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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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@Uus—A / SECTION—A

1. (@) TF 9% & gHS, FmH 590 15 kg 3R GRS aOHE 260 K R, F@EOT 8§ FS
WA % FRU 1 bar T R ued 1 $ G99 TE, TROTR S A@RRY 6 AGHA
203 K %I W Fl ¥ 3@ Wk & Gaftd tgidl Ieare i momn il | o F fEed $
o (% #e) 334 kJ/kg B, oh v uA Fi fftm Fod (WfufEE de) wEw
2:07 kJ/kg-K a1 42 kJ/kg-K ¥ @+ AR f @b 27315 K W fomerdt &1

A lump of ice with a mass of 1'5 kg at an initial temperature of 260 K melts at
the pressure of 1 bar as a result of heat transfer from the environment. After
some time, the resulting water attains the temperature of environment, 293 K.
Calculate the entropy production associated with this process. The latent
heat of fusion of ice is 334 kJ/kg, the specific heat of ice and water
are 2:07 kJ/kg-K and 42 kJ/kg-K, respectively. Assume that ice melts at
27315 K. 10

(b) R YOE-qE (A6 A9) F PuEE (SRAEM) § Afrenafen 4% @en My, =0-5 7

N 7@ (RIA W) 2 bar B Fefafea it fuifa Fif

(i) e (k) & gyare § f w@m M,

(i) W= & Wfawate (ATEW) A WH
T, 9 ® oy =1.4 9 R =0-287 kJ/kgK &
iq 3 R ™ T o (3h) A qu STRaieh YaTE difer < STEm TR S @ R
Downstream of a normal shock wave, the characteristic Mach number
ML =0-5 and the stagnation pressure is 2 bar. Determine the following :

() The Mach number M, downstream of the shock

(i) The stagnation pressure upstream of the shock
The fluid is air and y=1-4, and R =0-287 kJ/kg-K.

Normal shock table and Isentropic flow table provided at the end, may be used. 10

() aoft ¥ w9 #§ Tuisd B Prefifed wee e ya@ @ (9% 99) % fog F afafda @ @
(sga &/=ed &/fer wa 2) -
@ﬁﬁs‘m,mw,wnm,ww,wnm,ﬁmm,@maﬁt

LRUERLE

Show, in the form of a table, how the following parameters change (increase/
decrease/remain constant) across a normal shock wave :

Static pressure, Static temperature, Stagnation pressure, Stagnation
temperature, Stagnation density, Mach number, Entropy and Stagnation
enthalpy 10
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(d) e o fAfeea ¥ W 50 cm ARE ) T 9 SR | a9nE F e TR gwi T
T(x) =90 - 80x +16x2 +32x3 —-25x*

el x WX & § aw AR o & v orgEr feR F 96 ug | W wn @ w7 Rl e §
21 3R <R #1 d3%a 10 m? § oI Gar # s w1 FE cred 76 @ w R, @ Fefafag

T iR
(i) TR & Fa9 F 3R AR ¥ T Frren arelt I i R
(i) AR F wda I S (e Tel) f R

(ifi) x=07T4 x=0-5m W I & Y qAYHH IRadq hl =X

7

50 cm

7

b % >
x=0 x=05m X

At a certain instant of time, the temperature across a large wall of thickness
50 cm is given as

T(x) =90 - 80x +16x2 +32x3 -25x*

where x is in metres and measured from the left face of the wall as shown in
the figure below and T is in °C. If the area of the wall is 10 m? and there is no

generation of heat in the wall, compute the following :

(i) The rate of heat entering and leaving the wall
(i) The rate of heat energy stored in the wall

(iii) The rate of temperature change with time at x=0 and x=0-5m

7

50 cm

/8

1 Cd
0 x=05m X

X

10
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(e) T 120 W fogq s % dg (framie) =1 amwm 3005 °C R dg # H@n 4 §C

Fr=fafaa &t om Hivd

(i) 99 IR 1 =W, AR IFH =8 250 mm B

(ii) <= i 2&rar, gvEnE fafemo (fafsem Wewem) & smur W, aft graam fafemo 6 st

1 (J9T ) 0-4 pm ¥ 0-75 pm & = B

HHA-diegemM Fad® (0) F 5-67 x1078 W/m?2-K* ifd| Hiom (s =7 fafmm
For (ewem waem) anoft § 3 W § -

A 120 W electric bulb has a filament temperature of 3005 °C. Assuming the
filament to be black, calculate (i) the diameter of the filament wire if the length
is 250 mm and (i) the efficiency of the bulb based on visible radiation if the
visible radiation lies in the wavelength range from 0-4 pm to 0-75 um. Assume
Stefan-Boltzmann constant () as 5-67 x 1078 w / m2-K*. The black body

AT (um-K) fosa
1300 0-:004317
1400 0-007791
2400 0-140266
2500 0-161366

radiation functions are given in the table :

2. (@) () @& ¥ioadi (Raftiad) wfe 95 5 &1 350 0 vfdedi o 99 (€2 99) i 9am & 'R
T e @) IRt = AE 7 W Q; A S ) TgW Hl @ IR q9HA T, W Q,
FoH] 1 IRATT FA@1 B | A9 99 THA T, R @ fF ¥ 0, I R srawifia wwar &
IR AIHA Ty R Q; Fo #i Freawifera ol ¥ SR a9WM T3, T,, T3 T T, % Gadf &

AT (um-K) foon
1300 0-:004317
1400 0-:007791
2400 0:140266
2500 0-161366

Q4 /Q & I F TR & v faafem il

A reversible power cycle engine is used to drive a reversible heat pump.
The power cycle takes in Q; heat units at temperature 7; and rejects heat
Q, at temperature T,. The heat pump abstracts heat Q4 from the sink at
temperature T, and discharges heat Q; at temperature T;. Develop an
expression for the ratio Q4 /Q, in terms of the four temperatures 7, T,, T3

and T,.
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(i) 3 4 TF @EET § 2 MPa, 1000 °C ¥ 350 kPa @ wared (deamafes) wv 3
YETRa Bt 1 A A FAWH TG R 0-5 kg/s B a9 T@ET 120 kW B R F ule
Ia Hal 2| Frefafaa w Ruffe HitA .

(1) =@ & fm R 3 1 qEE
(2) sfaseerar (sffafifaferd) =
(3) facia fem geman

st o fufost Syl it st AR @t T =20 °C 3R P, =1 atm #ifA)
A 1 3fOGF MR 40 kg/kmol 3R y =1.67 AR (T, 3R P, wow: Frameror
qH R T §)

Argon gas expands adiabatically in a turbine from 2 MPa, 1000 °C to
350 kPa. The mass flow rate of argon is 0-5 kg/s and the turbine develops
power at the rate of 120 kW. Determine the following :

(1) The temperature of argon at the turbine exit
(2) The irreversibility rate
(3) The second law efficiency

Neglect kinetic and potential energy effects and take T, =20 °C and
Py =1 atm. Take molecular weight of argon as 40 kg/kmol and y =1-67.
(To and P, are the environment temperature and pressure, respectively) 10

(b) wdifEd I (FHRE TIRN) 50 mm Fials A areht 0 efier gEgerss § vafkd 6t s
R I (FeR) W e Hi Rl (R wdwE) Py =10 bar 3R T, =400 K %)
3frwd Wi o oI £ = 0002 }1 AR A G win w3 ¥ wewE fifr w 1 @
3, @ fr=fafea = fuifa HfvE

(i) 9159 T =TS

(i) Tt w an

(iti) JEE (RATA) q9HE § qRadd
(iv) 38 T ® gftEdA

(v) T & afEd

(vi) TEHM FETE R
"R i 6 ware wars (Yearafes) ¥ ag % R y =1-4 91 R =287 J/kg-K wifid|
HTFA=ZTIh YaTe difereht ae Pel yare it 3iq # deow 8, Fme 3uam fen s gear 2)
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Compressed air is transported in an industrial pipeline of 50 mm internal
diameter. The stagnation conditions at the inlet are P, =10 bar and T, =400 K.
The average Fanning friction factor f =0-002. If the Mach number changes
from 3 at the entry to 1 at the exit, determine the following :

(i) The length of the pipe

(i) The velocity at the exit

(iij) The change in the stagnation temperature
(iv) The change in the stagnation pressure

(v) The change in the entropy
(vi) The mass flow rate
Assume the flow to be adiabatic. For air, take y =1-4 and R =287 J/kg-K.

Isentropic flow table and Fanno flow table attached at the end, may be used. 20

(¢ 0-2mx0-2 m AR H TF Iacll H9aA Tg! Hl IYHSAR g T8 & FHMHIR @l 74T 8,
51 A 40 m/s B1 9 F AR T, =20 °C R, &% ThH H T, =120 °C W R W@l
T R A, T2 A I iR Feelt gl W yaria dd @ qon foed @@ (30 9d) F Am @
@1 9H 0-075 N W Bl 81 9g1 i 31 dag) & a1g <l 3R w1 I R (e Zaw @)
w1 7

(wifr Pag =0-995 kg/m?3, Vag =20-92x107 % m?/s, By, =07,
kg =30x107% W/m-K)

A thin flat plate, that is 0-2 m x0-2 m on a side, is oriented parallel to an
atmospheric air stream having a velocity of 40 m/s. The air is at a temperature
of T, =20 °C, while the plate is maintained at T, =120 °C. The air flows over
the top and bottom surfaces of the plate, and measurement of the drag force
reveals a value of 0075 N. What is the rate of heat transfer from both sides of
the plate to the air?

(Assume  p,; =0-995 kg/m3, v, =20.92x10"% m?/s, Pr, =0.7,

air
Kair =30x1072 W/m-K) -
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3. (@ 10 cm B arch & ol SeAER B8 T T gfafen et (k=0-5 W/m-K) @
o g8 2, T AW R A § GAH ¥ H 24000 W/m3 & I W @ R B A
A ITTHR T % I guIed TR R, et el B 20 cm @ qon anfi e
4 W/m-K 3| 918t ¥a8 % ®a g1 100 °C R firlt g5 ® 7o vz ok W@ & 69 dag
Ul (T HITHERME) 20 W/m2-K ¥ 3 Serl % ofte avaeh Tae (206) & 9w,
R0 Tag W aHE 3R R rawen i fafa § tfteran aowm 3 Hifsd)

A long cylindrical rod of radius 10 cm consists of a nuclear reacting material
(k =0-5 W/m-K) generating 24000 W/m3 uniformly throughout its volume.

The rod is encapsulated within another cylinder whose outer radius is 20 cm
and that has a thermal conductivity of 4 W/m-K. The outer surface is
surrounded by a fluid at 100 °C, and the convection coefficient between the
surface and the fluid is 20 W/mz-K. Find the temperatures of the interface
between the two cylinders, at the outer surface and the maximum temperature
under steady-state condition. 20

(b) T 3iEnfEw IR & TR 9y A wfifed FH TG & el Tfied (AR FEW)
festrer fobn S R1 i (FTee) W SeUE (VM) i fRafeEl P, =1-1 bar @
To, =295 K &1 a1 39eR % 3 # frelt oft qe-spfa (ftered) < o onafta 9 @ s et R)
H&fia 3 gl 9 & TE ® 3R 9% 143 m/s & R §1 99 A 9 3k S F = wmm:
0-30 m 3R 0-15 m | I H FAWA Fa® X H TAT HIf |

TR 1 Fol =A™ 0-50 m | TR Faw (39g2) P 1-04 e fem Taex 0-9 ¥ 1w A
ol T 200 FER Afd dhee B FEWR A g 2@ (Pt M W amenf) 0-78 R
T & it (Ru) = 9 (feaa) a1 143 m/s R 9 oA & ‘$a wifat = snen feear’
TR H B ¥ FHW B T b ol ImEvEd T@ egua (VIR WA qon wie fuifa
HRA ) g @ e H R | R T B fim e (AR 2w) w5 fuifa
HvR ) er iR ferpr # Wfvs (RR%) qon seta (RITF) gEt R amwEl § a9 9@
tied ) Tuid gu T-s @ fafifa Hifvd)

ag & fe’d y=1-4, C, =1-005 kJ/kg-K.

A centrifugal compressor is to be designed for an industrial application
handling air. The inlet stagnation conditions are Py, =1-1 bar and Tp, =295 K.
The air enters the eye of the impeller axially, without any prewhirl. The axial
-velocity is uniform throughout the eye and is equal to 143 m/s. The eye tip and
root diameters are 0-30 m and 0:15 m, respectively. Calculate the mass flow
rate of air.
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The overall diameter of the impeller is 0-50 m. The power input factor is
1-04 and the slip factor is 0-9. The rotational speed of the compressor is
290 revolutions/second. The isentropic efficiency of the compressor (based on
total head) is 0:78. The radial velocity at the impeller tip is 143 m/s. Assume
that ‘half the total losses’ occurs in the impeller. Determine the pressure ratio
and the power required to drive the compressor. Also, determine the axial
depth of the impeller channels at the periphery of the impeller. Draw the T-s
diagram showing the variations of both static and stagnation pressures and
temperatures in the impeller and the diffuser.

For air, y=1-4, C, =1-005 kJ/kg-K. 20
() T fftea s fufa = B 7y =10 mm el © 96t § wla (Sfm) v ¥ f 3

3R A TS
2
u(r) =0-1[1—r—]

7‘2

0
r2 r4
T(r)=344-8+75—-18-8—
2 a
o To

&, el gebrgal s m/s ofR K #1390 e e w shem (a1 siowh) awm 7, &1 el
A fuifa fifvd)

The velocity and temperature profiles for laminar flow in a tube of radius
ro =10 mm have the form at a particular axial location

u(r)=0'1[1—%]

To
e ré
T()=344.-8+75— -18-8 —
3 4
0 0

with units of m/s and K, respectively. Determine the corresponding value of
the mean (or bulk) temperature 7, at this axial position. 10

4. (@) THIA AR E[F THR F GO (RIW) TH W1 ferggq wA (W wreR wedie) ¥ 3w B S
®, &l 98 35000 kg/h F WA 50 °C W Y= GG WY ) ¥eat Hl ¢ | Maed 9@ (Hfam
qIR) HSW A 15 °C W ¥a0 Fa ? 3R 25 °C W a1 Feberar ¥| Afermsdi (@) ¥
TR M 22-5 mm TN qE0 AW 25 mm &) o SET A e 2 m/s B Y
alied Bl 1 W9 g (VW W15e) W I AR i (Fe ZEHR FRERIGE) 5001 W/
mZ2-K %I

FrafaRaa & oA Ak -
(i) 5@ H F=AH vEE R (kg/s #)
(i) TSN S0 (§e ZER) FAE & (U, % MUK W)
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(i) TG % VTR ¥ NEEEH ACTHIeA N wE

(iv) HEH § AfTH T (@ E) h GE&n, I g3F i 7 f w=g 2-5 m A i
B

A AR S | frhem aren sfaae (F8) g W@ @ ok =@ At far w1 gfedy
T ]| STA-vfiE F S (€2 ) ok F o Nu = 0:023 Re®® PrO* wgday
1 I9GRT HISA | 19 At W FH F 2374 kJ/kg ARR| 20 °C F Med Tow qaEH W
vi@ % e frafafaa § -

Pr=6-98

p=998.9 kg/m?

C, =4-180 kJ/kg-K

v=1.0006x10"°% m?/s

k; =0-59859 W/m-K

g AM it 6 afaeedt (@) # var ia: fasfa @ qon o @ sew (@) w1 IwEm
for w1

A shell and tube type condenser is employed in a steam power plant to handle
35000 kg/h of dry and saturated steam at 50 °C. The cooling water enters
the condenser at 15 °C and leaves at 25 °C. The tubes are of 22'5 mm inside
diameter and 25 mm outside diameter. The water flows through the tubes at
an average velocity of 2 m/s. The heat transfer coefficient on steam side is
5001 W/m?2-K.

Calculate the following :

(i) The mass flow rate of water (in kg/s)
(i) The heat transfer surface area (based on U))
(i) The number of tubes required for water flow

(iv) The number of tube passes in condenser if the length of each tube pass
should not be more than 2:5 m

Assume that condensate coming out from the condenser is saturated water
and resistance of tube wall is negligible. For waterside heat transfer coefficient,
use the correlation Nu = 0023 Re?® Pr®*. Take latent heat of steam as
2374 kJ /kg. The properties of water at mean bulk temperature of 20 °C are as
follows :

Pr=6.98
p=998-9 kg/m?

C, =4-180 kJ/kg-K
v=1-0006x10"% m?/s
k; =0-59859 W/m-K

Assume fully developed flow through tubes and a single shell is used. 20
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(b) TH TOR T8 ETEA T 7 9% W HME Al ¢ a9 Th o SR A 20 MW WIfth TeH
FA1 | AlHIH qOEE 1200 K 991 JAaH a9 290 K B| =HAGH I 95 kPa @€
ftehad 319 380 kPa B AR 2temg iR Hited (FHRR) HI 5= <&@ %A 0-85
3R 0-8 &, A I HfR—

(i) ¥fes § ufae &9 Al 9y F F=TEE TE@Rw K

(i) |die® ¥ gfaw 9 Al 9 A AW TR X

(iii) HdTEH I AT FA TG TAWIH A FH (TG H A
(iv) 9% H s&m@r|

I} T A 75% & A Tk Ao (i) e [, @ 9% 6t @@ ok ge wE
freares § = qfEdq Bm?

ag % f@@ ¢, @it ¢, w7 1-005 kJ/kg-K @1 0718 kJ/kg-K A3

A stationary gas turbine plant operates on a Brayton cycle and delivers 20 MW
to an electric generator. The maximum temperature is 1200 K and the
minimum temperature is 290 K. The minimum pressure is 95 kPa and the
maximum pressure is 380 kPa. If the isentropic efficiencies of the turbine and
compressor are 0-85 and 0-8, respectively, find—

(i) the mass flow rate of air to the compressor;

(i) the volume flow rate of air to the compressor;

(i) the fraction of turbine work output needed to drive the compressor;
(iv) the cycle efficiency.

If a regenerator of 75% effectiveness is added to the plant, what would be the
changes in the cycle efficiency and net work output?

Assume C,, and C, for air as 1'005 kJ/kg-K and 0-718 kJ/kg-K, respectively. 20

() 1 m 3= A 0-6 m A< T FAR Tag ¥ fOR ag #, N wag Hit gon § 20 K 3 B,
T Hagd (Fl FaawH) TR T AR R (e TR ©) 71 21 & i & ol s siaw
R AU 0-6 m H= 3R 1 m NS TH FeAlR Gag F T AT R & T AU 1 &
R ag gae A g # 20 K it T A7 77 wifd fF o (Ram) g s siwm
TG R SR AUEH F GG F W aofehE o (omEiteiee wiedl) W avE 1@ R

o2 F@ R W& den ¥ di9 F 9" Nuy, =0-10 Ra®25 % wu § R mn 3
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(@)

(b)

(c)

The heat transfer rate due to free convection from a vertical surface, 1 m high
and 0-6 m wide, to quiescent air that is 20 K colder than the surface is known.
What is the ratio of the heat transfer rate for that situation to the rate
corresponding to a vertical surface, 0'6 m high and 1 m wide, when the
quiescent air is 20 K warmer than the surface? Neglect heat transfer by
radiation and any influence of temperature on the relevant thermophysical
properties of air.

The correlation between Nusselt number and Rayleigh number is given as
Nup =0-10 Ra?'?5,

@us—B / SECTION—B

P-§ (I-h HIU1) @ H FEEA A THo AFo Al Ho o 5l A ATHE (A7%) A
o Fifs | =arem FRA Y TR, N o Mo ! I AUTHR F AT Weg B E,
qra § dio 3Mgo 91 H ATEHE ) @@ 27 )

With the help of P-6 (pressure-crank angle) diagram, compare the knock in
SI and CI engines. Explain that “the factors which tend to prevent knock in
SI engines in fact promote knock in CI engines”.

‘rerd g (seens @r|)’ B ulen @ avfr AR 3 FR-] IR §, S e eRw =)
FEId 87 F¢ TY SMEAIG &RV H1 §9H $ (SIeH (WEHHE) | 1 NG gl 27

Describe the phenomenon of ‘blowby losses’. What are the factors that increase
the blowby losses? What are the effects of increased blowby losses on the
engine performance?

rashifae (Wafshieshar) afaeri it gorn § srfesifaen (qubERed) @ sl % = @ 3ik
wfal & @ @ o wm fagg W ¥ R sfwifes Ser 1 owEm W g e 9w
(T-s am@) =153, s e = (e *) e (§@f) @)

What are the advantages and disadvantages of supercritical pressure boilers
as compared to that of subcritical boilers? Also, draw the Rankine cycle
(T-s diagram) for a steam power plant employing supercritical boiler with single
stage of reheating.

10

10

10

10
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6.

(d) HHX I=E 6 & e g0 98 W T WY (TR FewW) F h mm 696 (IR) F R
TR R W e (TEH) F g HiR

h=353g| Ll [Matl) 1
y mg, )Ty

SRl m,, 9fd el S & T smgfd < ¢ a1 1 5= R 9w 7, SR T s AR
#i 9y ik ™ fw F Hem § aom #

Derive the expression as given below for draught h in mm of water column
being created by a chimney of height H metre :

h=353g| L _[Matl] 1
ol mg, )Ty

where m, is mass of air supplied per kg of fuel, and T,, and T, are ambient air
and hot gas temperatures in Kelvin, respectively.

(e) R134a & THMEMS 9W 1 27 F R134a TR F TH IgEa Tefas 50 (Ufksite) 27
e FHfw |

What is the chemical name of R134a? Is R134a an ecofriendly refrigerant?
Clarify.

(@) TF HA-Rri, a-w e, 3= 1 aren 9@ F 50 9% (ST uRfhe)’ W e B,
e wdfted g (FFEM WWEY) 15 : 1 ) 9 A@eR0ig 9 A 1 bar @1 27 °C |
TEW =l 7| Freiet & iR aifteran qmawE 1312 K ) F2-311% g 1:093 R| S5 @
X 200 mm T LiF T=EE 250 mm B FH A Tfd 3000 r.p.m. B FeEfafaa H
ET FIvE

(i) =6 1 q&rT

(i) 9 % W THE FENE R Y8 -

(iii) IRF IATEA (TR 31322

(iv) 3fEa wurEt <@ (H9 shfERe W)

(v) TRz ik | NS 1§ I AR fOR-TEE yiEn W S T I e

% F1 P-V Al T-s IRG@ T3 |
9y & fo@ y=1.4, R=0.287 kJ/kg-K %I

SLPM-B-MCH/11 12
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A single-cylinder, two-stroke, high-speed diesel engine working on ‘dual cycle’
has a compression ratio of 15 : 1. The engine takes in atmospheric air at 1 bar
and 27 °C. The maximum temperature in the cylinder is 1312 K. The cutoff
ratio is 1:093. The engine has a bore of 200 mm and stroke length of 250 mm.
The engine speed is 3000 r.p.m. Calculate the following :

(i) The cycle efficiency

(i) The net work output per unit mass of air
(i) The power output

(iv) The mean effective pressure

(v) The ratio of heat added in the constant-pressure process to that in the
constant-volume process

Draw the P-V and T-s diagrams of the cycle.

For air, y=1-4, R=0-287 kJ/kg-K. 20

(b) TH ey g (Remifea) W wife =% 3@ WeR "o @ @ 6 W9 30 bar 3R
350 °C W e #§ Fa9 FAt § 91 0-1 bar W Fehifea arft 21 300 Thal Goh W90 51
e (39 Fieart €X) g BT 8, ST 5 bar W w@ Fal &1 FH F A g (A
TR A oEn HiA | 30 bar 3R 350 °C W §M F e h=3115-3 kJ/kg 3R
s=6-7427 kJ/kg-K ¥l

I ERATTA UeH B WY ¥ o0 F WeW W9 arfermiet H A A

An ideal regenerative steam power cycle operates so that steam enters the
turbine at 30 bar and 350 °C, and exhausts at 0-1 bar. A single open feedwater
heater is employed which operates at 5 bar. Compute the thermal efficiency of
the cycle. The steam properties at 30 bar and 350 °C are h =3115-3 kJ/kg and
s =6-7427 kJ/kg-K.

Use Steam tables given at the end to get other properties. 20

(c) ¥ T e Juel ® 9 HEdr 9T Yided @ ardghed waAl & fod W wded
faer womelt i ge # e fowen F@ AEn S {7

Why is vapour absorption refrigeration system considered to be a better option
in comparison to vapour compression refrigeration system for large capacity
refrigeration and air-conditioning plants? 10
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7. (a)

(b)

(c)

T f3-Sofia WEEA (I-RS @EE) 50 bar 3R 350 °C W MM W FAl §| IA-I@ T
(-39 ©S) ¥ 1-5 bar | 99 Fehifya 2t } aen 3@ =wor | wfd w21 12000 kg w9 F
TEER A9 (A €fe) % TR Fesren i ®1 9 9@ HA 1-5 bar W 250 °C T F[: ™
frn s @ 3R R - @ (S1-IR @) ¥ @9 0-05 bar HEUe YR TH
faearia frn s ) 2temgd 36 @ WitE I 3750 kW 1| IH-3@ W01 H AEIUS
3qal 0-84 ® a1 Fim-g@ = A gR=IF &1 0-81 B | wfer wer SifTer g/ Ieqw W hi
T H A Hif

g9 & "Julﬂﬁ :
50 bar, 350 °C : h=3068-4 kJ/kg, s=6-4492 kJ/kg-K
1-5 bar, 250 °C : h =2972-65 kJ/kg, s=7-8709 kJ/kg-K
I TG 0 U HA BG A A & G W afereia] F S i |

A two-stage turbine receives steam at 50 bar and 350 °C. At 1'5 bar, the high-
pressure stage exhausts and 12000 kg of steam per hour is taken at this stage
for process heating purposes. The remainder steam is reheated to 250 °C at
1-5 bar and then expanded through the low-pressure turbine to a condensate
pressure of 0-05 bar. The power output from the turbine unit is to be 3750 kW.
The isentropic efficiency of high-pressure stage is 0-84 and that of the
low-pressure stage is 0-81. Calculate the rate of steam being generated per
hour by the boiler.

Steam properties :
50 bar, 350 °C : h=3068-4 kJ/kg, s=6-4492 kJ/kg-K
1-5 bar, 250 °C : h=2972-65 kJ/kg, s=7-8709 kJ/kg-K

Use Steam tables given at the end to get other properties.

(i) ST AOAF | F Aed R7 AagEed el i arHE B gifad e a9 HREh
I gt T 3R IR daw § wwensd |

What is meant by effective temperature? List and explain briefly the
factors which affect optimum effective temperature in air-conditioning.

(i) QA I TEE F e (WFERE) Pam H el (wEnis) v f aren
Hif |

Explain psychrometric process of adiabatic mixing of two air streams.

AMRo o ] F 3T FET T JEWS 2idl &7 3Hgo Ho 9 & AT e & F-F:
THIE B &7

Why is it necessary to cool IC engines? What are the disadvantages of
overcooling an IC engine?

SLPM-B-MCH/11 14
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8. (¢) Fefifea stH T wha-woia o Gded wefiaem woreh & wafta ¥ -

wefia® 4 = R134a

oS a9HE = 35 °C

I A9EE = — 10 °C

dtes (FHE) TR T = 2800 r.p.m.
g (fRta) s = 0-03

yafda (@<) I™e = 2694 cmS
foer g = 112

gdted Y RS qqar (FTH RS UHRH) = 75%
o § WHMG 59 61 ASiaen (FSUC FEHieT | HeW) = 5 °C

P-h 3@ s o Prfafad #t Ruifa Fitd
(i) 953  gwar, TR &

(i) EwEH Wih, kW &

(iii) "o 3o o

(iv) G I uaried I (Fe oA 7 W)

(v) T Frem qaa
R134a % g aifees § & ™ & -
T P Higw a7 F gt Tt
(°C) | (bar) fafire s (kJ/kg) (kJ/kg-K)
Vg (m3/kg) - hs hy Sf Sq
-10 | 2014 0-0994 1867 39244 | 09512 | 1733
35 | 8870 e 249-1 4176 11680 | 1715

oM o fF 8:87 bar W Wa awl ay fii fafire S waw: 1458 kJ/kg-K
a0 1-1 kJ/kg-K | dfies # yaw & w09 wefias 50 (i) =6 ogn o@wn ¥

B B
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The following data refers to a single-stage vapour compression refrigeration
system :

Refrigerant = R134a
Condenser temperature = 35 °C
Evaporator temperature = - 10 °C
Compressor motor speed = 2800 r.p.m.
Clearance ratio = 0-03
Swept volume = 2694 cm?
Expansion index = 1-12
Compression isentropic efficiency = 75%
Condensate subcooling in condenser = 5 °C
Draw P-h diagram and determine the following :
(i) The capacity of the plant in TR
(i) The power required in kW
(i) The COP
(iv) The heat rejection to condenser

(v) The second law efficiency

The properties of R134a are given in the table :

T P Specific volume of Enthalpy Entropy
(°C) (bar) saturated vapour (kJ/kg) (kJ /kg-K)
vy (m°/kg) hy hg o Sg
-10 | 2:014 0-:0994 1867 3924 09512 1733
35 8:870 — 2491 4176 11680 1-715

Assume specific heat of liquid and vapour at 887 bar as 1458 kJ/kg-K and
1-1 kJ/kg-K, respectively. The refrigerant at entry to compressor is in dry
saturated state. 20

(b) (i) 3o Hio oI H WY FEH! $ He@qY 0 BH-HH A B 87 I Hew I T4 AR |

What are the important properties of lubricants used in IC engines?
Discuss their significance. ' 10

(ii) o 3MZo F9HI H UL THRM (3MZo Lo o) Wl JR H 3NA-IET TR TR
(Sto 3130) TET FG A go A F-FN @ IR Tl A F7

What are the advantages and disadvantages of the Indirect Injection (IDI)
swirl chamber over the open-type Direct Injection (DI) combustion
chamber in CI engines? 10

SLPM-B-MCH/11 16



(c) Th ANER-SER 8 (Fasie-sasie Aiv@) F o, S fF 10 bar 7@ 3 o5 wgw
IR hl WY I AYHSHE I@ 1 bar % fia wwar 8, wifosw 2@ au1 ufa 39618 gomw
TR /& forld e (de) fea H e AR ge T B wEaw 3 T R qon fr
A 2

wo-gat Afwst F o of/@ § & 1§ s afermiedl w1 @ AR
AT forear i (ga=iles ety s24) 1 9M 1-135 R s g@ar 3

Calculate the critical pressure and throat area per unit mass flow rate of a
convergent-divergent nozzle, expanding steam from 10 bar and dry saturated,
down to atmospheric pressure of 1 bar. Assume that the inlet velocity is
negligible and that the expansion is isentropic.

Use Steam tables given at the end to get the steam data.

The value of isentropic expansion index may be taken as 1:135. 10

* %k ok
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For Question No. 1(b) :

Normal Shocks in Perfect Gases

(y=14)
M, M, Py / Px T, /Ty Poy / Pox Poy / Px
1-00 1-000 1-000 1-000 1-000 1-893
1-05 0-953 1-119 1-033 0-999 2-008
1-10 0-912 1-245 1-065 0-999 2-133
1-12 0-896 1-297 1-077 0-998 2-185
1-14 0-882 1-349 1-090 0-997 2239
1-16 0-868 1-403 1-103 0996 2294
1-18 0-855 1-458 1-115 0-995 2-350
1-20 0-842 1-513 1-128 0-993 2407
1-22 0-829 1-569 1:140 0-991 2466
1-24 0-818 1-627 1-153 0-988 2526
1-26 0-807 1-686 1-166 0-985 2-587
1-28 0-796 1-745 1-178 0-983 2650
1-30 0-786 1-805 1-191 0979 2714
1-32 0776 1-866 1-203 0976 2778
1-34 0-766 1-928 1216 0972 2-844
1-36 0-757 1-991 1-229 0967 2911
1-38 0-748 2-055 1-242 0-963 2979
1-40 0-739 2:120 1-255 0-958 3-049
1-42 0-731 2:186 1-267 0-953 3119
1-44 0-723 2-253 1-281 0947 3-192
1-46 0716 2:320 1:294 0942 3264
1-48 0-708 2-389 1-307 0-936 3-338
1-50 0-701 2-458 1-320 0-929 3413
1-52 0-694 2-529 1-333 0923 3-489
1-54 0-687 2-600 1-347 0916 3567
1-56 0-681 2-672 1-361 0-907 3645
1-58 0-675 2746 1-374 0-903 3725
1-60 0-668 2-820 1-388 0-895 3-805
1-70 0641 3205 1-458 0-856 4224
175 0-628 3-406 1-495 0-834 4-443
1-80 0616 3613 1-532 0-813 4669
1-85 0-605 3-826 1-569 0790 4902
1-90 0-595 4-045 1-608 0767 5142
2-00 0-577 4-500 1-687 0-721 5641
2:50 0-513 7-125 2-137 0499 8526
3-00 0-475 10-333 2-679 0-328 12-061
3-50 0-451 14-125 3315 0213 16-242
4-00 0-435 18-500 4-047 0-138 21-068
4-50 0423 23-548 4-875 0-0917 26-539
5-00 0415 29-000 5-800 0-0617 32-654
SLPM-B-MCH/11 18




For Question Nos. 1(b) and 2(b) :

Isentropic Flow of Perfect Gases

(y=14)

M M* T/To P/ po Al A* ® B> Ap | A*pg
0-00 0-000 1-000 1-000 ps p pos
0-05 0-0548 0999 0-998 11-592 9-158 11-571
010 0-1094 0998 0-993 5-822 4-624 5781
015 0-1640 0996 0-984 3910 3-132 3-849
020 0218 0992 0973 2:964 2:400 2-882
025 0272 0-987 0957 2-403 1-973 2:301
0-30 0-326 0982 0-939 2-035 1-698 1912
035 0-378 0976 0918 1-778 1-509 1-634
040 0-431 0-969 0-895 1-590 1-375 1-424
045 0483 0961 0-870 1-448 1276 1261
0-50 0-534 0-954 0-843 1-339 1-203 1-129
0-55 0-585 0943 0-814 1-255 1-147 1-022
060 0635 0933 0-784 1-188 1-105 0932
0-65 0684 0922 0-753 1-135 1-073 0-855
070 0732 0910 0721 1-094 1-049 0-789
075 0-779 0-898 0-688 1-062 1-031 0-731
0-80 0-825 0-886 0-656 1-038 1-018 0-681
0-85 0-870 0-874 0-623 1-020 1-009 0636
0-90 0914 0-860 0-591 1-009 1-004 0-596
095 0958 0-847 0-559 1-002 1-001 0-560
1-00 1-000 0-833 0-528 1-000 1-000 0-528
1-10 1-081 0-805 0-468 1-008 1-003 0472
1-20 1158 0776 0412 1-030 1-011 0-425
1-30 1231 0747 0-361 1-066 1-022 0-385
1-40 1-300 0718 0-314 1-115 1-034 0-350
1-50 1-364 0-689 0272 1-176 1-048 0-320
1-60 1-425 0-661 0-235 1-250 1-063 0294
170 1-482 0-634 0202 1-337 1-078 0271
1-80 1536 0-607 0-174 1-439 1-093 0250
1-90 1586 0-581 0-149 1-555 1-108 0232
2-00 1633 0-555 0-128 1-687 1-123 0215
225 1737 0-497 0-0865 2-096 1-156 0-181
250 1-826 0-444 0-0585 2-637 1-187 0-154
275 1900 0-398 0-0397 3-337 1213 0-133
3-00 1964 0-357 0-027 4234 1236 0115
3-50 2-064 0289 0-013 6789 1274 0-089
4-00 2-138 0238 0-00658 10719 1-303 0-0706
4-50 2-194 0-198 0-00346 16:562 1-325 0-057
5-00 2236 0-166 0-00189 25-000 1-341 0-047
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For Question No. 2(b) :

Flow of Perfect Gases with Friction

(Fanno Line, y = 1-4)

M p/p* clec=p*p T/T* po / Po F |F* 4fLuax / D
0-00 oo 0 1-200 =] oo oo
0-05 21903 0-0547 1-199 11-592 9-158 280-02
0-10 10-944 0-1094 1-197 5-822 4-624 66922
0-12 9-116 0-131 1-1965 4-864 3-875 45-408
0-14 7-809 0-153 1-195 4-182 3-343 32511
0-16 6-829 0-175 1-194 3673 2947 24-198
0-18 6-066 0-196 1-192 3278 2642 18-543
0-20 5455 0218 1-1905 2963 2400 14-533
025 4-355 0272 1-185 2-403 1973 8483
0-30 3619 0-3257 1-178 2-035 1-698 5299
0-35 3-092 0-379 1171 1-778 1-509 3453
0-40 2696 0431 1-163 1-590 1-375 2-308
0-45 2-386 0483 1153 1-448 1276 1-566
0-50 2-138 0-534 1-143 1-340 1203 1-069
0-52 2052 0-555 1-138 1-303 1-178 0917
0-54 1972 0-575 1-134 1-270 1-157 0-787
0-56 1-897 0-595 1-129 1-240 1138 0-673
0-58 1-828 0615 1-124 1-213 1-120 0-576
060 1763 0635 1-119 1-188 1-105 0491
0-65 1618 0-684 1-106 1-135 1-073 0:325
070 1-493 0-732 1-093 1-094 1-049 0-208
075 1-385 0779 1-078 1-062 1-031 0-127
0-80 1289 0-825 1-064 1-038 1:018 0-072
0-85 1205 0-870 1-048 1-020 1-0097 0-0363
090 1-129 0914 1-0327 1-009 1-:004 0-0145
095 1-061 0-958 1-0165 1-002 1-001 0-0033
1-00 1-000 1-000 1-000 1-000 1-000 0-000
1-20 0-804 1-158 0932 1-030 1-011 0-0336
1-50 0-606 1-365 0-827 1-176 1-048 0-136
1-60 0-557 1425 0-794 1-250 1-063 0172
170 0-513 1-483 0-760 1-338 1-078 0-208
1-80 0-474 1-536 0-728 1-439 1-0935 0-242
1-90 0439 1-586 0-697 1-555 1-108 0-274
200 0408 1-633 0-667 1-687 1-123 0-305
2-50 0292 1-826 0-533 2-637 1-187 0-432
3-00 0218 1964 0428 4-235 1237 0-522
3-50 0-1685 2064 0-348 6-789 1274 0-586
4-00 0-134 2-138 0286 10719 1-303 0-633
4-50 0-108 2-194 0237 16-562 1-325 0-667
5-:00 0-0894 2236 0-200 25-000 1-342 0-694
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For Question Nos. 6(b), 7(a) and 8(c)
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