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MECHANICAL ENGINEERING (PAPER-II)
Maximum Marks : 250

Time Allowed : Three Hours
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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@ue—A / SECTION—A

1. (a) & T% w1 gwe, Faw 7= 1-5 kg 3 TR A 260 K R, SEERT A S
Wﬁiamé;m1barmmﬁqam%|§smmqﬁvmﬁaamm%m
293 xaﬁmmtnmwﬁmﬁﬁiﬁaiﬂmﬁmﬁﬁ%lﬂ%ﬁmaﬁ@
o (e de) 334 w/kgt,ﬂsmqmiﬁﬁﬂmwrQ(@ﬁm@Z)m:
2-07 kJ/kg-K 71 42 kJ/kg-K %) 7R R 5 @% 27315 K W Rued &)

1:5 kg at an initial temperature of 260 K melts at
It of heat transfer from the environment. After
ttains the temperature of environment, 293 K.
ociated with this process. The latent

the specific heat of ice and water
ly. Assume that ice melts at

A lump of ice with a mass of
the pressure of 1 bar as a resu
some time, the resulting water a

Calculate the entropy production ass

heat of fusion of ice is 334 kJ/kg,

are 2:07 kJ/kg-K and 42 kJ/kg-K, respective
273'15 K.

AR OE-aa (WE ¥a) F AT (e3TEm) # sfrenafre &% @& My, =0-5 T
/wm(éﬁmm)zbar%lﬁmﬁ-ﬁaaﬁﬁqfﬂaﬁm:
(i) wET@ (3iTF) & arggare # & We M,
(i) ST ¥ wfovare (IREH) # WA q@
@, 99 ® 3R y=1.4 9 R=0-287 kJ/kgK gl
mﬁﬁﬁﬁmm(m)mwmaﬁ%mmmmﬁmmm%l

ck wave, the characteristic Mach number

Downstream of a normal sho
llowing :

M; —0.5 and the stagnation pressure is 2 bar. Determine the fo

(i) 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.

m%mﬁm%ﬁmmmmW(m%a)%mﬁmﬁaﬁﬁ

)
f (Fgd ¥/oed ¥/ @ ¥) :
mm,v}mm,waﬁ,ww,wm,ﬁmm,wm

WA e
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
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(d) Tt o Pfea 8 W 50 cm Merd 6 & 9 SR |/ agaE B B yeR i e
T(x) =90 - 80x +16x2 +32x3 -25x?

el x et §  qun R for # <ol SgER fER F 9’ gy A 7w o R w6 TR AR
21 TR far =1 &% 10 m? R 3 an # Fon T P I € DA @ 2, A PmfRaa B

A fiRE
(i) @R & 739 FA IR far @ TR P awlht Fon H R
(i) far F wuda Fen A (e TEA) f N

(i) x=0 T x=0-5m R T ¥ &Y AWH TR H &

7.

50 cm

7

| l S

| T [l
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 :

() 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

7

| ] S
I rd

1
x=0 x=05m X

10
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() TF 120 W fmq 7% ¥ g (Rremiz) # amae 3005 °C ¥ T F Fel 7w g

742. (a)

fafafe 6t o Sk
(i) 9g R F =4, IR IgH T 250 mm R

(i) T ) 7aren, qraT Rfo (ARee ) & SR ®, 9R geEeE B 6w
" (399w 1) 0.4 um ¥ 0-75 um & = R
WIS Fadis (o) B 5.67 x10°8 W/m2-K* A1 FRE (F 1) ffm
Fon (e Sawm) wnoft § RA M €

AT (um-K) Sooa
1300 0-:004317
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 (ii) 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 (6) as 5-67x10™® W/m?2-K*. The black body

radiation functions are given in the table :

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

(i) @M(Wa)mﬁ%ﬁmmﬁn@mmﬁq(azﬁq)ﬁaaﬁ%m
ﬁmmélmﬁsaﬁmnmgmmﬁmm%mmmm%
SHI 1 IREAM F@ | A T A T, W R o Y Q4 TS H HEWA Kl 8
o amm Ty ® Q, ¥ F) Fewfi e {1 W/ g, 1y, T w7, % g i

Q4 /0 % 7 ¥ R ww wivw sl HRA |
A reversible power cycle en
The power cycle takes in Q,

temperature T, and dischar
expression for the ratio

SLPM-B-MCH/11

gine is used to drive a reversible heat pump.
heat units at temperature T, and rejects heat

1 and rejects hea
Q2 at temperature T,. The heat pump abstracts heat Q4 from the sink at
ges heat Q, at temperature T;. Develop an
and T,. Q4 / Q, in terms of the four temperatures Ty, T, T3
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(i) miA e 7F @A * 2 MPa, 1000 °C & 350 kPa @& e (Yearafds) &9 &
THIRE Bt R | AW B F=HR TR W 05 kg/s ¥ a WA 120 kW ) @ A ulE
Iw FA ¥ Fefafan # Ruifa HRA -

(1) @A & P ® vl w1 auem
(2) e (sfafifafed) =
(3) Tt faem zara

e o R Sl el A e ARA I T, =20 °C 3R Py =1 atm =)
arta 1 Nf® WR 40 kg/kmol 3R y =1.67 &) (T, v P, Fm: =™ &
TR 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
P, =1 atm. Take molecular weight of argon as 40 kg/kmol and y =1-67.
(Tp and P, are the environment temperature and pressure, respectively) 10

(b) Wdifea 9 (FHFS WR) 50 mm i =8 el T s g § Yaried B S
3 sl (3@E) W owE H fefEl (RITR FwH) Py =10 bar 3R T, =400 K
v F wdu i F=0-002 ¥ AR i HEN i W 3 A wewR i w1 @ el

3, @ frafafaa #1 fuifa i -
(i) g9 N T

(i) Frim = am

(iii) JEE (RATA) A § giEdd
(iv) 3&E <& & REd

(v) ER & o

(vi) THIA AR X
T AR v waw (AREaRs) R 9g F TR y =1-4 a9 R =287 J/kg-K AR
AR YA dfer! am R AT i 36 Tem &, R swm R s aswa )
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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 To =400k
The average Fanning friction factor f=0-002. If the Mach number change
from 3 at the entry to 1 at the exit, determine the following :

() The length of the pipe

(i) The velocity at the exit

(i) 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) o-2mxo-2mwzﬁwqu@ﬁa@d@?ﬂwa@m%mwwﬁ,
fom1 3 40 m/s R 919 1 AER T, =20 °C 2, Wl @ B Ty =120 °C | %71 @
w%lam,qﬁiﬁmaﬂtﬁa?ﬁwﬁmwﬁmaﬁ%wﬁﬁaa(?mt#lﬁ)%um%
T A 0-075 N TW &l §1 92 A 3} waiet @ g A 3k o s (e Zaw 2)

w7
(R Pag =0-995 kg/m?3, Vag =20-92x1076 m2/s, Prey =0-7,
ka =30x107% W/m-K)

A thin flat plate, that is 0-2 mx0-2 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  pyr =0-995 kg/m®, v, =20.92x10"6 m?2/s, Pr,. =0.7,
— _3 -
Kair =30x107% W/m-K) 10
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P
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(b)

w0 g R, N AW R FA A TAH T A 24000 W/m3 F1 I W @ ¥ T B T
A ATAHR T F I qIRa e &, Rt wedt B 20 cm & @ At R
4 W/m-K ¥ a1ed a8 T T g} 100 °C | frd g€ ® 7 wae I @ F fr=w daw
TONh (FTE HIHERG) 20 W/m2-K ¥ 3 3ot & fi= g Tag (§20%4) F aod,
TR0 Tag W A IR AR srawn 6 fufy § aftren aome 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/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/m?2-K. Find the temperatures of the interface
between the two cylinders, at the outer surface and the maximum temperature
under steady-state condition.

w A TEm % R Ay B i w0 ¥ T R e (SR FE)
o B 9 ) ol (FER) W SEE (RiwW) R fRfeEl Py =1-1 bar @
To, =295 K ¥ a1g TR % 37 & freft oft qd-yoia (haed) ¥ form tgfim 9 @ vaw =l R
s 3 wopl 33 3§ TR § ol 7@ 143 m/s F TR ¥ T A fow R I F A -
030 m 3K 0:15 m ¥ 97 A TR FaR& K F T HA

TR F1 F@ =M 0-50 m ¥ TR Faw (Fge) P 1-04 aen f&79 Fex 049 ) FHR H
ol TR 200 AR TR A% ¥ T H hI 2@ (1 W W ufea) 0-78 ?I
e F R (R) W Bea (R 3 143 m/s ¥1 7@ WA % ‘g afv = s fer
e § A 2 TR H TR F R e W agam (e W) 7o e Ruika
A T § TR N R W AR A B e e (REE 3w) B A fita
%ﬁﬁﬁlmsﬂtmﬁ@ﬁ%@ﬁﬁ)mm(@ﬁm)a@sﬂtmﬁﬁm
TRad g ¢ T-s @ fffd HifA|

T & T 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 Ty, = 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 015 m, respectively. Calculate the mass flow
rate of air.

20




'E:; overall diameter of the impeller is 0-50 m. The power input factor is
and the slip factor is 09. The rotational speed of the compressor jg
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 ratj,
and the power required to drive the compressor. Also, determine the axig)
depth of the impeller channels at the periphery of the impe'"ef . Draw the T-g
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.
(0 T Rt sefin R W A r, =10 mm e @ TR § wa () S F R

AR AR RS
r2
u(r)=0'l 1—-—2-
T
0
r2 r4
ﬂr)=344-8+75-r?-18-8r-—4
4] 0

3. Rt Tl F99: m/s AR K 1 70 ey TR R Shea (0 o) AH T, F HEr
7m Faika $Fikd)

The velocity and temperature profiles for laminar flow in a tube of radius
7o =10 mm have the form at a particular axial location

2
u(r)=0-1(l—r—2J

o

r2 r4
Tr)=344-8+75—-18-8—
T2 r4
0 0

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

>
)

ﬂaaﬁzagmmém(é%m)wmﬁgqé&a(mwm)ﬁwﬂnﬁmm
&, ¥l 98 35000 kg/h A TR 50 °C T Y FgH W R Few N }1 W v (FH
) FW A 15 °C W 90 w1 ¥ AR 25 °C R AW A ) IRy (=@ &
mﬂm%mmzig mm;:?mﬁalm25 mm §) 9 =t & sheer 2 m/s B R A
e 9 ( ) T I 3 i (e g PrefRez) 5001 W/
frafafea € o HRy .
() 39 ! TR Faw W (kg/s )

(ﬁ)mm(ﬂzm)m%a(uo%mm

NN
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(i) SIF & VAR ¥G AEwEH ATt H wEmn

(iv) mﬁmm(asm)%ﬁm,uﬁmmmﬁmﬁ 2:5 m ¥ Aftr

R R wem @ P aren xfaas (F3%2) dgu 9@ R R =@ fi dar w1 yfdy
g | STA-vafig S FWW (Fe Ew) o & A Nu = 0-023 Re®® prO* wgdew
F 3@ HRA | w9 it W FI N 2374 kJ/ kg ARA1 20 °C F hua Tow a9HE R
v % oo frefefea @

Pr=6.98

p=998.9 kg/m?
Cp =4-180 kJ/kg-K
v=1.0006%x10"% m?/s
k; =0-59859 W/m-K

7% A SRR 5 ARl (=) § wr T ek @ o @ @ s (I9) 1 SswEm
e m 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/m3
C, =4-180 kJ/kg-K

p
v =1-0006x10"% m?/s

ks =0-59859 W/m-K

Assume fully developed flow through tubes and a single shell is used.

20



by % op Y 7avE A 33 7E T T oA L 7 vE T 2 B 20 MW T
A %) a9 A 1200 K 791 =58 A 290 K?[?’WWQS kP2 =
wAftrem 7 380 kPa 21 72 Zams Ay vhizz (zow) £ AREZE ZFT T a3

A 08 %, A I BfA—

() ¥ieE & v 83 2 I D P R 7

(i) whex & sfae 3 ah ag B 7R A" Z;

(i) ¥fex B wafen 3 i aEE ZavA A PevA B e,

(iv) =& £ 25

aﬁﬁaiﬁ%mmngﬁa(ﬁm)abaﬁ,a\%ﬁmmym
froaza @ 7 ofiada 27
ag ¥ i C, @ C, #m: 1005 kJ/kgK 01 0718 kJ/kg-K MR

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;

(@) the volume flow rate of air to the compressor; P
(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.

j 1 m'érﬂamo-a maﬁzﬂ@mmﬁf@nmi,a}mﬁmﬂm K343,
T e () F99H) 200 T s 3 (fiz 2R ) 9 31 U Rl 3 R e sian
M 06 m S v 1 m I & iR wag F @ I siww R FA ¢ 4
f&zarg;r:mﬁmﬁzo K 3fts ™ A7 78 A % Aifew (Rer) zr 3an sigor
Ty 3 A 1 9 F G A i (iR wied) ® 9 e T8 2

gﬂamsﬂzﬁ@%%ﬁawﬁaﬂﬁo.lomgﬁ%mﬁﬁm’m%l
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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, 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{®,

@us—B / SECTION—B

P-0 (FE-5% F) oTt@ H TEEN A Wo Ao TN o AFo FHI A JwEHR (Fieh)
ger HIR | =TE FIRA 6 Y FH, T Wo Mo T F ATHE H I § 78 Fd B,
JRaE § Ho TRo W1 A ATHE H TgH A T |

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”.

‘amrnawr(ﬁaﬁm)’ﬁmmmﬁﬁméﬁq—%mﬁ,@lmmﬁ
TeR ¥7 93 TC SNOA & I o % PG (WHHE) R H1ANE T 7

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?

m(wm)mﬁwﬂaﬁm%(w&sﬁm)mm*wmm
mﬁﬁ%?mﬁﬁ@mﬁméda%%ﬁmmwmm@mw
(T-s @) =rga, Fed e s (R =) Fem (@) @)

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
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(@ HAOx 3 R o R g0 0 M e @ (@ Few) § h mm T@ (3TR) F fey
R A ™ o () B g AR

h=353H[_1--("‘a+1)—1-J

Ta mg, )Ty

Tt m,, S Rt fom 3 Rig s ) g F s & A T, R Ty S A
$ a1y ol ™ A F FRw & awwe E

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

h=353H| L - ﬁt_ﬂ)_l_
T, m, Tg

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 T THEAG T F1 §7 T R134a THIE0 H Th FgEa Wias 79 (Wheie) 27
we ik

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

6. (a) Tha-Rieit, B-Biw, 39 7 a1en d9a 99 30 96 (ST ARfed)’ W R R R,
// forqem wfed igum (FHRA WA 15 : 1 R 399 IEETE 9 F 1 bar a1 27 °C R
Tev a1 81 Rieiet & i ftam amm 1312 K ) F2-3416 e 1093 j1 H W

@R 200 mm TN EF =15 250 mm 2| [ Hi T 3000 r.p.m. B FEfafas
A HifR

(i) =% $ 3ga

(i) a1 F JA TS TR R TE FE-Fiearea

(i) R I (TR AB2Ge)

(iv) @ IR T (9 ¥R Jww)

(v) @(-ﬁmmﬁ@ﬁmmﬁn-mm«mﬁﬁmwm

T B P-V A T-s ARG @3
g % @ y=1.4, R=0.287 kJ/kg-K %I

SLPM-B-MCH/11 12
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A single-cylinder, two- .

has a compression rat:)troofkf é l-‘nghﬁpeed diesel engine working on ‘dual cycle’

and 27 °C. The maximum te : 1. The engine takes in atmospheric air at 1 bar

- tio is 1:093. The engi mperature in the cylinder is 1312 K. The cutoff
: \ gine 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/kgK. 20

350 °C W <@g § yaw Fef ? 7 01 bar W s At 21 36l TH g R S
m(aﬁﬂrﬁsam’sﬁ'&)mﬁm%,ﬁls bar W FM H@1 21 T H AR @@ (e
ofRrad) < ToEn AR 30 bar 3R 350 °C W ¥ ¥ e h=3115-3 kJ/kg 3R

s=6.7427 kJ/kgK B

f @mﬂyﬁ(ﬂaﬁﬁa)mwﬁﬁaﬁwmﬁaﬁa@m%ﬁmso bar 3R

mmwmgmqﬁﬁmﬁ%gﬁaﬁmmamsﬁmwmn

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 S bar. Compute the thermal efficiency of )
the cycle. The steam properties at 30 bar and 350 °C are h =31 15-3 kJ/kg and

s=6-7427 kJ/kg-K. p
Use Steam tables given at the end to get other properties. 20

(c) Wmmﬂa@maﬁmﬁwﬁtmmw
%Mﬁwﬁmmﬁmm%?
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-con

ditioning plants? 10
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7. (@) T R-S0f T (3-29 ZEE) 50 bar 3l 350 °C T HIY N FI ¥ I T
(3,"5‘3"“@3)% 1-5 bar T ¥4 frewa At & am g = @ ¥fa w4 12000 kg WA H
‘% TEER a (e @fn) % R frren e 81 A v H 105 barmstfcaasgq:nﬁ
¥ S} ol R Ae-am A (@-dm ) @ f 005 bar Hed2 M &
fawfa frn st ¥ zamR v @ WRe SEA 3750 kwtlﬁ-mwﬁméaﬁ%
34 0-84 ¥ T Fr-am@ w1 Y SEAITH 3ea 0-81 &) yfy o sfaer g I o9
R H m AR
WY ¥ ‘{PNTf i
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
mmmmwﬁmﬁﬁﬁmmﬁmmﬁﬁm
A two-stage turbine receives steam at 50 bar and 350 °C. At 15 bar, th'e 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. 20

(b) (i) E TEEE A F A 37 FTAEREH § e Tl qIOHE H I A e
I geit SR iRk 3% waw § Wl |

What is meant by effective temperature? List and explain briefly the
factors which affect optimum effective temperature in air-conditioning. 10

(a)g;?m%mw(tﬁmﬁm)ﬁmﬁaﬂﬁmﬁm(m)w%meﬁm
|

Explain psychrometric process of adiabatic mixing of two air streams. 10

(c) Mo Hlo Tl 1 38 F HI e G ¥7 o HWo T F AF Tiaew ;-

THaF B &7
Why is it necessary to cool IC engines? What are the disadvantages of
overcooling an IC engine? 0
1
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8. (o) Prfifen st oF wwa-wlia T dder sfieed soTeh @ et #

THiaF 54 = R134a

9% AWHE = 35 °C

ANH AYHA = - 10 °C

Hitesh (FW) AKX 1A = 2800 r.p.m.
i (fRtE) iga = 0-03

‘wefia (Q|<) A = 2694 cm®
famm guF = 112

et B ARARF 2 (FAR SRR GHRGE) = 75%
Ao 3 Gafd 7 1 aeiae (332 qEglem ¥ hew) = 5 °C

P-h 3@ TR a1 Pefifea # Ruffa #
(i) a3 h g, TR &

(ii) :mammﬁs kW #

(iii) @o Mo dio
(iv)maﬁmﬁam(azﬁam{a‘%m)

(v) fadha fram e
R134a % Toned arfereet & R ™ @
T P HgH ary F ' gt gzt
(°C) | (bar) fafire s (kJ/kg) (kJ/kg-K)
vy (m®/kg) - hg hg sy Sg
4
-10 | 2014 0-0994 1867 3924 | 09512 | 1733
35 | 8870 — 249-1 4176 | 11680 | 1715
o=

TR wiR fF 8-87 mmwmﬁﬁﬁw:mﬁm:l%gmngﬁ‘
a0 11 kJ/kg- ’élﬁ‘ﬂz?ﬁm%mmﬁﬁm (freite) T wge e |

g Ry
2 —
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The following data refers to a single-stage vapour C

system :

Draw P-h diagram and determine the following :

(i) The capacity of the plant in TR

Refrigerant = R134a

Condenser temperature = 35 °C

Evaporator temperature = - 10 °C

Compressor motor speed = 2800 r.p.m.

Clearance ratio = 0-03

Swept volume = 269-4 cm

3

Expansion index = 1-12

Compression isentropic efficiency = 75%

Condensate subcooling in condenser = 5 °C

(i) The power required in kW

(ifi) The COP

(iv) The heat rejection to condenser

(v) The second law efficiency

The properties of R134a are given in the table :

ompression refrigeration

T P Specific volume of Enthalpy Entropy
(°C) (bar) saturated vapour (kJ/kg) (kJ/kg-K)
vy (m°/kg) h; hy sf Sy
-10 | 2014 0-:0994 1867 392:4 09512 1-733
35 | 8870 —_ 2491 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) AFo Ho FoET F TYH Vgeh! & AEEY 1 PH-HH A A &7 I WEw Hi = FRA|
What are the important properties of lubricants used in IC engines?

(ij) o G T & ATAH T (3o o 3MFo) W TR H 3
(Fro ARo) TE HW K ga F F-Fn ™ AR Tl A £

Wl?at are the advantages and disadvantages of tb&!ndirect Injection (ID])
swirl chamber over the open-type Digect Injection (DI) combustion

~

~
e I

Discuss their significance.

chamber in CI engines?

.

\
SLPM-B-MCH/11
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(c) T AER-3TER FS (FAe-SRae Fow) ¥ Red, N B 10 bar 7@ iR TF HE
FaredT il W9 I AGHSAE T 1 bar 7 Rreaia st 3, sife® I a1 Sfy g seqwH
R R F R e (W) &% A e FifR | 9g Tt £ w3 g @ qon far

TaINE R
yo-gatt atwst & ol o § f ¥ vy aifteet =1 wam AR

AT R gEhs (AR wwelive $29m) & 7 1-135 i 51w R

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 K
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