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SLPM-B-MCH

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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W@UE—A |/ SECTION—A

1. (@ T o % &S, aw 7=mA 15 kg 3R Wi ae 260 K R, awEn @ Fe
WA % FR 1 bar @ R Mo ¥ F8 G99 TwE, TROMR T A@E© F a9HH=
203 K I W Fl ¥ 30 WA | Gaftd Ggidt Sered ) o Hifd ) 96 & fraed f
o (¥ €2) 334 kJ/kg ¥, o6 iy fi ffte semd (RfufEw de) s
2:07 kJ/kg-K @0 42 kJ/kg-K &1 7F «ifd 5 a§ 273-15 K W fued 21

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
273-15 K. 10

(b) W WHE-aw (A6 ¥9) F AgEErE (SRAEM) § sfenafe 3% @en My =0-5 a0
WM 7@ (R W) 2 bar # Fefafaa #t fuifa Fid -
(i) Fema (IF) F gyare § A% wEm M,
(ii) voTa ¥ wiowae (UEm) § WH T
@, 9 ® oy =1.4 9 R=0-287 kJ/kgK &I
s 3 R R TR YE (37) TR qu SRt AT dferR 1 ST R s we R

Downstream of a normal shock wave, the characteristic Mach number
M'y =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

(c) wroht ¥ w9 Twigd f Frafefea wee awr yam @ (A7 39) F forg R ofefda @ @
(Fga &/=ed B/fOR A F) :
Bfiw 7, Ofe a9IH, F @, H q9EE, W 9EE, i de, gl sk
W g
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) T o ffvea @99 W 50 cm AR 6 UF 99 R | aoeE ) B vEr gntm -
T(x) =90 - 80x +16x2 +32x3 —25x*

sl x Wit # @ qon A= fom # <uid o7gEn <an % 9/ yu @ W @ w6 7 Reh afckww d
#1 7k €ar 1 &%et 10 m? ¥ 3R den & S w1 FE I 76 @ w R, @ Frefiafa

mET Hifsd
(i) FaR # o FA 3 R A TR Frven T I A R
(@) R # T Fon Fei (€2 ) B N

(iti) x=07T9 x=0.-5m W 9 F TY qYHH IREdq H

)

50 cm

7

I l -
I T L4
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

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

77

50 cm

7

| 5

l
I I -
x=0 x=05m X

10
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(e) T 120 W fagq a0 % dg (framie) #1 awm 3005 °C R dg # Fen 4 §C

F=fafaa St e Hifvd -

(i) 99 AR 1 AW, I3 IH T=E 250 mm B

(ii) o=t i 2ga, gy Tt (fafsee Wewwm) % smur w, aft qraam fafor 6 qoreed

1 (J9eiY ) 0-4 pm & 0-75 um ¥ 9 B

eA-AleemH Fadi® (o) W 5:67 x10™8 W/m?2-K* wid| s (<% atd) fafsom
Fed (Heuem wawm) aroft F 3 M € .

AT (um-K) foon
1300 0004317
1400 0-:007791
2400 0-140266
2500 0:161366

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 um to 0-75 um. Assume
Stefan-Boltzmann constant (o) as 5-67x10™® W/m?-K*. The black body

radiation functions are given in the table :

AT(pm-K) st
1300 0-004317
1400 0-007791
2400 0-140266
2500 0-161366

2. (a) (i) @& idad (Fafiad) e o5 @ & @ e viied! a9 99 (@ ) # 9eom & R
o S R wfte =6 AR 7 W Q) WEE FN F TRV a1 § IR A9HA T, W Q,
ST 1 YR FAl B | A9 99 THA T, R @ fE ¥ 0, I A srawifia wear &
AR A Ty | Q Fo7 i Freewifea ot 81 9/l a9W T3, Ty, Ty W T, % Geof &

Q4 /0 * I F TR v o fawftm Ak

A reversible power cycle engine is used to drive a reversible heat pump.
The power cycle takes in Q; heat units at temperature T} and rejects heat
Q, at temperature T,. The heat pump abstracts heat Q, 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,, T,

and T,.
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(ii) ¥ ¥4 TF @ # 2 MPa, 1000 °C ¥ 350 kPa o %@ (Yeaafes) v @
YETRd Bl 81 AFH ht FHHE Ya® W 0-5 kg/s & q91 TaA 120 kW ) @ | 9fF
Iqa et B1 Frafafea = faita fifvd

(1) &g & Fpma w emia =1 aoam
(2) sfosaa (sfafifafed) =
(3) Teca fam g

st iR feufost Syl it s AR @ 7, =20 °C 3R Py =1 atm &)
T 1 o MR 40 kg/kmol 3R y =1.67 i@ (T, 3 P, www: o %
a9HA 3R TE §)

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) wdifEa ag (FFRE TR) 50 mm 3iaie =419 arelt U efe gReerRe § yafka 6 S
®1 I (Fee) W 3ena f fufal (RIvm ) Py =10 bar 3 T, =400 K %)
i S oo oiE £ =0.002 ) 3l A e i W 3 A e frfn w1 & S
?, @ fafafea =i fuife SR .

(i) WTE9 < TS

(i) T @ am

(iii) JETE (RAYH) q9HE #§ gfada
(iv) 3&0d <@ # qiEda

(v) @Rt # aRed

(vi) T a8 &
A iR 6 ware warw (Yearafew) j1ag F @ y =1-4 a1 R =287 J/kg-K iR
gAY Yare aiferet ad e yare aifer oia # dom &, e 3uam fean s g@ar 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
(iii) 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

(c) 0-2mx0-2 m AHR H TF Yacll T9ad Tg1 H qPHSAA 1Y JaT8 & FHHIER @l 74T 2,
w1 3 40 m/s R1 9 T AYEH T, =20 °C R, 56 9 F T, =120 °C W R @l
T R A, 9E A I R et wawl w varfa A @ aun fd 9w (30 o) ¥ e R
9% 9H 0-075 N W &1 #1 9gt i <1 wadl & a1g 1 A S 3w & (€ ZEw @)
ER I

(WA Pam =0-995 kg/m?3, Vg =20-92x10°% m?/s, Pr,, =0-7,
RL| ang EL: |
kay =30%107° 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 0:075 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 =30x107° W/m-K) 10

SLPM-B-MCH/11 6



3. (@ 10 cm Frem ol & @ SeER B8 U TifERE gfafen @l (k=0-5 W/m-K) @
a0 g6 R, N A R JEaA § GWH ®9 F 24000 W/m3 # I W@ R I A
H ATHTHR T & A garfea foman o &, foraht smelt B= 20 cm @ qon adty Sresa
4 W/m-K B 918t ¥a8 & ®a g1 100 °C R firft g ® a1 wag 3k @@ & 9 wae
TN (F9TH HIYERME) 20 W/m2-K B 2H1 SerF! & =19 G dae (32054) & 999H,
el gag W agaE R R s 6 fify # srfteraw aowm 3@ AR

A long cylindrical rod of radius 10 cm consists of a nuclear reacting material
(k =0-5 W/m-K) generating 24000 W/m? 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/m?-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 IMEfiE IWEm & R Ay F gfifed FH ¥G & e TfieE (AEETE FHW)
fesme fbn s R1 s () W IwE (RAwE) h il Py =1-1 bar @
Tp, =295 K &1 a1 $eR % ¥ & fraft oft qd-opla (sfiaed) & form svaftn 9 @ wam =l 21
& 3 wel 9§ THE R SR W' 143 m/s F TR B A F fou 3R 2 F =m ww:
0-30 m 3R 0-15 m % 9 F FHWH Ya® T H WA HiA |

TR F FA AM 0-50 m | TR AW (39g2) Fax 1-04 o feerm Faex 0-9 B F+09m i
ooia 7y 200 =@ wfa Ahe B W A mEA=E swa (Fa I W nafa) 078 R
e F AR (Ru) w s (feaer) 1 143 m/s ®1 7 wifRd & ‘ga wifat =1 snen feear’
TR § B B FHW A TR F R maws 2@ e (Y WRRh) qu vfie Puita
$A | Ty @ Fer A iy W AR I B e wE AfREa ™) B off Fuifa
HA | e iR ferpr § Wfvw (RRF) aon Jewa (RIvA) @ R aowE § W T
qftad i g T-s @ fafifa Hifvd)

ag % fldl 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 P, =1-1bar and T, =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
104 and the slip factor is 09. 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
() & fiffa sigfe fufa = B 7y =10 mm aeft & 5eft 3wt (Sfm) war ¥ Rl A

AR TR NEEA
(=011 r?
u(r)=0- -
-5
2 4
T(r)=344-8+75__-18.87_
2 re
#, ol goreal e m/s 3R K %) 50 s1efi i w e (31 o) awm T, 1 wafa
R fuifa fikd )

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—£;]

o
38 ré
T()=344-8+75—-18-8 —
?"2 r4
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. (a) T I R S@ THFR F GOF (W) Th W1 fagq 999 (Em =R wiie) § 398 B s
®, el 9& 35000 kg/h H R R 50 °C W Y Gy WY # Feat Ha1 2| Haed 5@ (Ffem
qRX) FSW A 15 °C R ¥4 &A1 ¥ 3R 25 °C W 9O Feverar 21 Aerwedl (=@) F
AR @ 22:5 mm TN TEG AW 25 mm ¥ 5@ =@ F fwaT 2 m/s B R _
yaIfed €1 81 W9 wE (WM W1Ee) W I AR i (e ZEwR HERg) 5001 W/
m2-K %I

Frafafega it o Hifvd .
(i) S 6 Fg9A waE R (kg/s o)
(ii) S AR (€2 FER) Fag &7 (U, F AUR W)
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(i) S % YaTg ¥G NawEh s g

(iv) FEWR ¥ FfAH T (@ Um) h gewn, AR g3dF A 9" H T=E 25 m A A
B

M i & Fem @ Feen amen sfaas (F382) G0 @ R iR =@ fit far w1 gfdy
T0g R | STA-vfa Fe (e ) oiE F ol Nu = 0023 Re®® PrO* wgdey
1 39 HiRR | s A W F H 2374 kJ/kg AR 20 °C F ad dow d9HE T
s & o Frafafa €

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
%mﬂm%ﬁmaﬁ (z@) ¥ vare Pia: fowfa R aon @& €@ s (J9) F1 3@

T R)

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 225 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 Uy)
(iii) 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 = 0:023 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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() TF R M aTF TEF 9 TF W HH Hal ¢ q°1 U fagg SR A 20 MW fF wem
A | AfYFaw q9HA 1200 K a91 AW q99E 290 K }| =[Aq9 @ 95 kPa @l
Hftreham /@ 380 kPa R AR etemgw ok dfies (FR) Hi ga=iS s&@d HAw: 0-85
3R 0-8 &, @ @ FvRA—

(i) Gdie® & ufge 81 arell 9 f 5= @'
(i) wfte® & wfae ER Al 9y 6 AFGT 67 W
(iii) EfeH F T FA ¥ AEF @A FA (G F I

(iv) 5% N <&

IR w99 H 75% 2@l aen U geee (fema) sier @, @ =9 i g iR g
fsare & @ wRada dm?

ag % fld C, #i C, s 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;

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

(iii) 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 U 06 m N & FtalR wag A B ag &, N wag A gon d 20 K 3 ¢,
T Fae (F FEFE) TR T HAR0 R (€2 ZEw ) ¥ia 2| e Rl ¥ ) I e
R M 0-6 m F=t 3R 1 m N T FeaAltR Tag F T ST HqW R/ 1 I 1 & 5=
for ag wae A gan # 20 K it ™ A7 98 wfR 5 s (fRwm) gaosesn s
T} IR A9EE F 9 F @ auifadEa i (anEiiteieea wiedl) wowE gwE T@ R

Faee wen o W& den ¥ 9 F ey Nuy, =0-10 Ra®25 % w9 # fen mn 2
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5.

(@)

(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, 06 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{'?,

@uvs—B / SECTION—B

P-§ (I-%% V1) @ H FEEA A THo Ao adl o Ro 5 A AT (A7F)
o iR | =men FRR 5 Y FrE, I Wo Ao ! TR A I F e @ §,
ia # o R TSI § AUTHZ H F@El 2 B

With the help of P-8 (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”.

‘oA o (sdreEng @rg)’ A ufEn @ vl AR A PR-R wrE €, S anena s 9
TGId B7 9@ T LA &1 1 §9F F AR (WERE) | TN Y9 gSar 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?

Fagifos (vafwfwa) sl fi g § afowifes (qrisRea) e aiedl F 70 @ ik
Tl 87 Wy @ o v fagg W ¥ R afwife shw w1 owEn 5@ 5 e s
(T-s @) =153, s wa w1 (e @) greama (Géifen) &)

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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(d) HH& F=r 6l w w37 a9 W 9| WY (FR FieW) F A mm @6 (FR) F /R
= A M ee (TeE) B g S

h=353H[L—("‘a+l]i]

Ta Mg T;«

STEl m,, Sfd fehcitam S & foe Simgfd <t 1S g 1 s R @ 7, R T s TR
#i ag ik i M F I F awE

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

h=353p| L _[Matl)l
T, mg )T

where m,, is mass of air supplied per kg of fuel, and 7, and 7, are ambient air
and hot gas temperatures in Kelvin, respectively.

(e) R134a 1 THEMS M F1 87 R R134a W &1 UF AFa Tuitas 39 (fkie) 27
we Hif

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

6. (a) & wFa-Reie, R-B%, 32 1l an 5@ T §a I% (sys arfea)’ ® S s R,
Forent widien srgaa (FHRM WM™ 15 : 1 R) $5W Fmaeofid 9 # 1 bar @¥1 27 °C W
TR0 Wl 8| freiet % fi ifrpan aoME 1312 K ) -3 U 1:093 B| H W
X 200 mm T €% T=18 250 mm 2| T4 F 7 3000 r.p.m. B Frafeafa H
oET FIv

(i) < 6 38

(ii) 91 % Fid TS TEHE W Y& FE-Faem

(i) IR IeareA (TR HATILYR)

(iv) 3hEa g T@ (HiF sHfERa YwW)

(v) fer-Tm i = S 1§ Fon iR feR-ama yiFn ® S 7 S w1 sEuE

% F1 P-V ad T-s ARG T3 |
99 % o y=1.4, R=0-287 kJ/kg-K %I

SLPM-B-MCH/11 12
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(b)

(c)

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
(iii) 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.

w ey g (fomfe) W wfe 9% 38 R deifaa @@ @ % 9@ 30 bar 3R
350 °C W ZEEA # YW Fdl ® 991 0-1 bar W Fremifima et 21 08 e T W0
A (39 Frearet §iet) 9w el 8, St 5 bar W @ Ha1 &1 T F A g (i
ofsRrdE) $ o fRA | 30 bar 3R 350 °C W WM F e h=3115-3 kJ/kg 3R
s=6-7427 kJ/kg-K B

I FEETTT oeE! i N ¥ 3fd § yed W9 arferret F 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.

W9 FEENY Mided Joel @ S sWal 9 Yided @ agEed waal & ol W ddied
Hfaer yomeft it gern § Jea faswey F A ST 87

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?

20

20

10
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7. (a) T -l ZEE (RS Z@E) 50 bar 3R 350 °C W MY W a1 8| I=-36 =

(b)

(c)

(eE-YR V) A 1'5 bar W W Femifia aft ® qon 38 =1 & wfd 921 12000 kg w9 H
TEER a9 (N8 AfeT) & R feen s 1 99 W9 A 105 bar W 250 °C 7% H: ™
e s @ iR i fe-T@ @A (A1-I9R @A) @ B9 005 bar HEHe YW T
Torearfa 3 s R 2@ 6 A 9fth 3@ 3750 kW B SH-3@ W0 il ARERIIS
a1 0-84 & au1 fim-g@ =w &t g@= s s5ran 0-81 B Wfd €e Sfger N1 394 W9 &
i ToE iR

9 F 'QUTETﬁ :
50 bar, 350 °C : h =3068-4 kJ/kg, s=6-4492 kJ/kg-K
15 bar, 250 °C : h=2972-65 kJ/kg, s="7-8709 kJ/kg-K
F FEEATTE 0 IH FA G 3 A @ W W Al FowEm il

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 084 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
15 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) TR AIEE ¥ 1 A 87 FAgERed J e T aeE NI F@ are wh
I gt SR o 3R daw # wwened )

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

(i) N I TEE F Qe (RERRE) P H mdafida (wEaiE) sEn B s
|

Explain psychrometric process of adiabatic mixing of two air streams.

Ro Hio ToF1 H1 321 FET I AGWIF Bl 87 3Zo Hlo T9H & Ircafes Yo A F-a:0
THAH B §7

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

SLPM-B-MCH/11 14

20

10

10

10



8. (o FefifE ste & wHa-Soi T dfeT wefiaad Yol ¥ dafta §

yefia® %4 = R134a

oS q9HE = 35 °C

g A9HH = — 10 °C

gdtes (FHW) MR 1fd = 2800 r.p.m.
gia (fRmate) e = 003

yafda (W<) @@ = 2694 cm®
foer gEwE = 1-12

Hiieq 1 A s (FH RS i) = 75%
ToAE B wufia 5@ @ aufiaed (FSUe Fagfen F Fem) = 5 °C

P-h 3@ 52 aun frefafea w1 Fuia fi@
(i) &= $ gwan, TR A

(i) savas wie, kW &

(iii) o 3o o

(iv) G S ariea I (e fomm g FeW)

(v) T Frm 2am
R134a & T aiferem & R W & .
7 P dgw arq #1 gt
(°C) | (bar) fafire smaa (kJ/kg) (kJ/kg-K)
vy (m®/kg) hs hy sf Sg
-10 | 2014 0-0994 1867 3924 | 09512 | 1733
35 | 8870 — 249-1 4176 | 11680 | 1715

e il % 887 bar W W& awr amy H fafie Fwmd #www: 1458 kJ/kg-K
a0 1-1 kJ/kg-K 8| ufies # waw & wng wfias =0 (freite) w6 wgn e #

g 1

SLPM-B-MCH/11 15
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The following data refers to a single-stage vapour compression refrigeration

system :

Draw P-h diagram and determine the following :

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

3

Expansion index = 1-12

Compression isentropic efficiency = 75%

Condensate subcooling in condenser =

(i) The capacity of the plant in TR

(i) The power required in kW

(iii) The COP

(iv) The heat rejection to condenser

(v) The second law efficiency

The properties of R134a are given in the table :

y P Specific volume of Enthalpy Entropy
(?C) (bar) saturated vapour (kd/kg) (kJ /kg-K)
vy (m®/kg) hy hy sy Sg
-10 | 2:014 0-0994 1867 3924 09512 1'733
35 8:870 — 249-1 4176 1:1680 1-715

Assume specific heat of liquid and vapour at 8:87 bar as 1-458 kJ/kg-K and
11 kJ/kg-K, respectively. The refrigerant at entry to compressor is in dry
saturated state.

(b) (i) 3o Ho oI H FYH FEH! & WYY U1 BH-HH ¥ A &7 I Hew F 9= FRA)

What are the important properties of lubricants used in IC engines?

(ii) Hio 3MMZo I ¥ AYAH M (3o o 3MFo) Wl Ja F HNGA-2TRY TA& THRH
(fo 31g0) T&T Fq H gor ¥ F-F @ MR Al A &7

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

Discuss their significance.

chamber in CI engines?

SLPM-B-MCH/11
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(c) T IPER-mER g8 (Fadie-srasie Fwa) % @, M fF 10 bar @@ o b wgw
el H WY H TYHSAE T@ 1 bar 7% fawaia war B, wifew a@ q@ gy T 32EA
R ® F fl e (d92) dave B oE BRR) g wifa B wRw 3 g ¥ qon fear
HgA=ITE 2

To-gadt Afwsl F ol o & € 7w afeemedt = W@ iR
AR Toear gasis (Aga=iNes iy s29) &1 WM 1-135 R s g% 2

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

* % Kk
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For Question No. 1(b) :

Normal Shocks in Perfect Gases

(y=14)
M, M, Py / Px Ty /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 0999 2-008
1-10 0912 1-245 1-065 0-999 2-133
1-12 0-896 1297 1-077 0-998 2-185
114 0-882 1-349 1-090 0997 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 0993 2-407
1-22 0-829 1-569 1-140 0991 2-466
1-24 0-818 1-627 1-153 0988 2-526
1-26 0-807 1-686 1-166 0-985 2-587
1-28 0-796 1-745 1178 0-983 2-650
1-30 0-786 1-805 1-191 0979 2714
1-32 0-776 1-866 1203 0-976 2778
1-34 0-766 1-928 1-216 0972 2-844
1-36 0-757 1-991 1-229 0-967 2911
1-38 0-748 2-055 1-242 0963 2979
1-40 0-739 2-120 1-255 0-958 3:049
1-42 0731 2-186 1-267 0953 3119
1-44 0-723 2-253 1-281 0-947 3-192
1-46 0716 2-:320 1-294 0942 3264
1-48 0-708 2-:389 1-307 0936 3-338
1-50 0701 2-458 1-320 0929 3413
1-52 0-694 2:529 1-333 0923 3489
1-54 0-687 2-600 1-347 0916 3-567
1-56 0681 2672 1-361 0907 3:645
1-58 0-675 2:746 1-374 0-903 3725
1-60 0-668 2-820 1-388 0-895 3:805
1-70 0-641 3-205 1-458 0-856 4-224
1-75 0-628 3-406 1-495 0-834 4-443
1-80 0616 3613 1-532 0813 4-669
1-85 0-605 3-826 1-569 0-790 4902
190 0-595 4-045 1-608 0767 5:142
2-00 0-577 4-500 1-687 0-721 5641
2-50 0-513 7-125 2-137 0499 8:526
3-00 0-475 10-333 2:679 0-328 12-061
3-50 0451 14-125 3:315 0-213 16-242
4-00 0-435 18-500 4-047 0-138 21068
4-50 0-423 23-548 4-875 0-0917 26-539
5-00 0-415 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

(v =14)
M M* T/ T P/ po Al A F/F*  Ap/A*p
0-00 0-000 1-000 1-000 oo o0 oo
0-05 00548 0999 0-998 11:592 9-158 11-571
0-10 0-1094 0998 0-993 5-822 4-624 5781
0-15 0-1640 0-996 0-984 3910 3132 3-849
0-20 0218 0-992 0973 2964 2-400 2-882
025 0272 0987 0-957 2-403 1-973 2-301
0-30 0-326 0-982 0-939 2-035 1-698 1912
0-35 0-378 0976 0918 1-778 1-509 1-634
0-40 0-431 0969 0-895 1-590 1-375 1-424
0-45 0-483 0961 0-870 1-448 1276 1-261
0-50 0-534 0954 0-843 1-339 1-203 1-129
0-55 0-585 0943 0-814 1-255 1-147 1-022
0-60 0-635 0933 0-784 1-188 1-105 0-932
0-65 0-684 0922 0-753 1-135 1-073 0-855
070 0732 0910 0721 1-094 1-049 0-789
075 0779 0-898 0-688 1-062 1-031 0731
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 0-636
0-90 0914 0-860 0-591 1-009 1-004 0-596
0-95 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 1-158 0-776 0-412 1-030 1011 0-425
1-30 1-231 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 0-294
170 1-482 0-634 0-202 1-337 1-078 0271
1-80 1-536 0-607 0-174 1-439 1-:093 0-250
1-90 1-586 0-581 0-149 1-555 1-108 0-232
2-:00 1-633 0-555 0-128 1-687 1-123 0215
2:25 1737 0-497 0-0865 2-096 1-156 0-181
2:50 1-826 0-444 0-0585 2-:637 1-187 0-154
2-75 1900 0-398 0-0397 3-337 1-213 0-133
3-00 1964 0-357 0-027 4234 1-236 0-115
3-50 2-064 0-289 0013 6-789 1-274 0-089
4-00 2-138 0-238 0-00658 10-719 1-303 0-0706
4-50 2-194 0-198 000346 16-562 1-325 0-057
5-00 2236 0-166 0-00189 25-000 1-341 0047
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For Question No. 2(b) :

Flow of Perfect Gases with Friction

(Fanno Line, vy = 1-4)

M p/p* c/c=p*fp T/T* po/ Po F | F* 4fLinax / D
0-00 oo 0 1-200 o9 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 66-922
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 6066 0-196 1-192 3278 2642 18-:543
0-20 5455 0-218 1-1905 2-963 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 3092 0-379 1-171 1-778 1-509 3453
0-40 2696 0431 1-163 1-590 1-375 2-308
045 2-386 0-483 1-153 1-448 1-276 1-566
0-50 2-138 0-534 1-143 1-340 1-203 1-069
0-52 2-052 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 1-138 0-673
0-58 1-828 0615 1-124 1-213 1-120 0-576
060 1763 0635 1-119 1-188 1-105 0-491
0-65 1618 0-684 1-106 1-135 1-073 0-325
070 1-493 0732 1-093 1-094 1-049 0-208
075 1-385 0779 1-078 1-062 1-:031 0-127
0-80 1-289 0-825 1-064 1-038 1-:018 0-072
0-85 1205 0-870 1-048 1-020 1-0097 0-0363
0-90 1-129 0914 1-0327 1-009 1-004 00145
0-95 1-061 0-958 1-0165 1-002 1-001 00033
1-00 1-000 1-000 1-000 1-000 1-000 0-000
1-20 0-804 1-158 0932 1-030 14011 0-0336
1-50 0-606 1-365 0-827 1-176 1048 0-136
1-60 0-557 1425 0-794 1-250 1-063 0172
170 0-513 1-483 0760 1-338 1-078 0-208
1-80 0-474 1-536 0-728 1-439 1-0935 0242
190 0-439 1-586 0697 1-555 1-108 0274
2-00 0-408 1-633 0-667 1-687 1-123 0-305
2-50 0-292 1-826 0-533 2:637 1-187 0-432
300 0218 1-964 0-428 4-235 1237 0-522
3-50 0-1685 2-064 0-348 6-789 1274 0-586
4-00 0-134 2-138 0-286 10719 1-303 0-633
4-50 0-108 2-194 0237 16-562 1-325 0-667
500 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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