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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
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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.
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(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.
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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
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() 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.
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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
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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
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