follows :
CO, : 8:0%, CO:0-9%, O,:88% and N, :82:3%

Determine
(1) the composition of the fuel
(i) the air fuel ratio on mole and mass basis

(iii) the percentage of excess air used 10
R 42 & ded # frafafea asgt @ aofa &1

(i) TE&AT (1)

(i) ¥ T (C,)

Describe the following terms with reference to stream nozzle :

(i) Efficiency (ny)
(if) Velocity coefficient (C,) 10

9 HXS-B-MCHE



5.(d)

S5.(e)

6.(a)

6.(b)

6.(c)

wefta vonferat & dftger 3R Fwmel & oW "qe fag it sEaRon Hi =Anen
FX |

Explain the concept of balance point between the compressor and the capillary
tube in refrigeration systems. 10

g At sfterer whiram & fog ‘wwm ww fafd’ @ w@ew # "

Briefly explain the ‘Equal Friction Method’ of air-conditioning duct design
procedure. 10

() T CL 359 & gea-wa & fiowr <ev, SI oW & form wor fmr &ran & 2

(i) &7 IRT ¥R F w1 Al ® 7 @A F @9 CL e FW & q Hew
afrredt @ feamy et W) 3@ gl & S g )

(i) How does the mixture combustion in the combustion chamber of a C.L
engine differ from that of an S.I. engine ?

(i) What is meant by combustion induced swirl? Show with sketches two
important designs of C.I. combustion chamber using this method of swirl.
20

TF THA 9 Gt Wk § WG 30 bar, 400°C R AR H AN Fdl 3R
WS a1 0-1 bar § | WORU A dUF Uk FoAH U WER H g S 0-3 MPa
R AT BT @ | 99 FE R ST KA g¢ Wh A qEal W A |

(30 bar, 400°C R : h=3230-9 kl/kg 3R s=6-9212kJ/kgK ® | W9/ &
it % foro gfer & s # G W difers @ W WERT 9K

In a single-heater regenerative cycle the steam enters the turbine at 30 bar, 400°C
and the exhaust pressure is 0-1 bar. The feed water heater is a direct-contact type
which operates at 0-3 MPa. Find the efficiency of the cycle neglecting pump work.
(At 30 bar, 400°C : A= 32309 kJ/kg and s = 6-9212 kJ/kg K. Also use steam tables
given towards the end of booklet for steam/water properties). 20

TF TH €A1 6 I H YR ool qOFH 30°C 3R fafie smear 115 9 S A
wit ferdom gk @19 @ | aft 30°C W 9t & HgH AT T 424 kPa 3R I
T@ 90kPa B, d1 4 (T1) & T H ANE-IAGAT FT € |

A moist air sample has dry bulb temperature of 30°C and specific humidity of
11-5gm of water vapour per kg dry air. If the saturation vapour pressure of
water at 30°C is 4-24 kPa and the total pressure is 90 kPa then what is the
relative humidity of the air sample ? 10
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7.(a)

7.(b)

(i) @WWWWW%Wmml-zm%aﬁwemmrpm
WA R | GE B 18° ¥ | e I e 042 ¥ | Bl w ahm S
mu%armaﬁa%w%agmaoe%lmma%ﬁnaﬁwmm%
3°@a%|10kg/sﬁmma%ﬁthaﬁta%ﬁqwmahvﬁ
mm,ﬁaﬁnwaﬁwmﬁtﬁﬁaaﬁmmmﬁﬁql

(ii) ﬁsmmmmgmﬁﬁmmw@umaﬁm
mavhailugggﬁawmamaza%%éwﬁam%?

() A single stage impulse steam turbine rotor has a diameter of 1-2 m and runs
at 3000 rpm. The nozzle angle is 18°. The blade speed ratio is 0-42. The
relative velocity at the outlet to the relative velocity at inlet is 0-9. The outlet
angle of the blade is 3° smaller than the inlet angle. For a steam flow rate
of 10 kg/s find Blade angles at inlet and outlet, Axial thrust on the bearing
and Power developed.

(i) Describe the phenomenon of super saturated flow observed in steam nozzle
using 7-s diagram. How does it influence the mass flow rate through the
nozzle ? 20

TF AEIIEAd I 27°C DBT 3R 50% (@) RH W sA1Q @ wmar € |

wﬁﬁmaﬁ%ﬁmomnm3ﬁzz7°CWBT%|wmﬁ14kwaﬂﬁamm

%|7°Cwﬁ§wagﬁwqﬁsawaﬁaﬁW%|ﬁw%%aﬁaf&aﬁ:

() @&\ # amyfd & 7 W e W ocamwm

(i) ®&@ | @ I qw

(iii) m(a?an)asrsﬁamm,w%waﬁmwﬁmwﬁwﬁaqﬁﬁ
SR R, A T w GAEER R S 2

e fafre oo = 1022 kikg K oM ¥ | sméanfidia SarRe dew ?I

An air-conditioned space is maintained at 27°C DBT and 50% relative humidity.
The ambient conditions are 40°C DBT and 27°C WBT. The space has a sensible
heat gain of 14 kW. Air is supplied to the space at 7°C saturated. Determine the
following :

(1) Mass of moist air supplied to the space
(ii) Latent heat gain of space

(iif) Cooling load of air washer if 30% of the air supplied to the space is fresh,
the remainder being recirculated.

Assume humid specific heat = 1.022 kJ/kg K. Psychrometric chart is given. 20
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SENSIBLE HEAT FACTOR

[Ref. Point for SHF is 25 °C, 50% RH]
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7.(c)

8.(a)

qas@:ﬁqﬁamz@asﬁmémlsoommwzsokwaﬁsﬁﬁm&mm
%l%mﬁﬁméaaa%@qaoskg/kwrx%laa:aweﬁagﬁmﬁaﬁzaiazaw
& o # Rl # g1 = 2w s 30 SR 3R 60 SR ¥ | yeamd § 3R siq:egw
% 39 # M AU w1 e wAy 2zoamaﬁt550a'm%laiaza§was%%q
ﬁwhgvﬁao-ﬁ,éaaﬁﬁmmo-ssaﬁxalgﬁeﬁaml-owwmﬁl
mmmaﬁaia:aqwaaﬁ:maﬁmaawasmﬁﬁl

afd s ¥ fog, Wmﬁgmmﬁaf&aaﬁ,aﬁaﬁ:é‘mm%m
Wﬁm“%lﬂﬁﬁaﬁmﬁ(ﬁﬁﬁﬁm4%ﬁ}aﬁﬁmmm
A H | (FREd 1 9R = 105 )

A six-cylinder four-stroke diesel engine develops a power of 250 kW at 1500 rpm.
The brake specific fuel consumption is 0-3 kg/kWh. The pressures of air in the
cylinder at the beginning of injection and at the end of injection are 30 bar and
60 bar respectively. The fuel injection pressures at the beginning and end of injection
are 220 bar and 550 bar respectively. Assume the coefficient of discharge for the
injector to be 0-65, specific gravity of fuel to be 0-85 and the atmospheric pressure
to be 1-013 bar. Also assume the effective pressure difference to be the average
pressure difference over the injection period.

Determine the nozzle area required per injection if the injection takes place over
15° crank angle. If the number of orifices used in the nozzle are 4, find the diameter
of the orifice. (Conversion 1 bar = 10° Pascal) 10

W%ldﬁ@%aﬁﬁmw%aﬁ?ﬁmwmm%&aﬁ
mmmaﬁémﬁﬁaﬁ‘eﬁ@m%lmﬁaaﬂﬁ.aﬁﬁ.mﬁlam‘rﬁm%
frafafea T & swEm % .

A °C T Fn (zarell) (kkg)  [Sm A (TEr) WAgK
Temperature Enthalpy (kJ/kg) Entropy kl/kg K
°C hy hg h Sy Sg
-6-7 -293 1293-8 1264-5 -0-113 4-752
26-7 125-6 1172-4 12979 0-427 4-334

An ammonia vapour compression refrigeration system works between temperature
limits of —6-7°C and 26-7°C. The vapour is dry at the end of compression and
there is no under cooling of the liquid which is further throttled to the lower
temperature. Find the COP of the machine. Use the above properties of ammonia.

20
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8.(b)

8.(c)

@médaﬁm&qzm%HanﬁlMPa,zomcmu%ara:@h
%aﬁts‘?{0-3MPam@3ﬁ%lwﬁgm,§amﬁﬁzaﬁaaﬂ%§h@
mﬁﬁwmﬁ%m&aﬁmm%cﬁ@%Mhmd@m%mﬁ@ﬁg
im%limmm%wqaiiMkPaamﬁmﬁ%lz@sﬂah1MWa’€t
e it Sared &t sk Fen fafmmes @ 500 kW I AT W F I wRA
ﬁmmﬁ%iaﬁw&mﬁaﬁmim@m%mmﬁm
£ sfad EEE VAR ® B A W |

(1 MPa, 200°C T : h=28279 klkg 3R 5=6-6939 kl/kg K)
@m%mﬁmm—aﬁmmﬁmaﬁ

In a cogeneration plant, steam enters the HP stage of a two-stage turbine at 1 MPa,
200°C and leaves it at 0-3 MPa. At this point some of the steam is bled off and
passed through a heat exchanger which it leaves as saturated liquid at 0-3 MPa.
The remaining steam expands in the LP stage of the turbine to 40 kPa. The turbine
is required to produce a total power of 1 MW and the heat exchanger is required
to provide a heating rate of 500 kW. Assuming all processes to be ideal, calculate
the required mass flow rate of steam into the HP stage of the turbine.

(At 1 MPa, 200°C: h=28279 kl/kg and s=6-6939 klkg K)
Also use Steam Tables given at the end of the booklet. 20

m-aﬁmﬁﬁmﬁ%ﬁwﬁm@ﬁaﬁwﬂtﬁﬁm@ﬁwﬁaﬁx
T-saﬁ@mmmgqﬁfmﬁﬂﬁf@HMﬁﬁwﬁﬁﬁﬁ:

@) aﬁrﬁﬁﬂwéﬁqzﬁsﬁ%mmmml

(ii) @ammmtﬁmaﬁaﬁﬁaqﬂm|

Compare the throttling processes happening at the following two locations in the
steam power plant and using T-s diagrams contrast the observed phenomena :

(i) throttling of steam at inlet to turbine for governing.

(ii) throttling of condensate in closed feed heater trap exit. 10
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Saturated Water Pressure Entry

STEAM TABLE

Enthalpy, kJ/kg Entropy, kJ/kg-K
Press. Temp.  Sat. Liquid Evap. Sat. Vapor Sat. Liquid Evap. sSat. Vapor
(kPa) (°O) hy hy, hy Sy St Sg
06113 0-01 0-00 2501-3 2501-3 0 9:1562 91562
1-0 6-98 29-29 2484-89 2514-18 0-1059 8:8697 89756
1-5 13-03 54-70 2470-59 2525-30 0-1956 8:6322 8-8278
2:0 17-50 73-47 2460-02 2533-49 0-2607 8-4629 8:7236
2:5 21-08 88-47 2451-56 2540-03 0-3120 8:3311 8:6431
30 24-08 101-03 2444-47 2545-50 0-3545 8:2231 8-:5775
4-0 28-96 121-44 2432-93 2554-37 0-4226 8:0520 84746
50 32-88 137-79 2423-66 2561-45 04763 7-9187 8:3950
75 40-29 16877 2406-02 257479 0-5763 7-6751 82514
10 45-81 191-81 239282 2584-63 0-6492 7-5010 8:1501
15 53-97 225-91 2373:14 2599-06 0-7548 7-2536 8:0084
20 60-06 251-38 2358:33 2609-70 0-8319 7-0766 79085
25 64-97 271-90 2346-29 2618-19 0-8930 6-9383 7-8313
30 69-10 289-21 2336-07 2625-28 0-9439 6-8247 7-7686
40 75-87 317-55 2319-19 263674 1-:0258 6-6441 76700
50 81-33 340-47 2305-40 2645-87 1-:0910 6-5029 7-5939
75 91-77 384-36 2278-59 2662-96 12129 6-2434 74563
100 99-62 417-44 2258-02 2675-46 1-3025 6-:0568 7-3593
125 105-99 444-30 2241-05 2685-35 1-3739 5:9104 7:2843
150 111-37 467-08 2226-46 2693-54 1-4335 5-7897 7-2232
175 116:06 486-97 2213-57 2700-53 1-4848 5-6868 71717
200 120-23 504-68 2201-96 270663 1-5300 5-5970 71271
225 124-00 520-69 2191-35 2712:04 1-5705 5-5173 7-0878
250 12743 535-34 2181-55 2716-89 1-6072 5-4455 7-0526
275 13060 548-87 2172:42 2721-29 1-6407 5-3801 7-0208
300 133-55 561-45 2163-85 2725-30 1-6717 5-3201 6-9918
325 136-30 573-23 2155-76 2728-99 1-7005 5-2646 69651
350 138-88 584-31 2148:10 273240 1-7274 5-2130 6-9404
375 141-32 594-79 214079 2735-58 1-7527 5-1647 6:9174
400 143-63 604-73 2133-81 273853 1-7766 5-1193 6-8958
450 147-93 623-24 212067 274391 1-8206 5-:0359 6-8565
500 151-86 640-21 2108-47 274867 1-8606 4-9606 68212
550 155-48 655-91 2097-04 2752-94 1-8972 4-8920 67892
600 158-85 670-54 2086-26 2756-80 1-9311 4-8289 6:7600
650 162-01 684-26 2076-04 2760-30 1-9627 4-7704 6:7330
700 164-97 697-20 2066-30 276350 1-9922 4-7158 6:7080
750 16777 709-45 2056-98 2766-43 2:0199 4-6647 6:6846
800 17043 72110 2048:04 2769-13 2:0461 4-6166 6-6627

15
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Saturated Water Pressure Entry

Specific Volume, m’/kg Internal Energy, kJ/kg
Press. Temp.  Sat. Liquid Evap. Sat. Vapor  Sat. Liquid  Evap. Sat. Vapor
(kPa) (°C) vy Up Vg ur Up Ug
06113 0-01 0-001000  206-131 206132 0 23753 23753
1 698 0:001000 129-20702  129:20802 29-29 2355-69 2384-98
15 13-03 0-001001 87-97913 87-98013 54-70 233863 2393-32
2 17-50 0:001001 67-00285 67-:00385 73-47 2326-02 239948
25 21-08 0:001002 54-25285 54-25385 88-47 2315-93 2404-40
3 24-08 0-001003 45-66402 45-66502 101-03 2307-48 2408-51
4 28-96 0-001004 34:79915 34-80015 121-44 229373 241517
5 3288 0-001005 28:19150 28-19251 137-79 228270 242049
75 40-29 0-001008 19-23674 19-23775 168-76 226174 2430-50
10 45-81 0-:001010 14-67254 14-67355 191-79 2246-10 2437-89
15 53-97 0-001014 10-02117 1002218 22590 2222-83 244873
20 60-06 0-001017 7-64835 7-64937 251-35 2205-36 2456-71
25 64-97 0-001020 6-20322 620424 271-88 2191-21 2463:08
30 69-10 0-001022 5:22816 522918 289-18 2179-22 246840
40 75-87 0-001026 399243 3-99345 317-51 2159-49 2477-00
50 81-33 0-001030 323931 324034 340-42 2143-43 2483-85
75 91-77 0-001037 2:21607 2:21711 394-29 2112-39 2496-67
100 99-62 0-001043 1-69296 1-69400 417-33 2088-72 2506-06
125 105-99 0-001048 1-37385 1-37490 444-16 2069-32 251348
150 111-37 0-001053 1-15828 1-15933 466-92 2052-72 2519-64
175 116-:06 0-001057 1-00257 1-00363 48678 2038-12 2524-90
200 120-23 0:001061 0-88467 0-88573 504-47 2025-02 252949
225 124-00 0:001064 079219 079325 520-45 201310 2533-56
250 127-43 0-001067 071765 071871 535-08 2002-14 2537-21
275 130-60 0-001070 065624 065731 548-57 1991-95 2540-53
300 . 133:55 0-001073 060475 0-60582 561-13 1982-43 2543-55
325 136-30 0-001076 0-56093 0-56201 572-88 1973-46 2546-34
350 138:88 0-001079 0-52317 0-52425 583-93 1964-98 2548-92
375 141-32 0-001081 049029 049137 594-38 1956-93 2551-31
400 143-63 0-:001084 0-46138 0-46246 604-29 1949-26 2553-55
450 147-93 0-001088 0-41289 041398 622-75 1934-87 255762
500 151-86 0-001093 0-37380 0-37489 639:66 1921-57 2561-23
550 155-48 0:001097 0-34159 034268 655-30 190917 2564-47
600 158-85 0-:001101 0-31457 0-31567 669-88 1897-52 2567-40
650 162:01 0-001104 0-29158 029268 683-55 1886-51 2570-06
700 164-97 0-001108 0:27176 0-27286 696-43 1876-07 257249
750 16777 0-001111 0-25449 0-25560 70862 186611 257473
800 17043 0-001115 0-23931 0-24043 720-20 1856-58 2576-79
HXS-B-MCHE 16
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MECHANICAL ENGINEERING (PAPER-II)

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.

@Uus—A / SECTION—A

(@ T 1(a) # <o MW fem w Ak Hifd| A w5 o9 F 28 iR F THE I F

(b)

i w9 (C, =1-005kJ/kg-K @M C,=0-717 kJ/kg-K) T TEgH
(Cp =14-32kJ/kg-K 1 C, =10-17 kJ/kg-K) &1 A a1 Th =g foeeq, s %
T IEH ¢, F FN I Y T ) I A e § 140 kPa a9 40 °C R §| g
3R A 39 TR FAT & S ® foR ST A T 2@ 280 kPa TF EE S| SR @ A1g H I
& STt ® 39 "R I Sre w& Al xft a1l A i Al e 0 ) A w stfm aEE
1 i

FERGA
1111771111117
“
y
V
4
Q Hjp v
4
Y/
7777777777777
ST 3T A

=7 1(a)

Consider the system shown in Fig. 1(a). The two chambers initially have
equal volumes of 28 litres and contain air (C, =1-005kJ/kg-K and
C, =0-717 kJ/kg-K) and hydrogen (Cp =14-32kJ/kg-K and
C, =10-17 kJ/kg-K), respectively. The chambers are separated by a friction-
less piston which is non-heat-conducting. Both the gases are initially at
140 kPa and 40 °C. Heat is added to the air side until the pressure of both the
gases reaches 280 kPa. All outside walls of the chambers are insulated except
for the surface where heat is added to air. Calculate the final temperature of
the air.
Insulation

LLLLLLLL0L,

NN

Hy

NNSNSSNN

/777777777777
Non-heat-conducting
piston

Fig. 1(a)

T AR -39 Aied § Ty ya’ @ B 27 & AEH-Auerl a3 arfea | ®
e A W T U F 9N R ARG H FEEdr § T |
What is ‘choked flow’ in a convergent-divergent nozzle? Explain, with diagram,

the effect of pressure ratio on exit velocity of compressible gas in a convergent-
divergent nozzle.
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(c) TF e yare wnfieh, feh s=rim aun fim Fm F: 40° a1 15° §, 1 50% widfwn
¥ o) srfirpfoua frm o 3| wrdfies® 1 < S 6 : 1 R AU HWH WHC 38 0-80 B,
wath ety Wi auEE 41 °C ¥ Wk (soe) e a1 e I TR 'uE 71 Al
ft vdi % R Fa FH ek 0-88 A, A Ferh T F AW 210 m/s TG g FiiSd &1 A
G g FIRA | 9 F @ €, =1-005 kJ/kg-K @1 y = 1- 4 S|
An axial flow compressor with inlet and outlet angles of 40° and 15°
respectively has been designed for 50% reaction. The compressor has a
pressure ratio of 6 : 1 and overall isentropic efficiency of 0-80, when inlet static
temperature is 41 °C. The blade speed and axial velocity are constant
throughout. Assuming a value of 210 m/s for blade speed, find the number

of stages required if the work done factor is 0-88 for all the stages. Take
Cp =1-005 kJ/kg-K and y=1-4 for air. 10

(d) 52 W/m-°C ® =it <Teihdl et godl i § 93 T 9159 § T 51 145 m/s % 3@ 9
Y yafed B W R U F IR a9l 9T AW FW: 3 cm @91 3-5 cm €1 15 °C A9HH
IS TR ¥ 15 m o TR @ 9159 AT B IR F TR ¥ T ¥ A H q9HA 70 °C
A T2 67 °C @ A1 3| WEY 1 SATARH Tag W FHI S0l o7k 400 W/m2-°C | argd
%) 971 HdE T GY Faed a1 Tl Fe Siew o i uiia HifE)

Hot water is flowing through a pipe made of cast iron having thermal
conductivity of 52 W/m-°C, with an average velocity of 1'5 m/s. The inner and
outer diameters of the pipe are 3 cm and 3'5 cm, respectively. The pipe passes
through a 15 m long section of a basement whose temperature is 15 °C. The
temperature of the water drops from 70 °C to 67 °C as it passes through the
basement. The heat transfer coefficient on the inner surface of the pipe is
400 W/ m2-°C. Determine the combined convection and radiation heat transfer
coefficient at the outer surface of the pipe. 10

(e) () wt au Wagh FHoew Iwsis wiwdl B wRaa HRRA) 3 g A R TR
Frafea 87

(i) ? wwey Avdt w fmm HfvA, {8 w6 1000 K 7@ g@0 1500 K W #| @Y TR
& ¥ PH-a1 five s fafRo scafia #tar 87 20 pm F a0 | FF-91 v s
fafereor 3cafsfa s 27

(i) Define the total and spectral black body emissive powers. How are they
related to each other? 5

(i) Consider two identical bodies, one at 1000 K and the other at 1500 K.
Which body emits more radiation in the shorter wavelength region? Which
body emits more radiation at a wavelength of 20 pm? 5

2. (a) UM AGHUSEIE g W 20 °C F 10 g 5 I -10 °C H % § F&cl A1 &1 Fd T Hl
R Fom 4-2 J/g-K I fR wMa g aun o i g@ehi el 9 0 °C W 9% F e W
Fo1 335 J/g o g€ e it wrgl ot witada 6 o i)
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(b)

(c)

10 g of water at 20 °C is converted into ice at —~10 °C at constant atmospheric
pressure. Assuming the specific heat of liquid water to remain constant at
42 J/g-K and that of ice to be half of this value and taking the latent heat of
fusion of ice at 0 °C to be 335 J/g, calculate the total entropy change of the
system.

5 cm SATE H1 Tk MW, goal die i o+ TF i § g0 @1 81 9% 4500 r.p.m. T oAl
21 9FfT 15 cm @l 8 cm @ W A1 § 91 3EH S A@Ea 70 W/m-K 21 WR
a1 oI F 9 H 0-6 mm F WA FA B A=W, 0-14 W/m-K i Ffia arersar
A9 0-03 N-s/m? i 7k W1 a1t Fesh It A W g B ) 94fG B 0F 7@ T A’ @
3e1 o ST @ @ Iwhl STEd WaR 40 °C W giida ¢ ¥ Wi § Fww Aem &) Ren
A gAY el TH- AT S SR W g, Fufor AR () thaers H s smmo =,
(ii) TR 6 Fdg I AIHH AT (iii) TEH dd § W &F H R I W H &7

A shaft having diameter of 5 cm rotates in a bearing made of cast iron. The
shaft rotates at 4500 r.p.m. The bearing is 15 cm long, 8 cm outer diameter
and has thermal conductivity of 70 W/m-K. There is a uniform clearance
between the shaft and the bearing of 06 mm. The clearance is filled with a
lubricating oil having thermal conductivity of 0-14 W/m-K and dynamic
viscosity of 0-03 N-s/ m?. The bearing is cooled externally by a liquid, and its
outer surface is maintained at 40 °C. Disregarding the heat conduction
through the shaft and assuming only one-dimensional heat transfer, determine
(i) the rate of heat transfer to the coolant, (ii) the surface temperature of the
shaft and (iii) the mechanical power wasted by the viscous dissipation in the
lubricating oil.

3 IR T@ T T'=600 K W a1 (C, =1-05 kJ/kg-K, y=1-38), Th 20 cm & H
afeft § 180 m/s % 7 ¥ Yafed & W # 1 oM HRR—

(i) ¥ WA’ &;

(i) &Y dYHH;

(iti) B T,

(iv) & T, Y18 i (1) Fefie a (2) sEefied 7 gU

Air (C, =1-05 kJ/kg-K, y=1-38) at 3 bar pressure and T =600 K is flowing
with a velocity of 180 m/s inside a 20 cm diameter duct. Calculate the—

(i) mass flow rate;
(i) stagnation temperature;
(iii) Mach number;

(iv) stagnation pressure assuming flow to be (1) compressible and
(2) incompressible.
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3. (@ () e e s @ o e, I I % Y R YR seed 87
(i) g FRA 5 w6 o @ N @@, W e 9% F o Afmar Fa F- % aegEr,

= weR | grafa @
-1-L
nwmax—l \/Z
el t rftrehan SR =[HqW ATIHHT 1 ST B |

() How do the specific work output and efficiency vary with pressure ratio in
a gas turbine?

(i) Prove that the efficiency of a gas turbine corresponding to the maximum
work done in a Brayton cycle is given by the relation
1

=, =
Nw max N

where t is the ratio of the maximum and minimum temperatures.
20

(b) R fi 3(b) & RE® T vk @R wurEe, R famd 1 m S qon 5 m =l §, A4 W9 S
TR0 QY1 ATES U % 19 3 cm 1 GHH 3HaUd &1 @UEE #, 30 °C WO-15 m3 /s
AT 1 m N2 PR A wfoe At R a0 5 m TR TRER # T SR A W yaIfed Bl
2| gfR oS F 3o o waES iEE F 3iwa q9EE HAN: 20 °C 1 60 °C 7/, @ Fuifa
HRA (i) Tores §, 9g ¥, Fo S 9O X AR (1) FOEF A yAIed € W A H A9EH
Eec{

_______ 30°C, 0-15m3/s
________ il Wy
&

-
-
=1
-

_______

-
-
-
-
-

-
-
.......

= 3(b)

1 atm 91 ARG 3G qOHA 35 °C R a1g F Tored i TR ford o wkd €
p=1-145 kg /m3, k =0-02625 W/m-°C, v=1.655x10"> m? /s,
Cp =1007 J/kg-°C, Pr=0-7268

A solar collector, as shown in Fig. 3(b) below, having dimensions as 1 m wide
and 5 m long, has constant spacing of 3 cm between the glass cover and the
collector plate. Air enters the collector at 30 °C and at a rate of 0-15 m3/s
through the 1 m wide edge and flows along the 5 m long passageway. If the
average temperatures of the glass cover and the collector plate are 20 °C and

CRNA-S-MCHE/19 S | P.T.0.



()

(@)

60 °C, respectively, determine (i) the net rate of heat transfer to the air in the
collector and (i) the temperature rise of air as it flows through the collector.

K
Air at 30°C,
< 015m3/s

-
.-

-
-
-
-
-

______

-
-
-

—
’ Collector plate at 60°C

Glass cover at 20°C
Insulation

Fig. 3(b)

The properties of air at 1 atm and an estimated average temperature of 35 °C
may be taken as :

p=1.145 kg /m?, k =0-02625 W/m-°C, v=1.655x10">m?/s,
Cp =1007 J/kg-°C, Pr=0-7268

T FR % T ganidt e, Seeh ffmd 0-6 m St 9o 1-8 m =l €, A Sgda ww @
foFa1 ST @ @M T 1 atm, O °C 1 80 km/hr i GHHR gaeil % A ¥ 1 ¥ wfe A
TYq 50 W gt ¢, Siafh garieh 38 i IR wag 1 q9HE 4 °C R 9 I gag ¥ an
el Fe1 SeRor 3R fafsreor < Ren FRA Y qon HAT Fo FRW WG HOTET F A g,
AR I | F F A TR ae o @ # Rt FiR) 1 atm @1 0 °C WaAg ®
Tored e weR @ forld S weRd € ¢

p=1-292 kg /m®, C, =1.006 kJ/kg-K, Pr=0-7362

A windshield of a car, having dimensions as 06 m high and 18 m long, is
electrically heated and is subjected to parallel winds at 1 atm, O °C and
80 km/hr. The electrical power consumption is observed to be 50 W, when the
exposed surface temperature of the windshield is 4 °C. Disregarding the
radiation and heat transfer from the inner surface and using the momentum
heat transfer analogy, determine the drag force the wind exerts on the
windshield. The properties of air at 0 °C and 1 atm may be taken as :

p=1-292 kg /m?, C, =1-006 kJ/kg-K, Pr=0-7362

HEd wah (SAE) T@F I 500 mm AN Th ThHA-SRO @M TWERA H AR
10000 r.p.m. #i 7 & gHaT 3| AT B0 20° } T oA ¥ WG 900 m/s F I H X
Frperdlt | HeTh GHHHINIG § A1 Heldh TYU U 0-85 B Hershl % ford A7 1R@ AR qun
w9 ) yETa-Ted wfaf % ol wewl | waw w1 S AR FIR | 37 oft Ao Al () s
Yat® 750 kg/hr & o i@ wftw, (i) sm@ e, (i) e wong v (iv) Tfas =i A
T % RO B |

A single-stage impulse turbine rotor has a mean blade ring diameter of

500 mm and rotates at a speed of 10000 r.p.m. The nozzle angle is 20° and the
steam leaves the nozzles with a velocity of 900 m/s. The blades are
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equiangular and the blade friction factor is 0-85. Construct velocity diagrams
for the blades and determine the inlet angle of the blades for shockless entry of
steam. Also, determine (i) the diagram power for a steam flow of 750 kg/hr,
(i) the diagram efficiency, (i) the axial thrust and (iv) the loss of kinetic energy
due to friction. 20

(b) () T TR wrdied B FieaEd W viies F Gk (i) H SFH F uwE H, @ FiE
1 G 91 I AT YaTE X G5 6l WEEAl ¥ HHAT |
(i) SHZ) GEfeh! § k¥ 9 LA T B TH |
() Explain the effect of impeller blade shape on the performance of a
centrifugal compressor with the help of an exit velocity diagram and
pressure ratio-mass flow rate curve.
(i) Discuss the phenomena of surging and choking in centrifugal compressors. 20

(c) TF F aun A o fafmie & w g qen SR Al T % w FEE € R A SR
1 59 TUIAH TeEEE 8, S 140 °C W WiE Bl ® 991 80 °C W 4500 kg/hr i T &
R e e ¥ Afrel § yarfta si@, 35 °C W i A W R 9 85 °C W A ek
@ 2| 30 ae ¥ R g ST S o 850 W/m2-°C | Aifdd Siel-JaTe < s a
o ffmte % dawa N o AR iR wrEa f faRe Fen 2-742 J/g-°C 0
Wl i AR o 4-175 J/g-°C ot 51 whdl 81 TWo Ao Jo Frarell & ford frmt s 3w

T forn s gepan B)
FI 59 (mo)s = Cs \;
M
! &= _L.) —
O] : 1
€ — i o
l‘l
AT 58 (mo); = C;
3 H 9™
100 4, 8, 12, AT Aferart 9%
: jﬁ/—'j",
= e
80 O o irie
é‘° y //
/ ) S T
¥ 60 1/// 1 0 P
3 //7 s
|/
/G
40
20
0 1 2 3 4 5

JTAROT Tk 1 T, NTU oy = AU/ Cpin
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A shell and tube heat exchanger operates with two shell passes and four tube
passes. The shell side fluid is ethylene glycol, which enters at 140 °C and
leaves at 80 °C with a flow rate of 4500 kg/hr. Water flows in the tubes,
entering at 35 °C and leaving at 85 °C. The overall heat transfer coefficient for
this arrangement is 850 W/ m?2-°C. Calculate the flow rate of water required
and the area of the heat exchanger. The specific heat of ethylene glycol may be
taken as 2:742 J/g-°C and the specific heat of water may be taken as
4:175 J/g-°C. For NTU relations, the following figure may be used.

Shell fluid (mc)s = Cs \ﬂ
; )9
)
Iu
Tube fluid (mc);= C;
Two shell passes
4, 8, 12, etc., tube passes
100 ooy . -—
BN i ot s
L 00’1. /:/ i
80 = \k (5 ‘ L
N 60 k& ] ‘//// ‘:‘00'/"_, ‘:' e
2 40
8
&=
m
20
0

1 2 3 4 5
Number of transfer units, NTU ¢ = AU/ Cppin

@Uus—B / SECTION—B

(@) N FEHEA 3o Hio I9H | $u9 F T H WY & Febhal 27 < AT BT & A1y A |

(b)

Can alcohols be used as fuel in IC engine? Explain with advantages and
disadvantages.

1 m? R 9 I ¥ R T &R, S 20 MPa a91 360 °C W &, # fam 5(b) F
AR T T g & T T R ) e o e A Afa ® awn @ srew # fafa e mn R

BTl < HRU R ®e S @ qon PR (FiRae) w8 § i SRS 8| & 1 gHa
A 1a FiR fed % sifw 3@ 200 kPa @ aifte 7 1)

[38 T % 3= A @ 5 99 (¥W) anft § 0 gt 6 3w i)
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(c)

(@)

IEE| S(J&M

A water-filled reactor with a volume of 1 m? is at 20 MPa and 360 °C, and is
placed inside a containment room as shown in Fig. 5(b). The room is well-
insulated and initially evacuated. Due to a failure, the reactor ruptures and the
water fills the containment room. Find the minimum room volume so that the
final pressure does not exceed 200 kPa.

[Use steam table data given at the end of the Paper]

/ Containment

Z

Reactor
Fig. 5(b)

T QG a1 T-s ARG F IFNT HA ¢ FHAEd 6 0 3eel el ol T |IuRoT WY
wift g3 () =6 Y qrdiT gea, FE1 QEa F TG A wHd 8

Using a schematic and T-s diagram, explain how with perfect regeneration for
a simple steam power plant (Rankine) cycle, thermal efficiency can approach
Carnot efficiency.

% Iy gfied Wi 9 ¥ e W e aeel @ ved ae awe i fi@em p-h sma i
HeEal & Hifd -
() ==
(i) FSH =
(ifi) @ H1 I9EIH
(iv) T3 1 SfearaA
Discuss the effect of the following parameters on the performance of a vapor
compression refrigeration system with the help of p-h diagram :
(i) Suction pressure
(i) Delivery pressure
(i) Subcooling of liquid
(iv) Superheating of vapors

10

10

10
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(e) TF R H ag 40 m> W e i R W F-w=ia # I § 70 32 °C DBT 33K 18 °C
WBT el arell aedl 91 T aTdigger i ¥fae Foeeh § ufi &t §) goeeh = wwmeh
HAE M 4-5 °C | PUeeh H1 Fqe F1 &l 38 TBR 2 % 78 a1 F vam A & g smen
® @ 12 kW 1 ¥fiqem wem #0f) Free § ST I ATt 9 ® DBT @ WBT iR
FUSEl % ATFIE Uik 1 Feior Hifv

(38 T & 371 & | w1 o mn g

The room air is recirculated at the rate of 40 m?3 per minute and the outdoor
air enters a cooling coil of an air conditioner at 32 °C DBT and 18 °C WBT. The
effective surface temperature of the coil is 4:5 °C. The surface area of the coil is
such as would give 12 kW of refrigeration with the given entering conditions of
air. Determine the DBT and WBT of the air leaving the coil and the coil bypass
factor.

[Psychrometric chart is given at the end of this Paper] 10

6. (a) T =r-Riforex <@ M, o waffa s 0-98 o 2, %1 Fsares w3 = e fe
T §1 2500 r.p.m. AN ¥ e 1A S 0-3 m I F 3F ¥ ARG 6-8 /g H
$99 @I0 ® W 190 N 1 % R Ieqed a1 21 S04 1 F 79 45000 kJ /kg a1
fafte /@ 0-82 ®1 1, 2, 3, 4 % %0 H gug-gug faferet i dom oyl Y degER 3w
WR 131 N, 135N, 133 N @91 137 N & %4 & $5F W T Aid qhieqor foran man) 359 6 39
T T R A HRR—F AE, S6 A g I|, 3% i asan, S Ak S
@y, gfd Wi, A e a1 gia me e 1)

A four-cylinder diesel engine with swept volume of 0-98 litre is tested on a
performance bed. The engine running at a speed of 2500 r.p.m. against a brake
with arm of 0-3 m produces brake load of 190 N with fuel consumption of
6-8 litres/hr. The calorific value of fuel is 45000 kJ/kg and specific gravity of
fuel is 0-82. A Morse test is carried out on the engine by cutting off the fuel
supply of individual cylinder in the order 1, 2, 3, 4 with corresponding brake
loads 131N, 135N, 133N and 137N, respectively. Calculate the b.p.,
b.m.e.p., brake thermal efficiency, b.s.f.c., i.p., mechanical efficiency and
i.m.e.p. of the engine at test speed. 20

(b) T Wk T, TH IR WO-IA AU F WY TH TR W9 TH W HE F@ 2| AT W0
AT % T W 125 9R, 500 °C R YT Bt & a1 10 SR e waTid Bt &, el % 5o
w9 fehTet ot St R AU 9= RO-Se a9 F A 4 Il 2 ot qOE § o gai
TG 59 H FUH 10 IR W U 39 F A gon wafE A qg=an ¥) aw ¥ w9 120 9)
T 170 °C q99H % WY aR Fieberar §1 99fE 2@ 0-06 SR ¥ ZEET 41 99 FE )
AT A T Wk A qema fPuffa FRA 125 ar, 500 °C W um f wied
h =3343:6 kJ/kg a9 T2idt s = 6-4651 kJ/kg-K 2|

[59 9 % o1 # & g8 Ww wniEt = @i Hifkve)
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(c)

(@)

(b)

A power plant operates on a regenerative steam cycle with one closed feedwater
heater. Steam enters the first turbine stage at 125 bar, 500 °C and expands
to 10 bar, where some of the steam is extracted and diverted to the closed
feedwater heater. Condensate exiting the feedwater heater as saturated liquid
at 10 bar passes through a trap into the condenser. The feedwater exits the
heater at 120 bar with a temperature of 170 °C. The condenser pressure is
006 bar. Assuming isentropic turbine and pump work, determine the thermal
efficiency of the cycle. At 125 bar, 500 °C for steam, h =3343-6 kJ/kg and
s=6-4651kJ/kg-K.

[Use steam tables provided at the end of this Paper]

Th @=o o i Hema § NH, -Siciar™ aeiwy gefia 33 &) o9ened | efiaeh-awis
HASH % Fifed o7 FE-F &7

Explain NH3-water vapor absorption refrigeration system with a neat diagram.
What are the desired properties of refrigerant-absorber combination?

(i) THo e 9 H HC, CO T« NO, IEsH & 734 H €49 & fd=m vl =
ISt il FAGEE g W el A w w=s fm A wem ¥ awgEd)

(i) T Mg Hio oM, e a-§um IgAE (Yo Tho 3Wo) 15 : 1 o1 wfed g
9: 1%, TH RN el Th WA ¥ Grdied % 0 F I@ qo1 AN HE: 1 91
Y1 27 °C &1 Tk % Afwan oA 91 3 T HA | T miv B ardfe wiEn
pV3 = C fram &1 wiem et R, o 1 FA TW 43000 kJ/kg 991 wEw 7
F C, =0717 kJ/kg-K |

() Briefly discuss HC, CO and NO, emission formation in SI engine. Explain
the dependence of these emissions on equivalence ratio with a neat
diagram.

() An IC engine working on an ideal Otto cycle has AFR of 15:1 and
compression ratio of 9: 1. The pressure and temperature at the start
of compression are 1 bar and 27 °C, respectively. Find the maximum
temperature and pressure of the cycle. Assume that compression process
follows the law pV"'33 = C, the calorific value of fuel is 43000 kJ/kg and
C, of working fluid is 0717 kJ/kg-K.

T W FEER &l 1 0 S MR 9gd <416 & a1 e srfeel aren ararggem snifdm -
%4 3fiHeq 316w : 20 °C DBT, 60% RH
&l 3G : 45 °C DBT, 30 °C WBT
HE I F : 35 kW
F& TH I : 20 kKW
3Uf&@ FaTe 9 90 cmm
T R (i) TG TR, () FE = IHEN G I O 3R (i) To Do do aun rqerh
Hfirehey % ford qa:arm ) W) Fveeh 1 S e 0-05 WA
[38 o & 31 & wrgsprfifes = faan gon 2

20

10

10

10
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A food processing room has a very high latent heat load and is required to be

air conditioned as per the following data :

Determine the (i) ventilation load, (ij) room and effective sensible heat factors
and (iii) ADP and amount of reheat for economical design. Assume bypass

Room design conditions :

20 °C DBT, 60% RH

Outside conditions : 45 °C DBT, 30 °C WBT
Room sensible heat : 35 kW
Room latent heat : 20 kW

The ventilation air requirement is 90 cmm

factor of the coil as 0-05.

[Psychrometric chart is given at the end of this Paper]
Table for Properties of Air

T p Cp n v k o
3 s5\| (2 6 2 a | Pr
(K) (kg/m*) | (kJ/kg-K) | (kg/m-s x10%)| (m“/s x10°) (W/m-K) (m*“/s x107)
100 | 39010 | 1-:0266 0-6924 1-923 0:009246 0-:02501 0770
150 | 2:3675 | 1-0099 1-0283 4-343 0:013735 0-05745 | 0753
200 | 17687 | 1-0061 1-3289 7-49 0-:01809 0-10165 | 0739
250 | 14128 | 1-0053 1-488 9:49 0:02227 0-13161 | 0:722
300 | 1-1774 | 1-0057 1-983 1568 0-:02624 0-2216 0-708
350 | 09980 | 1-:0090 2-075 2076 0-:03003 0-2983 0-697
400 | 0-8826 | 10140 2:286 2590 0-03365 0-3760 0-689
450 | 07833 | 1-0207 2:284 2886 0-:03707 0-4222 0-683
500 | 0-7048 | 1-0295 2:671 3790 0-:04038 0-5564 0-680
550 | 0-6423 | 1-:0392 2-848 44-34 0-:04360 0-6532 0-:680
600 | 0-5879 | 1-0551 3:018 51-34 0:04649 0-7512 0-:680
650 | 0-5430 | 1-0635 3-177 58:51 0-04953 0-8578 0-682
700 | 0-5030 | 1-0752 3-322 66:25 0-05230 09672 0-684
750 | 04709 | 1-0856 3-481 7391 0-05509 1-0774 0-686
800 | 04405 | 10978 3:625 82:29 0-:05779 1-1951 0-689
850 | 04149 | 1-1095 3-765 9075 0-:06028 1-3097 0-692
900 | 0-3925 | 11212 3-899 99-3 0-:06269 1-4271 0:696
950 | 0-3716 | 1-1321 4-023 108-2 0-:06525 1-5610 0-:699
1000 | 0-3524 | 1-1417 4-152 117-8 0-:06752 1-6779 0-702
1100 | 0-3204 | 1-160 4-44 136-6 0-0732 1-969 0-704
1200 | 02947 | 1-179 4-92 159-1 0-:0782 2:251 0-707
1300 | 0-2707 | 1-197 4-93 182-1 0-0837 2:583 0-705
1400 | 0-2515 | 1-214 517 2055 0-:0891 2920 0-705
1500 | 0-2355 | 1:230 540 229-1 0-:0946 3-262 0-705
1600 | 0-2211 | 1-248 563 254-5 0-100 3:609 0-705

() T& aifea (Sfaer) &, Wifas Yard 6t st % for, e w9 @ fig fivd f5 w fifta
Fa a1 gy we f e #3, siftean e % R, e % Flm qmem W

FrarEw % fe ae | wE fifa s aren ey 2 B
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(@)

(b)

Prove mathematically that for maximum discharge through a chimney of a
certain height and cross-section, the absolute temperature of gases bears
a certain ratio to the absolute temperature of the outside atmosphere, in case
of natural draught of a boiler.

60 kW % % @rfis® & 9o 9l U ard gefied geiiad (flo Ho 1Ro) =k Wi a1
e i (e 3o Po) 6-0 ¥1 FgW 3@ a1 wgw Weiaw a9 H T, 35 °C F
HOFA AEEE WA 11495 kJ /kg A1 283-89 kJ/kg ¥ a A Frken A wgw
wfash Ay i AR 27576 kJ /kg &1 Grdies & ffn w weftas &1 aomm @ SiRE
wHfias #1 C,, = 0-62 kJ/kg-K ?|

A VCR cycle refrigerator driven by a 60 kW compressor has a COP of 6-0. The
enthalpies of saturated liquid and saturated vapor refrigerant at condenser
temperature of 35°C are 114:95kJ/kg and 283-89 kJ/kg, respectively.
The saturated refrigerant vapor leaving evaporator has an enthalpy of
27576 kJ/kg. Find the temperature of refrigerant at the exit of compressor.
The C, of refrigerant is 0-62 kJ/kg-K.

T Y MR- A WaTET Gy Wi wad A, fga ww e s B fem e, v s % am
S 1 Sgfd i st 2, R & sfafes $om semn s @) e cEms # eE e 745
?, 9 F F<wW AEA 15 °C a9 AfHaw AR 750 °C 31 SARRE T F 7w @ g
A9EH 750 °C % 9 ST & a9 99 S & 74 100 °C R Fraverdt 21 W9 2xameq & w9 6
AMfd 50 SR @2 600 °C W F et ® 3R Guf @ 0-1 R }) w3 F @ WiE IaA
200 MW ®| T& TR T §oa #1 e WW 43-3 MJ/kg ®1 $69 A wen TR ® F 9y
YR W YS ATt Y9TE F T WA Y, AT HIRA (§) Fifda a1 qon W9 vaw ®, (@) e
TETEA T 9 A F1 A I, (i) G Wie 999 6 qie g o () arg-fa
wmal T W % f@ C,=1.11kJ/kgK @ y=1.33; Iy ¥ fm
Cp =1-005 kJ/kg-K @1 y =1-4 il o9 &6 w7 R daffi| i 0-1 ar ® w=dedt
192 kJ/kg < | [98 HE& 14 § Aifer smi@ dam §)

In a combined gas turbine-steam turbine power plant, the exhaust gas from
the open-cycle gas turbine is the supply gas to the steam generator of the
steam cycle at which additional fuel is burnt in the gas. The pressure ratio for
the gas turbine is 7-5, the air inlet temperature is 15 °C and the maximum
temperature is 750 °C. Combustion of additional fuel raises the gas
temperature to 750 °C and the gas leaves the steam generator at 100 °C. The
steam is supplied to the steam turbine at 50 bar and 600 °C and the condenser
pressure is 0'1 bar. The total power output of the plant is 200 MW. The
calorific value of the fuel burnt is 43-3 MJ/kg. Neglecting the effect of the mass
flow rate of fuel on the air flow, determine (i) the flow rate of air and steam
required, (ii) the power outputs of the gas turbine and steam turbine, (ii)) the
thermal efficiency of the combined plant and (iv) the air-fuel ratio. Take
Cp =1-11kJ/kg-K and y =1-33 for combustion gases; and Cp =1-005 kJ/kg-K
and y=1-4 for air. Neglect pump work. Condensate enthalpy at 0'1 bar =
192 kJ /kg.

[Mollier diagram is attached in Page No. 14]

10

20

20
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Enthalpy h, kJ/kg

w0 & 60 &§ 20 75 PY) Y] -
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s 9 y y//4 7177
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o S
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- S o e’ﬁf@ Sl R R AT ITATAS. 118 R
s SIS o, AT 7L T LT ASTTT /A
' S/ 7 / 7 WICATR/ W RV T &AW TA &N
S LY A S S S
e ANTP. 7 VLSS *‘9 pim e AT AT AV, ' A A Vi 7K 3706
4 5 AL - 7Y AL LT TET T LA
VST 0,1/ Vi i i s et e A
3600 X @%’i : ‘ T4 Ll A TR, o A 3500
9 T 4 T 17 2L A2 AL
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Two vapor power cycles are coupled in series where heat lost by one is
absorbed by the other completely. If 1, is the thermal efficiency of the topping

cycle and n, is the thermal efficiency of the bottom cycle, determine the

efficiency of the combined cycle in terms of these efficiencies. Assume cycles to
be reversible. 10
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Saturated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kd/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C PukPa vy Vg us Ugg Ug hy hig hy St St Sg
0.01 0.6117 0.001000 206.00 0.000 23749 23749 0.001 2500.9 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 23818 21.020 2489.1 2510.1 0.0763 8.2487 9.0249
10 1.2281 0.001000 106.32 42.020 2346.6 2388.7 42.022 2477.2 2519.2 0.1511 8.7488 8.8399
15 1.7057 0.001001 77.885 62.980 2332.5 23955 62.982 24654 25283 0.2245 8.5559 8.7803
20 2.3392 0.001002 57.762 83.913 23184 24023 83.915 24535 25374 0.2965 8.3696 8.6661
25 3.1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 24417 2546.5 0.3672 8.1895 8.5567
30 42469 0.001004  32.879 12573 2290.2 24159 12574 24298 25556 0.4368 8.0152 8.4520
35 5.6291 0.001006 25.205 146.63 2276.0 24227 146.64 24179 2564.6 0.5051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 2261.9 24294 167.53 2406.0 25735 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188.43 2247.7 2436.1 188.44 2394.0 25824 0.6386 7.5247 8.1633
50 12.352 0.001012 12.026 209.33 2233.4 24427 209.34 2382.0 2591.3 0.7038 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 2219.1 24493 230.26 23698 2600.1 07680 7.2218 7.9898
60 19.947  0.001017 7.6670 251.16 2204.7 24559 251.18 2357.7 26088 0.8313 7.0769 7.9082
65 25.043 0.001020 6.1935 272.09 2190.3 24624 272.12 23454 2617.5 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 293.04 2175.8 24689 293.07 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4.1291 313.99 2161.3 24753 314.03 2320.6 26346 1.0158 6.6655 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 2481.6 335.02 2308.0 26430 1.0756 6.5355 7.6111
85 57.868  0.001032 2.8261 35596 2131.9 24878 356.02 22953 26514 1.1346 6.4089 7.5435
0 70.183 0.001036 2.3593 376.97 2117.0 24940 377.04 22825 26596 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500.1 398.09 2269.6 2667.6 12504 6.1647 7.4151
100 101.42 0.001043 1.6720 419.06 2087.0 2506.0 419.17 2256.4 26756 13072 6.0470 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 25119 440.28 2243.1 26834 13634 59319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 461.42 2229.7 2691.1 14188 5.8193 7.2382
115 169.18 0.001056 1.0360 482.42 2040.9 2523.3 48259 22160 2698.6 14737 5.7092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 25289 503.81 2202.1 2706.0 15279 5.6013 7.1292
125 232.23 0.001065 0.77012 524.83 2009.5 2534.3 525.07 2188.1 2713.1 1.5816 5.4956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 2539.5 546.38 2173.7 2720.1 1.6346 5.3919 7.0265
135 313.22 0.001075 0.58179 56741 1977.3 25447 567.75 2159.1 27269 1.6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588.77 19609 25496 589.16 21443 27335 1.7392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 19442 25544 610.64 2129.2 27398 1.7908 5.0919 6.8827
150 476.16 0.001091 0.39248 631.66 19274 2559.1 632.18 2113.8 27459 18418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 1910.3 2563.5 653.79 2098.0 27518 1.8924 49002 6.7927
160 618.23 0.001102 0.30680 674.79 1893.0 2567.8 675.47 2082.0 2757.5 1.9426 4.8066 6.7492
165 700.93 0.001108 0.27244 696.46 18754 25719 697.24 2065.6 2762.8 1.9923 4.7143 6.7067
170 792.18 0.001114 0.24260 718.20 1857.5 2575.7 719.08 2048.8 27679 2.0417 4.6233 6.6650
175 892.60 0.001121 0.21659 740.02 1839.4 25794 741.02 2031.7 27727 2.0906 4.5335 6.6242
180 1002.8 0.001127 0.19384 761.92 1820.9 25828 763.05 2014.2 27772 2.1392 4.4448 6.5841
185 1123.5 0.001134 0.17390 78391 1802.1 2586.0 785.19 1996.2 27814 2.1875 4.3572 6.5447
120 1255.2 0.001141 0.15636 806.00 1783.0 2589.0 807.43 1977.9 27853 2.2355 4.2705 6.5059
195 1398.8 0.001149 0.14089 828.18 1763.6 2591.7 829.78 1959.0 2788.8 2.2831 4.1847 6.4678
200 1554.9 0.001157 0.12721 85046 1743.7 2594.2 852.26 1939.8 2792.0 2.3305 4.0997 6.4302
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Saturated water—Temperature table (Continued)

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kl/kg kJ/kgK
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid,  Evap., vapor, liquid, Evap., vapor,
T°C ParkPa v, Vg Uy Upg Ug h; hye hy S Stg Sg
205 1724.3 0.001164 0.11508 872.86 17235 259.4 874.87 19200 27948 2.3776 4.0154 6.3930
210 1907.7 0.001173 0.10429 89538 17029 2598.3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563
215 21059 0.001181 0.094680 918.02 16819 25999 920.50 1878.8 2799.3 24712 3.8489 6.3200
220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 25176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 18354 2802.2 2.5639 3.6844 6.2483
230 2797.1 0.001209 0.071505 986.76 1616.1 2602.9 990.14 18128 28029 2.6100 3.6028 6.2128
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 17895 2803.2 2.6560 3.5216 6.1775
240 3347.0 0.001229 0.059707 1033.4 1569.8 2603.1 1037.5 17655 2803.0 2.7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 17408 2802.2 2.7476 3.3596 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 10857 17153 2801.0 2.7933 3.2788 6.0721
255 43229 0.001263 0.045941 1104.7 14958 2600.5 1110.1 1689.0 2799.1 2.839%0 3.1979 6.0369
260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 11348 1661.8 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 1153.3 14432 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662
270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6 2789.7 29762 29542 59305
275 59464 0.001317 0.032767 1202.9 13874 2590.3 1210.7 15745 27852 3.0221 2.8723 5.8944
280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 15432 2779.9 3.0681 2.7898 5.8579
285 6914.6 0.001349 0.027756 1253.7 1328.1 2581.8 1263.1 1510.7 2773.7 3.1144 2.7066 5.8210
290 74418 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 14769 2766.7 3.1608 2.6225 57834
295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 14416 2758.7 3.2076 2.5374 5.7450
300 8587.9 0.001404 0.021659 1332.7 12309 2563.6 1344.8 14048 2749.6 3.2548 24511 5.7059
305 9209.4 0.001425 0.019932 1360.0 11959 25558 1373.1 1366.3 27394 3.3024 2.3633 5.6657
310 9865.0 0.001447 0.018333 1387.7 11593 2547.1 1402.0 1325.9 27279 3.3506 2.2737 5.6243
315 10,556 0.001472 0.016849 1416.1 1121.1 2537.2 1431.6 12834 27150 3.3994 2.1821 5.5816
320 11,284 0.001499 0.015470 1445.1 1080.2 2526.0 1462.0 12385 2700.6 3.4491 2.0881 5.5372
325 12,051 0.001528 0.014183 1475.0 10385 25134 14934 1191.0 2684.3 3.4998 1.9911 5.4908
330 12,858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 1140.3 2666.0 3.5516 1.8906 5.4422
335 13,707 0.001597 0.011848 1537.5 9455 2483.0 15594 10860 26454 3.6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570.7 893.8 2464.5 15946 10274 2622.0 3.6602 16756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 24432 1631.7 9634 2595.1 3.7179 1.5585 5.2765
350 16,529 0.001741 0.008806 1642.4 7759 24183 1671.2 892.7 2563.9 3.7788 14326 52114
355 17,570 0.001808 0.007872 1682.2 7064 23886 1714.0 812.9 2526.9 3.8442 1.2942 5.1384
360 18,666 0.001895 0.006950 1726.2 6257 23519 1761.5 720.1 2481.6 3.9165 1.1373 5.0537
365 19,822 0.002015 0.006009 17772 526.4 2303.6 1817.2 605.5 24227 4.0004 0.9489 4.9493
370 21,044 0.002217 0.004953 1844 .5 3856 2230.1 1891.2 443.1 23343 4.1119 0.6830 4.8009
373.95 22,064 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 44070 O 4.4070
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Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P,kPa Tsatvoc Vs Vg Uy Ufg Ug hf h'g he Sf ng Sg
1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
L5 13.02 0.001001 87.964 54686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 2325.5 2398.9 73.433 2459.5 2532.9 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 03118 8.3302 8.6421
3.0 24.08 0.001003 45.654 10098 2306.9 2407.9 100.98 24439 2544.8 0.3543 8.2222 8.5765
4.0 28.96 0.001004 34.791 121.39 2293.1 24145 121.39 24323 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0 05763 7.6738 8.2501
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 23921 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 22593 2222.1 2448.0 225.94 23723 2598.3 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 25140 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 27193 2190.4 24624 271.96 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 21785 2467.7 289.27 23353 2624.6 09441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 21588 2476.3 317.62 23184 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 21427 2483.2 340.54 2304.7 2645.2 1.0912 6.5019 7.5931
75 91.76 0.001037 2.2172 38436 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558
100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 2257.5 2675.0 13028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 41895 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 44423 2068.8 2513.0 444.36 2240.6 26849 13741 59100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 14337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 2524.5 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 15706 55171 7.0877
250 127.41 0.001067 0.71873 53508 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 54857 1991.6 2540.1 54886 2172.0 2720.9 1.6408 5.3800 7.0207
300 133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 2724.9 16717 53200 6.9917
325 136.27 0.001076 0.56199 572.84 1973.1 25459 573.19 2155.4 2728.6 1.7005 5.2645 6.9650
350 13886 0.001079 0.52422 583.89 1964.6 25485 584.26 2147.7 2732.0 1.7274 5.2128 6.9402
375 141.30 0.001081 0.49133 59432 1956.6 2550.9 594.73 21404 2735.1 1.7526 5.1645 69171
400 143.61 0.001084 0.46242 60422 19489 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
450 147.90 0.001088 0.41392 62265 19345 2557.1 623.14 21203 2743.4 1.8205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 20755 2759.6 19623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6 2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837
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Saturated water—Pressure table (Continued)

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kd/kgK
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P.kPa Tatr’'C ¢ Vg Uy Ugg U, hy heg hy St Stg S,
800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 46160 6.6616
850 17294 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 45705 6.6409
900 175.35 0.001121 0.21489 74155 1838.1 2579.6 74256 2030.5 2773.0 2.0941 45273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 75274 2022.4 2775.2 2.1166 4.4862 6.6027
1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 76251 2014.6 2777.1 2.1381 4.4470 6.5850
1100 184.06 0.001133 0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 79696 1790.9 2587.8 79833 1985.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.59 1971.9 2786.5 2.2508 4.2428 6.4936
1400 195.04 0.001149 0.14078 828.35 1763.4 2591.8 829.96 1958.9 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 84282 1750.6 2593.4 84455 1946.4 2791.0 23143 4.1287 6.4430
1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.3390
2250 218.41 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 22395 0.001197 0.079952 95887 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 10046 15985 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856
3500 24256 0.001235 0.057061 10454 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 10824 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286 0.039448 1148.1 14489 2597.0 11545 1639.7 2794.2 2.9207 3.0530 5.9737
6000 275.59 0.001319 0.032449 1205.8 1384.1 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 5.8148
8000 295.01 0.001384 0.023525 1306.0 12645 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 13509 1207.6 2558.5 1363.7 1379.3 27429 3.2866 2.3925 5.6791
10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 14339 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 14730 1041.3 2514.3 1491.3 1194.1 2685.4 3.4964 19975 5.4939
13,000 330.85 0.001566 0.012781 1511.0 9855 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.4336
14,000 336.67 0.001610 0.011487 15484  928.7 2477.1 1571.0 1067.0 2637.9 3.6232 1.7497 5.3728
15,000 342.16 0.001657 0.010341 15855 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108
16,000 347.36 0.001710 0.009312 1622.6 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 b5.2466
17,000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791
18,000 356.99 0.001840 0.007504 1699.1 675.9 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926 0.006677 17403 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310
21,000 369.83 0.002207 0.004994 18416 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076
22,000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 4.5439
22,064 37395 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 44070 O 4.4070
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SKYC-B-MCHE

MECHANICAL ENGINEERING (PAPER-II)

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. (@)

(b)

(c)

(d)

@us—A / SECTION—A

500 K W Tie % 50 kg % UF TS I Gl AR § @1 it 2, R ae 285 K 2
e T 3ida: aTgHed % WY I W % g 9 31 R % R 045 kJ/kgK
# 3w fafie s qFER () AR % @8 oK angrea % i uRad Qo (ii) Srafaserrar =
Frufror Hifs)

A 50 kg block of iron at 500 K is placed into open atmosphere which is at a
temperature of 285 K. The iron block eventually reaches thermal equilibrium
with the atmosphere. Assuming an average specific heat of 0-45 kJ/kg-K for
iron, determine the (i) entropy change for the iron block and the atmosphere,
and (ii) irreversibility.

Tuige & o amedl g & g waE ¥ R MMy =1.

Show that for normal shock in a perfect gas, M;M; =1.

&1 yaTE Wl H, 50% Wil 3, wow ifiwen B F-wf wufd o Fa S 2
Sfa gt oiv shfecr 3 wr wnemse 6 58 T it Fa s )

In the axial flow compressor, for 50% reaction, the blading design is sometimes
called symmetrical blading. Explain, with proper equations and justification,
why it is called so.

2700 °C W T 3freifi w2t (Frn) o seafifa st 31 FrfaRaa ) orm it
() A=1-2pm R WFH IqsH wfth
(i) e, S| W I i stftean B 3
(iii)  SATerham TagH! I wfh
(iv) T s TG
F few T s faaror fem wefe @1 39E Hifv

Ep == <!

A’ [exp(Cy /AT)-1]

wEl, C; =3-742x108 W-pm*/m?2, C, =1.438x10% pm-K
6=5-67x10"% W/m?2-K* <fifSm)
An industrial furnace (blackbody) is emitting radiation at 2700 °C. Calculate
the following :
(i) Spectral emissive power at A=1-2 um
() Wavelength at which the emissive power is maximum
(i) Maximum spectral emissive power

(iv) Total emissive power

SKYC-B-MCHE/14 2
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Use Planck’s distribution law equation given below :
- G
A° [exp(Cy /AT)-1]

Ep,

where C; =3-742x10% W-ym*/m?, C, =1-438x10" pm-K.
Take 6 =5-67x1078 W/m?-K*. 10

(e) (i) <o fafmie fxewe % wme § o o fo o fift F forg 7w srftremond fafeg)

(i) Tafay B @ Fon fafmbe frew § B Rl § w@e e fo o fofy ot fF
feufa # wo Ho go fafty amy Aft

() Write down the basic assumptions for LMTD method in case of heat
exchanger analysis. 5

(i) Write down in which case LMTD method and in which case NTU method
will be applicable in basic heat exchanger analysis. S

2. (@ 0.-6m?2 ¥ ITRU-FE IFA A& Th 15 m I fafeF * 20 kg THEA F T
FoRfE e ¥ i W 25 °C W3 m3 @t o fifed 71 fieed % A9, 15 °C W3 m?
e % @y o T 2, S fa § qwln o ) el e f egfd 3@ wER R
I 2 5 fred ow e & ok a1 90 R A ae whera 1 I FRT (@) fre %
IR A [ U FreEen F fae R o e (kJ) iR (i) TR % RE I R e
s (kJ). (i) 31 % T wshe &1 P-v Ii@ @i |
aEEed @@ (Py) ® 101 kPa, 3R ¥ faw C, @ik R %7 0312 kJ/kg-K 3R
0-2081 kJ/kg-K 7 S| 25 °C W 9 i faf¥e maa+ 0001003 m3 /kg #1 o

A 15 m high cylinder with a cross-sectional area of 0-6 m? contains 3 m?® of
liquid water at 25 °C on the top of a thin insulated piston of mass 20 kg. Below
the piston, argon gas is at 15 °C with a volume of 3 m?3, as shown in the figure.
Heat is supplied to argon such that the piston rises and pushes the water out
over the top edge. Find the (i) work done (kJ) to remove the whole water from
the top of the piston and (ii) heat transferred (kJ) to argon during the process.
(iii) Plot the process on P-v diagram for argon.

SKYC-B-MCHE/ 14 3 [ P.T.O.



(b)

()

Assume atmospheric pressure (P)) as 101 .kPa, C, and R for argon as
0-312 kJ/kg-K and 02081 kJ/kg-K respectively. The specific volume of water
at 25 °C is 0001003 m3 /kg. Neglect piston thickness :

100 kPa 3R 290 K W a1 ¥t & 3 =il 3R yewor F Q) =Roit % W vF N e
B g Fft | T8 T el o, g qun sriiaes @ I o ¥ Sel w1
% 7@ IPIE 4 R T Fa IR A wAS § 300 kJ/kg I SR el ¥) gt
Y F AEHAF 20 °C ¥ ¥ 7@ ¥ T-s M@ Gy @) y@ Hiw () 9 Reww
I (kJ/kg), (i) & 3cared #@ (kJ/kg) a9 (i) b 6 arfia zaan) asht ddiest ok
TaTEA & foTe TR yeTeE 7 i)

T %Y C, = 1-005 kJ/kg-K 91y =1- 4 #hfir)

Air at 100 kPa and 290 K enters a gas turbine cycle with two stages of
compression and two stages of expansion. This system uses ideal regenerator,
reheater and intercooler. The pressure ratio across each stage is 4.
300 kJ/kg of heat is added in combustion chamber and reheater each. The
regenerator increases the air temperature by 20 °C. Draw T-s plot and
determine the (i) total heat rejected (kJ/kg), (ii) net work output (kJ/kg) and
(i) thermal efficiency of the system. Assume isentropic operation for all
compressors and turbines.

Take C, of air = 1005 kJ/kg-K and y=1-4.

T AEHI-39E g8 1 F3 &9 250 mm? 7o fiEE 89 500 mm? }) 9 350 K ¥
@R 99 a1 1 MPa % fRR 2@ % w19 ge § vaw o ¥ g8 % mem @ a1y A stftean
yare a1 Wfves 7@, Wivs aowm, ¥ g o0k 9, g ¥ P w, 3@ S

y=1.-4, R=0-287 kJ/kg-K & wn &

T % B o T arfershn w1 3w i

A convergent-divergent nozzle has a throat area of 250 mm?2 and an exit area
of 500 mm?2. Air enters the nozzle with a stagnation temperature of 350 K and
stagnation pressure of 1 MPa. Determine the maximum flow rate of air through
the nozzle and the static pressure, static temperature, Mach number and
velocity at the exit from the nozzle.

Given y=1-4, R=0-287 kJ/kg-K.

Use Gas Table to solve the problem.

SKYC-B-MCHE/14 4
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Table : U4 ¥a18 (Isentropic Flow)

g @ifete (Gas Table)

A p T

M M* rg p% P T
0 0 oo 1:00000 1-00000 1-00000
0-10 0:10943 58218 0-99303 0-99502 099800
0-20 021822 29635 097250 098027 0-99206
0-30 0-32572 2:0351 093947 095638 098232
0-40 0-43133 1-5901 0-89562 092428 0-96899
0-50 0-53452 1-3398 0-84302 0-88517 095238
0-60 063480 1-1882 0-78400 0-84045 0-93284
0-70 073179 1:09437 0-72092 0-79158 091075
0-80 0-82514 1-03823 065602 0-74000 0-88652
090 091460 1-00886 059126 068704 0-86058
1-00 1-00000 1-00000 0-52828 063394 0-83333
1-10 1-08124 1:00793 0-46835 0-58169 0-80515
1-:20 1-1583 1:03044 041238 0-53114 0-77640
1:30 12311 1-06631 036092 0-48291 074738
1-40 12999 11149 0-31424 0-43742 0-71839
1-50 1-3646 111762 027240 039498 068965
160 1-4254 1-2502 023527 0-35573 066138
170 1-4825 13376 020259 031969 063372
1-80 1-5360 1-4390 017404 028682 0-60680
190 1-5861 1-5552 014924 0-25699 0-58072
2:00 16330 16875 0-12780 023005 055556
210 16769 1-8369 0-10935 020580 053135
220 17179 2:0050 009352 0-18405 0-50813
2:30 17563 2-1931 007997 0-16458 0-48591
2-40 1:7922 24031 0-06840 014720 0-46468
2:50 1-8258 26367 005853 013169 044444
2:60 1-8572 2:8960 005012 0-11787 042517
270 1-8865 31830 004295 0-10557 0-40684
2:80 19140 35001 003685 009462 0-38941
290 19398 3-8498 0:03165 0-08489 0-37286
3-00 1-9640 42346 002722 0-07623 0-35714
350 20642 67896 001311 004523 028986
4-00 2-1381 10-719 0-:00658 0-02766 0-23810
450 21936 16-562 0-00346 001745 0-19802
500 22361 25-000 189(10)5 001134 016667
6-00 22953 53-180 633(10) 0-00519 012195
7:00 2:3333 104-143 242(10y6 000261 0-09259
9-:00 2:3772 327-189 474(10)‘7 0-000815 0-05814
10-00 2:3904 535938 236(10)7 0000495 0-04762

- 2:4495 o0 0 0 0
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8. (@) 1 cm et A Th RN T WRF (I AeHA = 22 W/m-K) § 600 MW/m3 6
THEAH W T 394 Bt 2| 9 F 9 3w awE 200 °C W FRR T @ s 3
¥ Tl M F 100 °C R R G w@ S ¥ () e F e Aew, (@) e
AYHA 1 T R A F1 8T Q1 (iii) T F ST AR A I Gorg SR I Rem
Bft? - 3T, Tmr-gen S =er 7F wifig)

Heat is generated in a stainless steel plate (thermal conductivity = 22 W/m-K)
of thickness 1 cm, at a uniform rate of 600 MW/m3. The left side of the plate is
maintained at 200 °C and the right side is maintained at 100 °C. What will be
the (i) temperature distribution across the plate, (ii) location and value of
maximum temperature and (i) heat flux from both sides of the plate and its
direction? Assume one-dimensional, steady-state heat conduction. 20

(b) F T TAW I FHT 9 F 0 waAeE (R 2Raw) 50 °C w e st A ows w,
Qw,» % T &, 30 °C T F1 IR FH a1 S 357 § & e 21 9w, Quy, » T 7F #

et STt & S 150 °C R Qy Yo il B AR Fat safte =t 5 MW 2, @) 31 aowe ™
Terafa st it == @ FRTY) Fo1 $o oIk o Ty B R T AR

| 3aRte F= 50 °C |

A le Y OW2
4

Y QL 4 QH
30 °C 150 °C
el [

Ty

A combination of a heat engine driving a heat pump (see the figure) takes waste
energy at 50 °C as a source, QWI» to the heat engine rejecting heat at 30 °C.

The remainder, sz , goes into the heat pumnip that delivers QH at 150 °C. If the

total waste energy is 5 MW, find the rate of energy delivered at the higher
temperature. Assume heat engine and heat pump as reversible :

L Waste energy 50 °C J

Y le Y QW2
4
e — ¥
Y QL \ OH
| 30 °C ' 150 °C I
Ty

20

SKYC-B-MCHE/ 14 6



() TH ¥z wdfish 6000 r.p.m. W Jad @99 1-25 kg/s A YW Hl &1 A<riH a1
il W =@ FHE: 05 m 3R 1 m ¥ ufF Ffee e 104 ?, swfE wdon s @R R
Hdies g @9d H ¢ The 50 kW B | 3780 TR T yoies 1 TR 45T, AR 98 3, B
71 9ed T B 9 Pis s qF <hfsi 6 i i g@-amed @ R

A centrifugal compressor delivers 1-25 kg/s of air while running at 6000 r.p.m.
The diameters at the inlet and outlet are 0-5 m and 1 m respectively. The
power input factor is 1-04, while the slip factor is unity. The power consumed
by the compressor is 50 kW. State the type of impeller used, whether forward,
radial or backward curved. Draw velocity triangles. Assume no prewhirl at the
inlet. 10

4. (a) T GE F AW A BRI Th EH, FH i wate W faER #a ge swise 6 A% wen
(M) = 1 T SRIEE 8|

Considering an ideal, isentropic gas flow through a nozzle, show that choking
will occur at Mach number (M) =1. 20

(b)) 30 °CRUF 1 m/s % AMA 1-5 cm AW Tl TF Afas Aferw § waw a1 €| qwht H
ER A 90 °C ¥ R q9HHA W =AY W@ Sl §) AR b g F amEE 65 °C B,
AR Y TS ) o IR HE ' T ekl @ T TR faggew R, o o @ fafhd @ el
Aferent 1 2tiaie g8 faa 21

it % e fog e E
Fe1 =Tl (k) =0-656 W/m-K
oed () =984 -4 kg/m>
& WMl (v) =0-497 x107% m?/s
fafie 5o (C,) =4178 J/kg-K
Wigel €& (Pr) =3-12
o] U7 (F) = 0- 079 (Wicew @)~ 02°
Hiegq &1 =Re
. (£)(Re p—1000) Pr
A e T (N p) = 1+122-7(§)1/2(Pr2/3—1)

% T, AT % 7eF § g % qoeE IR Aferet # q@-urd i o Hifsg

Water at 30 °C enters a 1'5 cm diameter horizontal tube with a velocity of
1 m/s. The tube wall is maintained at a constant temperature of 90 °C.
Calculate the length of the tube if the exit water temperature is 65 °C. One may
assume that the flow is turbulent, fully developed and the internal surface of
the tube is smooth.

SKYC-B-MCHE/14 7 | BT.0.



The properties of water are given :

Thermal conductivity (k) =0-656 W/m-K

Density (p) =984 -4 kg/m?

Kinematic viscosity (v) =0-497 x10"® m?2/s

Specific heat (Cp)=4178 J/kg-K

Prandtl number (Pr)=3-12

Friction factor (F) =0-079 (Reynolds number)‘o'25

Reynolds number =Re [,

(%) (Re ,-1000) Pr

1+12-7(E)V/2 (pr3/3-y)

Average Nusselt number (Nup) =

Also, calculate the water temperature at the middle of the tube and pressure
drop across the tube. 20

(c) TF Wret H T 150 L A ZH FR F A9 25 °C 3R 8 MPa T« W w83 ameht 9 (RN
fafire o) A o @A A FR ) T dren I R, R ag B T F 7@ 9 vaRa
T <t R, 5@ % % et 1 <@ 6 MPa 7 8 91T 39 &1 W ared 52 R S 21 9% W
1wl oSt & Bt @ 3R e w6 1 R IR N siewwr & v S R, el 9 oiqa: R
% AUHH W G99 37 ST B | T F i sifem @ w4 27

An evacuated 150 L tank is connected to a line flowing air (constant specific
heat) at room temperature 25 °C and 8 MPa pressure. The valve is opened,
allowing air to flow into the tank until the pressure inside is 6 MPa. At this
point, the valve is closed. The filling process occurs rapidly and is essentially
adiabatic. The tank is then placed in storage, where it eventually returns to
room temperature. What is the final pressure inside the tank? 10

@Uvs—B / SECTION—B

5. (a) U diicedn & &9 & gwiisy f Frafafas =@ & ofy, ddied wsaem (o am0) 99 % voawm
forerva =@ =1 2 gwifaa (3 =1 ) w2

(i) @ TsdeH q9EH
(i) € "Em
(i) EdET g
(iv) I=ig =
(v) TR AIEH
(vi) TTG-Fe AT
(vii) = TE GAEER

SKYC-B-MCHE/14 8



Show in the form of a table, how the increase in the following variables affects
(increase or decrease) the ignition delay period of a compression ignition (CI)
engine :

(i) Self-ignition temperature
(ii) Cetane number

(iii) Compression ratio

(iv) Intake pressure

(v) Intake temperature

(vi) Air-fuel ratio

(vii) Exhaust gas recirculation

(b) a9 Ifth =56 BY U AR FHREBH A hl Ao faevard w=n &7

What are the desirable characteristics of an ideal working fluid for vapour
power cycle?

(c) WT9-TETEA 1 YFTT 0T 1 87 G TUIeh gHN T W 9191 Bl 8, I8 WA oG TH A5
#i syt i

What is reheat factor of a steam turbine? Derive an expression to show that the
reheat factor is always greater than unity.

(d) a3 wftes aun ATy TR yEftad wonfert it gaen i)

Compare vapour compression and vapour absorption refrigeration systems.

(e) wTEHMHITEH a1 H IwEwT TRy fom worn A (i) smifdres amdan, (i) dan U, (i) i
AGHA T (iv) 3R ag ht TAt, 519 Qo o Ao 35 °C 3R z=ego fo Fo 23 °C R
AR 755 mm Hg sl @ #)
aiifta wdisia afieon 1 3@ AT (bar § 3@ 1 9F <fifSw) :

, 1.8pt-t

pu=pu—'—2p7£)—o)

W&, p, =S dio Ao & JFEY TetaT™d H1 AR I
p,, =g Mo Fo F ITET FAaT FH AR T8
t =Slo o Fo
t':g&?l’{gd’lo?ﬁo
p = NHiedt 7"

10

10

10
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= fou ¢ SreraTsy % ot 1 I9EeT AR

t (°C) arq-ara (bar)
10 0012272
12 0014017
14 0015977
16 0018173
18 0020630
20 0023373
22 0026431
24 0029832
32 0-047552
34 0053201
36 0059423

Without using psychrometric chart, calculate (i) relative humidity, (ii)) humidity
ratio, (iij) dew point temperature and (iv) enthalpy of moist air, when DBT is
35 °C and WBT is 23 °C. The barometer reads 755 mm of Hg.

Use modified Apjohn equation (take values of pressure in bar)
, _1-8p(t-t’)
Py =Dy — 2700
where, p, = = partial pressure of water vapour (w.v.) corresponding to DPT
p, = partial pressure of w.v. corresponding to WBT
t= DBT
t’= WBT
p = barometric pressure
Use the properties of water vapour given below :

t (°C) Vapour pressure (bar)
10 0012272
12 0-014017
14 0-015977
16 0-018173
18 0-:020630
20 0-023373
22 0-026431
24 0-029832
32 0-047552
34 0-053201
36 0-059423

SKYC-B-MCHE/14 10



6.

(@)

(b)

TF B:-faferet, IR-Rs Ho 130 W i Frim wifs wh gaford s s/ stamfa

mﬁmen%,ﬁmsmp:% frm %, 5l P, kW & wftp 3, W = § s (3)

YR B @ N, r.p.m. ¥ 559 I (T 8| $99 R U qiewr & SR el smaeea feg o
IR = 100 mm; €% = 110 mm; WY (dF) ¥R = 540 N; oA 7
= 2500 r.p.m.; $¥F % C/H 31U (F59H 1) = 83/17; 9Ra™ & = 1-0 bar;
IREae qUEH = 27 °C; 100 cc $¥F @WUd % fou fon mn w99 = 18 s; & uAe
= 780 kg/m?3; M = I WA = 45 MJ/kg; TH TR I A T anpee
a1y il FFWH FEE R = 5:301126 kg/min.

3% e et <@, o Tl fum aua, s A qaan, st qarar qen srfafwe 9 %
gfeeTd i 7o iR |

Rarg =0-287 kJ/kg-K féan mi |

The power output of a six-cylinder, four-stroke CI engine is absorbed by a
WN

20000
in kW, W is the brake load in newton and N is the engine speed in r.p.m.
The following observations are made during a test on the engine :

hydraulic dynamometer for which the law is P = , where P is the power

Bore = 100 mm; Stroke = 110 mm; Brake load 540 N; Engine
speed = 2500 r.p.m.; C/H ratio of the fuel (by mass) = 83/17; Ambient
pressure = 1-0 bar; Ambient temperature = 27 °C; Time taken for 100 cc of
fuel consumption = 18 s; Fuel density = 780 kg/ m3; Calorific value of the
fuel = 45 MJ/kg; Mass flow rate of atmospheric air consumed by the
engine = 5:301126 kg/min.

Il

Calculate the bmep, bsfc, brake thermal efficiency, volumetric efficiency and
the percentage of excess air.

Given, R,;, =0-287 kJ/kg-K.

(i) s SEmEA % T = % fafire 3 Piye s, < e w9 @ fafim 3 e gl @

(i) ATEE TR @R % soig-H- Ifd STAT, p 1 EAH IH p = cos o | T S B,
I8 T TG TH A oA hivrg, el o, FRR e o1 sF=wia o R
(i) I% +f <wisy fop urd=g wfafren <xamga A eifteran qaran
2 cos?a

2

‘n o e ————— i
St 1+cos“a

@ R
(i) P epam T G IR0 Ffdfshan Mg % o Bigs s9EY)

20
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() Draw typical velocity triangles of a stage of a reaction turbine, clearly
showing the various velocities.

(i) Derive an expression to show that the optimum value of p, the
blade-to-steam speed ratio for a Parsons reaction turbine is given by
p =cosa, where o is the inlet angle of the fixed blades.

(i) Also, show that the maximum efficiency of the Parsons reaction turbine is

given by

2 cos?

1+cos?a

Nmaximum =

(iv) Draw the velocity triangles of the Parsons reaction turbine operating at

P optimum * 20
(c) aagEReR arfet Alrwea hit fafim faftmt £ 9au 9 s=men i)
Explain briefly the various methods of air-conditioning duct design. 10

7. (a) T AREEA-IGER e 5 bar, 250 °C W NY ¥ Hal & 3R W 1 bar | FHedt (i @
ol & & werRa oan R e 3 R Nen Fa g Frafafaa 7me % T 05 keg/s F
T VAR % T stawass fim & it o fifs

() 9 YaTE §geE | &
({) <= vaR pr'd = foris ¥ srfowgy @
fa T}, 5 bar, 250 °C W
v=0-4744 m3 /kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
3R 1 bar ®
v; =0-001044 m>/kg, v, =1-6729 m>/kg
hy =419-04 kJ/kg, hy, =2676-1 kJ/kg
sy =1-3069 kJ/kg-K, s, =7-3549 kJ/kg-K
A convergent-divergent nozzle receives steam at 5 bar, 250 °C and expands it

isentropically into a space at 1 bar. Neglecting the inlet velocity, calculate the
exit area required for a mass flow of 0-5 kg/s for the following cases :

(i) When the flow is in equilibrium
(i) When the flow is supersaturated with pv'"® = constant
Given, at 5 bar, 250 °C
v=0-4744 m3/kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
and at 1 bar
v; =0-001044 m® /kg, v, =1-6729 m®/kg
hy =419-04 kJ/kg, h,; =2676-1 kJ/kg
Sy =1-3069 kJ/kg-K, Sg = 7-3549 kJ/kg-K 20
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(b)) TF 1 TR Wiicd 49 R134a §@ §qW o ddied wefiaa =% W HH @ 8| aifas 3R
T ¥ THE F: —10 °C 3R 44 °C R I HREY (1) Wids H 5T0H TR R,
(i) GfeF W, (iii) St waed gwar e (iv) e o (Ho o o) | 77 +ff I
HRY (v) AT g1 F Hro ahes F Afm @ § 3 T (vi) IWEE TH, FEE TIEH
et F i Ten aTe o FH I i gal 3 | Gl § N i HgW a9 % ®9 4 A1
iR e FH o § Guf A Gg @@ Tfiah SR 3T W@ 2| R134a % 0 drferh # g

R
/g0 T | GgH arsq &1 i =

T P qge qgq (kJ /kg) (kJ /kg-K)
(°C) (bar) !

o ar

(kg/m3) (m3/kg) [ arsg T arsq
hf hg Sf Sg

-10 2-005 1326 0-09963 186-78 | 39275 0-951 1-734
44 11-3 1129 001786 | 262:38 | 421-28 1-209 171

g wefaes o fafke s = 1-26 kJ/kg-K fifsm)

A 1 TR refrigeration plant works on R134a simple saturated vapour
compression refrigeration cycle. The evaporator and condenser temperatures
are —10 °C and 44 °C respectively. Determine the (i) mass flow rate of the
refrigerant, (i) compressor power, (iii) volumetric cooling capacity and (iv) COP.
Also, calculate the (v) increase in the specific compressor work due to
superheat horn and (vi) throttling loss, in comparison to reversed Carnot cycle
operating between the same temperature limits. Consider the entry to
compressor as saturated vapour and saturated liquid refrigerant is leaving the
condenser in the reversed Carnot cycle. The properties of R134a are given in

the table :
. Specific Enthalpy Entropy
Density of
r P saturated volume of (kJ/kg) (kJ /kg-K)
o saturated
(°C) (bar) hqwd3 — Liquid Vapour | Liquid Vapour
(kg/m%) | 13 /1g) hg hg f ‘g
-10 2:005 1326 0:09963 18678 39275 0-951 1-734
A4 11-3 1129 001786 262-:38 42128 1-209 171
Take specific heat of vapour refrigerant as 1-26 kJ/kg-K. 20
(c) =arem i % Sew qa h Frefafea vt sade (me o) A F T=H B
gTferd Tt B
(i) HHE@
(i) A GRS
(i) =eE fog

(iv) TFTH @ AW qUH
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(a)

(b)

Explain how the following characteristics of the lubricating oils affect the
operation of an internal combustion (IC) engine :

(i) Viscosity
(i) Viscosity index
(i) Pour point

(iv) Flash point and fire point

HA TF W FA A a0 TH o AZo 9 F fufiet SR 210 mm 3R RiF =T
240 mm | 3THW AT 1550 cc ¥ | GhieA % e & 7@ 3R q99H 99 1 bar 3R
17 °C §| 5 1 I T 50 bar ¥1 ¥ % e fargall W 3@ 3R qromm, arg-qm
3El, P qA1 Heg woret o i R = A Py 3R Tos sRE W Twize) IR
%1 W AH 40 MJ/kg ?, T kg/kWh § $u7 i @ua %1 g Fifv |

g% C, 3R C, F F: 1-005 kJ/kg-K 3R 0-718 kJ/kg-K wifm)

An SI engine working on the Otto cycle has cylinder bore of 210 mm and stroke
length of 240 mm. The clearance volume is 1550 cc. The pressure and
temperature at the beginning of compression are 1 bar and 17 °C respectively.
The maximum pressure of the cycle is 50 bar. Determine the pressure and
temperature at the salient points in the cycle, the air-standard efficiency, the
work done and the mean effective pressure. Show the cycle on P-v and T-s
diagrams. Evaluate the fuel consumption in kg/kWh, if the calorific value of
the fuel is 40 MJ/kg.

Take C, and C, of air as 1-005 kJ/kg-K and 0-718 kJ/kg-K respectively.

40 °C o flo do 3R 50% Mo TAo W 100 m? /min A R A yarfea a7y A 26 °C
o o do 3R 50% Mo TAo W 20 m?/min A @ A yarfRd ag H g@d um F @™
foreman s 21 o sfiaem Feeht W A yarfea dar @ R wo So fo qmWE 10 °C @
ST O 0-2 1 Fecht A Frshen areh a1y #1 Ao dio Fo 3R 3Ro THo 1 AT IR 77
Y T AR e 3mgfd i e B, @l o do fo 26 °C R FRo THo 50% Y
@1 S ®, A TR R () e H S I A (i) Seftad 24 § el viaed &)

T 1 T AoHIEG, TRG 1Y 3R @l a0 uw amifE =16 % oY W sty

wrgife =T faan gan R

Air flowing at the rate of 100 m3 /min at 40 °C DBT and 50% RH is mixed with
another stream of air flowing at the rate of 20 m?3 /min at 26 °C DBT and
50% RH. The mixture flows over a cooling coil whose ADP temperature is 10 °C
and bypass factor is 0-2. Find the DBT and RH of air leaving the coil. If this air
is supplied to an air-conditioned room, where DBT of 26 °C and RH of 50% are
maintained, then calculate the (i) room sensible heat factor and (i) coil cooling
capacity in tons of refrigeration.

SKYC-B-MCHE/14 14
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Draw a schematic diagram of the system and show all the processes on a

skeleton psychrometric chart.

20

Psychrometric chart is given.

% 120 125 130 135 140 145 0.35
< e v
20,633
w -vllo /B § Jm ( N‘cbon
g o Vimy, Sy @WANS SUmy, m
& & / VT 0031 [0.40
8 "3 AV 00 |,
° S » / ~A L/ N 0.029
C 1 h. 5 s J \ ] \ m.ub»w v
~ Lo ! 4 'S \ 3
) ML S @ e / / F0.027 [
o \\ SV4E E4 10.45
m w W %\ % — ™ wE 4
m 23 N b I Fo.025 |
= B < 8 &, N NVEES \/ m 0 B et S
W) < [ N ‘\ .
m CS \lOD. & % N A < q W & 0023 [
N £0.022 g
B 5 yirav, VAURS IR ZN TS 3} S e
<al A 74 Y \/ = ‘ 0. .
O s .r4 3 ™ X A % £0.020 |
“ S ~ ’ N I 0019 [0.60
P M % % N \1 — * ™ :\ ™ 0.018 [
- = N Villn A 0017 065
o 8 /as \i ANZIEA N -
% &u / <] J_\ \ J/.me 4] \\ Kl m N0 .luo_u m\o.uo
& A N ~NA N TN N ot E075
G 8 S N THY N SEASAFEIS SN_E o F0.80
& @ S AL C NS TN N o E I~ mcl“““ wo.om
o o LA PRI x| ] RUARNIZ5N SIANBN P Foon 020
E AN D ] TR N ] 15 7S E o £0-08
& 30 \ 2 > s J\Q«/ v q PN *.\1 ] N N q Amhgo 1.00
& 2 Q> VA(W/V%.A N DRy Y N IS N N A T o
o=V 2= TN < N N AT N T oo
E K N sees U e ] HI P >4 N .m..esm
0 o > XX)VA(W s Q) N%Y AN SNIENERNED s N Fos E|E
3 S5 PSR 5 SRS EEEAE INENA SN ST s Vs SR SARS I
e <] T = NI D NPR ™ ~ADK 0,00 & &
) / = e L o RO N ST DN ] NEANERR a.snm o
A SR EANNNANEDS aNNYA ™ NOHRA R NN T b ...8_ @ M
= 2108 ABVENE NINN N O TR TR N ua.som
-10 / -5 0 5 10 15, 20 25 / 30 35 40 A 50 55
DRY BULB TEMPERATURE, °C
0.75 m¥kg 0.80 m¥g 0.85 m¥kg 0.90 m¥kg

BELOW 0 °C PROPERTIES AND ENTHALPY DEVIATION LINES ARE FOR ICE

SPECIFIC VOLUME, m%kg DRY AIR

SENSIBLE HEAT FACTOR

[ P.T.O.
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(c) T WEhH JENT MY I I FA ¥ TF TEAH T 910 SR 1 G40 el §1 3aim fg g
$uA il THUH YR W 0-847 kg/s ® 3R $w7 w1 I=fim wm (CV) 44 MJ/kg B T
TEA ¥, I kg A F 16 kg ag A avasmar gt 7, Fras g R % snar w s@ www
¥ 30 mm ¥F YA A AavEHA AN 21 T AW SR | 350 °C R Freradt 31 ®RF H W
%1 3ff|a awH 300 °C o s whan B @R 20 °C W 71

7% 7 g¢ F6 Re & Frin w b @ 9 e 3, e A FEE 3R I6F uR w1 M

fruifa Hifr)
S A, Tt H g57uH ar ) A ft e Fifvg)
Pargiesr =101-3 kPa, Rapy = Ryg =0-287 kJ/kgK, g=9-81 m/s?,

Pum = 1000 kg/m? &S

A process industry employs a medium pressure boiler to produce steam. The
mass flow rate of fuel consumed is 0-847 kg/s and c.v. of the fuel is 44 MJ/kg.
For efficient combustion, 16 kg of air per kg of fuel is required, for which a
draught of 30 mm of the water column is required at the base of the chimney.
The flue gases leave the boiler at 350 °C. The average temperature of gases in
the stack may be taken as 300 °C. The atmosphere is at 20 °C.

Assuming the velocity of gases at the stack exit to be negligible, determine the
height of the stack and the diameter at its base.

Also, calculate the mass flow rate of the gases.
Take Pymosphere =101+3 kPa, Ry = Rgaees =0-287 kJ/kg-K, g=9-81 m/s?,
Pwater =1000 kg/m®. 10

* K k
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