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MECHANICAL ENGINEERING
| Paper—II

[Timiz Allowed : Three Hours] {Maximum Marks : 3 00]

INSTRUCTIONS

Each guestion is printed both in Hindi and
in English.

Answers must be written in the medium
specified in the Admission Certificate issued
to you, which must be stated clearly on the
cover of the answer-book in the space
provided for the purpose. No marks will be
given for the answers written in a medium other
than that specified in the Admission Certificate.
Candidates should attempt Question nos. 1
and 5 which are compulsory, and any three
of the remaining questions selecting at least
one question from each Section.

The number of marks carried by each question
is indicated at the end of the question.

If any data is considered insufficient, assume
suitable value. Psychrometric chart is
attached with this question paper.
Wherever coordinate diagrams/graphs are 1o
be drawn, these are to be plotted only on the

answer book and not on separate graph
sheets.
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SECTION—A
Answer any THREE of the following :

@ @{) 05m’of gas at 10 kPa and 130°C expands
adiabatically to 1 kPa. It is then isothermally

compressed to its original volume.
C, = 1-005 kJ/kg-K and C,= 0718 kJ/kg-K.
Represent these processes on P-V diagram.

Find final temperature and pressure of gas.

(11) For compression work to be mintmum, what
should be process of compression ? Is it used

in practice ? 20

(b) (i) For normal shock wave derive the following
expression :

yHy-1) .
Pay _ 1+Y_1Mi] N EVEN
Px 2 Y+1 'Y+1

where x and y are the conditions before and

after the shock wave.

(11) Show Fanno line in adiabatic flow with
friction on h-s diagram and explain the

physical significance. 20
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C, = 1-005 kJ/kg-K T C,=0-718 ki/kg-K.
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(¢) A decorative plastic film on a copper sphere having

10 mm diameter is cured in an oven at 75°C. Upon
removal from the oven, the copper sphere is
subjected to an air stream at a pressure, temperature
and velocity of 1 bar, 23°C and 10 m/s respectively.
How long it will take for the sphere to cool down
to 35°C ? State the assumptions made and justify
the method of analysis used.

For copper, the density, specific heat and thermal
conductivity are, respectively, 8933 kg/m“”,
388 J/kg-K and 350 W/m-K. The following
correlation for forced convection may be used :

Nu, =2+ .[0-4 Rey? +0-06 Reﬁ’—“*] pr?

For air, kinematic viscosity, thermal conductivity
and Prandtl number at the mean film temperature
under consideration are 15-53 x 10~° rnzfs,
0-025 W/m-K and 0-708 respectively. 20

(d} (1) Derive the following expressions for lift (C)
and drag (C,) coefficients for flow with
friction through a compressor (axial flow type)
cascades :

S
C, = 2E (tan o, — tan a, ) cos e 3 ~CDtanam

4 (Conid.)
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() 10 mm <™ & TH A0 Tt 97 Faaet wrftes
fheq 1 st WE s ¥ 75°C IR GehWT TR
Bl ar ¥ Frehier ® W1g afer Mol WX OF g
grq yariga it 72 8 Brger @9, 919 '@ 3 s
1 bar, 23°C @21 10 m/s 8 | 3 T H1 35°C O
3T 813 ® forgen @Hw & ? @ 1€ gaeyTiE
H IAEE qoT TgFE fHwasa (i @ adfen @
Ty |
araT & e gace, fafdte e qwnr 3o =iy
FHE: 8, 8933 kg/m>, 388 J/kg-K @7 350 W/m-K |

ymiifed dagw & Hefafea gsdsg =1 vam BT
ST 9Fdal B

Nug =2+ [0-4Rel? +0-06 Re2?| pro
ag, # faw, ww wRE wwEm, FwmoaiRe
15:53 x 107® m?s, 0-025 W/m-K T 0-708 |

20
@ (O TF qNRA (el yate g&q) A9t F guio

gFT gaE & forg Ienas (C) w Rt ()
% Prefofea s F1 gor $ifvng -

S |
C. =2E—(tan a, —tana,)cos o, — C,tano




(a)

where S, C, o, Oy, O and £ denote pitch,
chord, inlet flow angle, outlet flow.angle,
average flow angle and total pressure loss

coefficient.

(ii) Show the wvariation of C, and C, with

incidence and discuss physical significance.
20

A Carnot engine operates between source
temperature of 500 K and sink temperature of
300 K. It produces work utilising the heat of
10 kJ from the source at 500 K. The work produced
by this engine is utilised by a Carnot refrigerator
operating between refrigerator temperature of
200 K and sink temperature of 300 K.

Represent schematically these engine and

refrigerator operations.
Find out :
(i) Work produced by the Carnot engine.

(ii) Refrigerating effect produced at 200 K by the
Carnot refrigerator.

6 (Contd.)
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2.

GfEﬁ'S,C,al,az,amsﬁ'{ & I AT, SiaT,
HIOT, AU AT T B [ONF ) UFT FLQ
g

(i) C_ 3T C & vy ¥ fraer Remsd aa
g Hifds At 1 =T A 20

() T &t ZHT S00 K @ & a9 an 300 K #

AR AT " g FE B wE ww A

500 K 9T 10 kJ =1 FT T $& g4 @ Ioa=—

HIAT 81 3 ¥99 g1 Iou-q w1 +7 UF H1E]

iy 1 v F X oy for W & S

wefifr @ 200 K T AIR0R 919 300 K & qen

wf ey 2 '

T 9T Ul I B TREN © A SO I |

A g

(i) HT AT T I B

(Gi) 200 K X &A1 geifad g Ic=3 yefla=
THF | |
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(b)

(c)

(ii1) Total heat rejected to the sink at 300 K.

(iv) By how much the refrigerator temperature be
increased to get double the refrigerating effect

as per (i1) above ?

(v) Total heat rejected to the sink at 300 K when

the refrigerator operates as per the temperature
for (iv) above. 20

The velocity distribution in the fully developed flow

region of steady incompressible laminar flow

of a fluid in a horizontal pipe is given by
u

2
— =1 _(%] , where u and u__ are respectively

Un

the velocities of any radial distance, r, from the
axis and at the axis of the pipe and R is the radius.
Show that the kinetic energy correction factor, o

and momentum correction factor, B are respectively
equal to 2 and 1-33. 20

Air at the rate of 35 kg/s flows through a nozzle
in which a normal shock occurs in the diverging
section down-stream of the throat. The nozzle has
an areca of cross section equal to 40 cm? at the
section of shock. The pressure and velocity of fluid
just before the shock are 2-5 bar and 480 m/s
respectively. Find the Mach number, pressure and

(Contd.)




(iii) T F 300 K U FH1 afeus FOA1

(iv) gehifex & @ 51 fFaar sg1 ko 9@
g Fax (i) § vElilaT ysE [AT B8t
ST ¢

(v) FUAT (iv) & T a9 R I« gEiifes y=re-
HEAT B 99 300 K uX A 1 F7 gReasa
FOAT | 20

(@) T &R A9 ¥ snRaed swdisy i axw vaE
& quia: faefra gae &= 7 3w R 2
—u—=1—[f-—]2,ﬁﬁ uddr u_ wEE: I F Brea
U, R m

8 r I A, 91 AW D W 9T A0 & A R AW

1 adenrs & ( ¥F sl T e el wgfs e

o TUT FATN FYfE o B F W FATM: 2 T 133

g1 20

(@) 9 35 kg/sFN X A TH S A YA® FI W B
'wmmﬁm%mmafw
YOG I9- BT & | YO I q=o| W AT

FTT BT OAFT 40 cm? 2| Ug ¥ &F T8 g9 TI
T HHIT: 2-5 bar AT 480 m/s & | Ai@ (Mach) 3%
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3.

temperature after the shock.

Comment on the results.

Normal shock table -

M, M, P2/pr | L/ | p,/p, Poa / Py,
1-42 [ 07314 | 2:1858 | 12676 | 17243 | 09531
143 ] 07274 | 2:2190 | 112742 | 17416 | 0-9503

20

(2) The temperature of product of combustion in a
boiler decreases from 1100°C to 550°C while the
pressure remains constant at 0-1 MPa. Water at
0-8 MPa, 150°C is converted into steam at 0-8 MPa,
250°C with the surroundings is at 100 kPa and
25°C. Sketch the control volume depicting
the terminal and process conditions and show on
a T-s diagram the processes. Calculate the

following :

(1)

(i)

(iii)
(1v)
(v)

change in availability of water on unit mass
of water basis, '

combustion per kg of water,

10

second law efficiency, and

entropy generated per kg of water.

change in availability of product of

process irreversibility per unit mass of water,

(Contd.)




3.

T UG & T8 T T TIT TG Iy
Rwr 9T 3= faar smuea Sifse
FFT guT™ AT

M, M, P2/pr | TL/Ty | py/py | Poy /Py

1-42 | 07314 | 21858 | 112676 | 17243 | 09531
143 | 07274 | 22190 { 112742 | 1-7416 09503

20

() TF SHaT F gBF-IUE FT @9 1100°C & 550°C

TF 9 BT & 99 & T@ 0-1 MPa 9% Ryx =91
a1 21 0-8 MPa @971 150°C 9X 5 &t 0-8 MPa,
250°C «a ¥ qfRafda far mr 8, af®< 100 kPa
Tar 25°C 8\ iawa aur wehH IEed) U FrmEer
IMTAA FT A AT U7 GhHT 1 T-s 3@
ux feasy | et &t momr Sifsg

(i) 1 & THich FUATT MY 9 A H IIcTeerdn
¥ gfadT,

(i) @Bd Icumi FH Igoemar ¥ GRada 9 kg
S F o,

| (iii) <1 & 9 T geqarT & o vahn smfasseaar,

(iv) fedi Hom <war, aon
(v) 9 kg s & fm sfE= gl
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"Take average specific heat of product of combustion
as 1-09 kJ/kg-K. Specific enthalpy and specific
entropy of water at 0-8 MPa, 150°C are,
respectively, at 632-2 kJ/kg and 1-8418 ki’kg-K
and that of steam at Q-8 MPa, 250°C are
respectively at 2950 klJ/kg and 7-0389 k)/kg-K.
20
(b) A heat transfer equipment utilises 5 mm diameter,
10 cm long smooth circular cross-sectioned
conduits drilled horizontally in a plate
longitudinally on which a constant heat flux is
imposed uniformly. Air enters each conduit at 27°C
with a mean velocity of 3-0 m/s and leaves at 77°C.

If 20 conduits are arranged in the plate, calculate
the following :

(1) total rate of heat removed from the plate,
(1) exit conduit wall temperature, and

(i11) lecal heat transfer coefficient at the exit of
each conduit.

Sketch the variation in local heat transfer coefficient
along the length of conduit.

The following correlations are known for
convection heat transfer :

(1) Nu 4 4364, for fully developed laminar flow,

(2) Nud = 0-023 Reg's pr , for turbulent flow,
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TgT IR W INEd f:;i?rvc'aw 1-09 kl/kg-K
mET | w& 3 0-8 MPa, 150°C T¥ RfEnsT wwaed!
aen fafmse weift wHen 6322 kI/kg 3X
1-8418 ki/kg-K & @ 0-8 MPa, 250°C WX 919 &
e wHe 2950 ki/kg 30T 7-0389 kJ/kg-K 2 |
: 20

(F) TF FOAT A0 ITEH ¥ 5 mm I, 10 cm ¥ETS

% Frerpor Fggel 1 YEM W ™ T B A FSYT

wh e ¥ ed Rem # ARt it € B )

THEGHATH FOHT G AT B | Iodsh $gge § g

27°C ud 3N¥a I 3-0 m/s § WAW HIC! & qT

77°C u< Preadt 2 9t e { 20 F8ge o €,

as Fratafea o o s

() @e ¥ FTA I FSM T

(iiy Trfa Fgge & am, X

(iii) e wsye & Prfa ox wnfys s s

o7 |

FEgT N wars T TeAtrEm FOAT AL TOE B

faaes &1 =T 9150

Tag IS g e Aeafafes ggdasg @

g

(1) Nud=4-364,1vh;ﬁ$%amﬁum%%q,

(2) Nu,=0023 Re9® P Rgew yaw & R,
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Re, Pr
(z/d)

[Red PrJ)lO

(z/d)

is the axial location from the inlet along
the length of conduit. Properties of air at
52°C : C = 1006 Vkg-K, p = 1-1774 kg/m>,
v = 1822 x 107° m%s, K = 0028 W/m-K,
Pr=0-703. - 20

i3
(3) Nu, =1 '3[ ] , developing flow with

14 *

Z

(¢) A 0-5 m diameter disc heater is horizontally placed
and enclosed concentrically in a hemispherical
shaped surface. The surface of the enclosure having
an emissivity of 0-7 is maintained at 500 K. The
disc heater, having emissivity of 0-8 is maintained
at 1200 K. The diameter of the hemisphere is
2 m and the remaining base area enclosed is open
to surroundings at 300 K and may be considered
as black with reference to radiation exchange.
Sketch the schematic and thermal radiation
network. Using thermal network method, galculate
the heat exchange between heater and
hemispherical enclosure and that between heater
and surroundings. Neglect convection heat transfer.
Assume heater and hemispherical surface are
opaque, diffuse and gray. 20

14 (Contd.)
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Re, Pr
(z/d)

oo R [R(Zjdl;r}ﬂo 21

173
3) Nuz=1-3[ ] g T @ Y9E B

‘2z’ Hgge B e A Rem A wefiw safRuiy 2
52°C ¥ g, & TUEH : C = 1006 J/kg-K,
p=11774 kg!m3, v = 1822 x 107% m?s,
K = 0-:028 W/m-K, Pr = 0-703. 20

(@) TH 05 m U B AhdT q9F H TH FEMnd
g5 & ey @fow B9 ¥ EHRT @ T g T
(Gaeiloi) &1 et Scastaar 0-7 8, 500 K 9%
STT &1 TAT 8§ AfheRt arae St RTEs Iegsiedl
0-8 2, 1200 K 9T T&T W 21 M T AX
2m ¥ dul AN MUR T g T FEW A
300 K 9 & don sae f¥fder @frg =) gite |
HTAT ATAT A1 GhaT & | FTFT TAATaE T FHIY
fafFrTo Acad w1 RF g9 | I g &y
1 T HEd g qIUE Tl UM IS B WY
A T qun aREAw @ Ty e RAwg wa Sy
gag9 ST AL ST AN WIFFT | TE A ANMQ
f& oms a1 sidmea gso seed, faard qon
PGEGEE 20
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4.

(a) An open cycle gas turbine takes in air at 300 K

and | bar and develops a pressure ratio of.20. The
turbine inlet temperature is 1650 K. The polytropic
efficiency of compressor and turbine each is 90%.
The pressure loss in the combustor is 3% and the
alternator efficiency is 97%. Take Cp, = 1-005 kJ/
kg-K and Cpg = 1'128 kJ/kg-K for air and
gas respectively. The calorific value of fuel is
42 MJ/kg. Work out the following :

(1)  Sketch the system and show the process on

T-s diagram.
(i) The overall efficiency.
(1i1) The specific power output.
(1v) The fuel to air ratio.
(v) The specific fuel consumption.

(vi) Show in general the variation of gas turbine
thermal efficiency with compressor ratio for

various turbine inlet temperatures.

(vil) What is the reason that thermal efficiency of
gas turbine plant increases with decrease in

compressor inlet temperature ? 20
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4. () T faga u% e eTEmET 300 K @97 1 bar X 91
el @ e w19 A 20 Refa wwl 8 exarEa
T T @9 1650 K B8 | ¥0few awr eweT wae
H ATl Ia® & 90% & | 8% o T 81 3%
2 quT yommatdE 9 qerT 97% 2 Cp, = 1-005 KkJ/
kg-K 3 ¢, = 1-128 k)/kg-K w9 arg qan A4
% fog "y o1 w1 =iw @t 42 Mikg 8
fFefafaa =1 oo #aifg -

(1) o &1 fOx g9y 99 9E # Tos e g7
[ESIECE

(ii) 9HT TEE |

(iii) Rfre ol fBArfa )

(iv) 3o9-a1g =9 |

(v) ﬁﬁ“le%Fr @ﬁﬁl

(vi) TR & RE= siatg af & R 9 camzm
ST FEA o dNEH Fud & "y fameE
I ToN=Y |

(vii)ww%%ﬂﬁmﬁqw-ﬁm
Tgal ¥ gfg ¥y Fafn o F w4 3
FIOT BIAT B 7 20




(b) During a test on a two stroke engine on full load,
the following observations were recorded :

Speed = 350 rpm

Net brake load = 590 N

Mean effective pressure = 2-8 bar

Fuel oil consumption = 4:3 kg/h

Cooling water required = 500 kg/h

Rise in cooling water temperature = 25°C
Air used per kg of fuel = 33 kg

Room temperature = 25°C

Exhaust gas temperature = 400°C
Cylinder diameter = 220 mm

Stroke length = 280 mm

Effective brake diameter = 1 m

C.V. of fuel oil = 43900 kJ/kg

Proportion of hydrogen in fuel = 15%
Mean specific heat of exhaust gases = 1-0 kJ/kg-K
Specific heat of steam = 2-09 kJ/kg-K
Calculate the following :

(i} Indicated power

(i1) Brake power

(11i) Draw heat balance sheet on the basis of kJ/min.
20
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(@) T TIF 99 9C gul A9 (Load) T THET
s oy Preafafen gew abafea gu e

a1t = 350 rpm
AT §F T =590 N
ATET YHTET ©19 = 2-8 bar
fg9 dd @99 = 4-3 kg/h
Frgvas AT a8 =500 kg/h
aT S # dgfs = 25°C
gfa kg g7 & fow ygF Iy = 33 kg
F& A9 = 25°C
T99 {9 a9 = 400°C
faferst =9 = 220 mm
TErF &9 = 280 mm
gt 9% W = 1l m
g ao A DA = 43900 ki/kg
o ¥ BEEVH |EIE = 15%
Iga AET A stag RRRme ™ = 1.0 kikg-K
a9 3 falme ™ = 2-09 kl/kg=K
Freaffaa & o s
() HEa wisd
(1i) IF 9IS
(iii) kJ/min & YR 9T FAT o T 9734 |
20
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(¢) A cross flow heat exchanger consists of a bundle
of 32 straight 0-6 m long tubes in a rectangular
duct of cross sectional area of 0-6 m?. Hot water

at 150°C and a mean. velocity of 0-5 m/s enters
each tube having inner and outer diameters of
10-2 mm and 12-5 mm respectively. Atmospheric
air at 10°C enters the heat exchanger with a
volumetric flow rate of 1 m>/s. The mean
convective heat transfer coefficient on the outside
air flow is 400 W/m?-K. Assume tube side flow
is fully developed and negligibie thermal resistance
due to tube wall. Heat transfer is
only between air and water. Calculate exit
temperatures of water and air and the total heat
transfer rate. The following properties are
known :

For air : at 10°C, p = 1-2407 kg/m>, at 40°C,
p = 1:1181 kg/m>, Cp = 1007 J/kg-K.
For water : p = 922 kg/m>, Cp = 4297 J/kg-K,
K = 0-688 W/m-K, p = 188 x 107 N-s/m?2,
Pr = 1-18. Take cross flow correction factor as 0-8.
Heat transfer correlations :

(1} Nu 4= 4-364, for fully developed laminar tube
flow.

(2) Nu, = 0-023 ReJ® Pr®?, for turbulent flow

in tube.




() T IR @@ (Cross flow) 597 AR ¥ 06 m
A 32 FfEwrey w7 §e uF 0-6 m2 ATYET FIe
AABT B FRArEH ag ¥ @ 81 150°C ux
@ ST 0-5 m/s & N\T AT ¥ weaAS g o
g3 w8 Rraer siaRe ©F awr o s
102 mm 947 12:5 mm B | agasg arg 10°C
9T @S TEE X 1 mP/s & e Rfmfrs §
YT FEH B WY g yaw gx e was
FEI AL NFH 400 W/m-K & 1 a7 At afemm
qied yare Puia: Rsfea 8 @ e dar & s
SR GRS I B | FEAT AR Paer Ay qm
9 ® AT g 8 | wd gwr Ay & Prfw am
R THT FT JALT 7T N N0 W | PR
TTHﬁEﬂH% :

ary # R 10°C A9 WX, p = 1-2407 kg/m?, 40°C
™ 9Y, p = 1-1181 kg/m>, C_ = 1007 J/kg-K.
s F fow : p = 922 ke/m?, c = 4297 J/kg-K,
K = 0688 W/m-K, ;.1=188><106strn

Pr=1-18. yRga® dofa 7o 0-8 w17 ohiftma g

(1) Nu, = 4364, 3o RF=ia <9 e yas
& forg )

(2) Nu,=0-023 Rey® Pr?3, AR & Rgsy yae
& fora
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1 — eCali=e™)]

3) £= c , minimum fluid mixed
R

and the other unmixed in cross flow exchanger

_{ll_e"{ckl\'}l.i

c=1—¢e Cn}, minimum fluid

unmixed and the other mixed in cross
flow exchanger, where

g : effectiveness, CR : capacity ratio, N : Number
of Transfer Units.

Symbois have the usual meaning. 20

SECTION—B
Answer any THREE of the following : ’

(a) Two identical petrol engines having the following
specifications are used in vehicles :

Engine 1 : Swept volume = 3300 cc, Normally
aspirated, bmep = 9-3 bar, rpm = 4500,
Compression ratio = 8-2, Efficiency
ratio = 0-5, Mechanical efficiency =
0-9, Mass of the engine = 200 kg.

Engine 2 : Super charged, Swept volume = 3300 cc,
bmep = 12-0 bar, rpm = 4500,
Compression ratio = 5-5, Efficiency
ratio = 0-5, Mechanical efficiency =
0-92, Engine mass = 220 kg.
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S.

1 _ e{'—CR“—e_N]} -
3) e= - , Tgad S o qun
R

qu gtageare Foar fafyafrs & afafya

1
[1—eCrMy._

8=1_c'{ cn},qwaﬁrﬁam
T E Ifavae I R mts ¥ fatg
Gﬁa:?Wﬂ%ﬁ,CR:mﬁqﬁ,N:m
Tl &1 T |
wRAR B W o # 20

|qe &
Freafofag ® @ 58 A7 & 5o aRE -
() T THEEAT IR T N q@e ¥ gmnr fre sy
g, 31 Rfydy frafufea 2 -
T 1: wEita smmeE = 3300 cc, @TEnROT ELE:|
I, AR, = 9-3 bar, rpm = 4500,
ST I3 = 8-2, Qe I =
0-5, W% qetar = 0-9, T HT
@A = 200 kg.
g9 2 iR vaffa amgas = 3300 cc,
NTH/IR. =120 bar, rpm = 4500, 998
ATAR = 5-5, RETAT 3[Ua = 0-5, Fifas
GEAT = 0-92, 399 weOHA = 220 kg.
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If both the engines are supplied with just adequate

quantity of petrol for the test run, determine the

duration of test run so that the specific mass per

kW of brake power is same for both the engines.

Calorific value of petrol = 44000 kl/kg.

Assume both the engines operate on four stroke

cycle.

"Also compare two engines and suggest their

applications with reasoning. 20

(1)

With the help of a sketch discuss the working
principle of a high pressure Benson boiler with
advantages.

Discuss the purpose of drum used in boiler
and show internal details for mechanism of
separation of moisture in drum. 20

Derive the expression for optimum ratio for

blade velocity to steam velocity in the case

of Parson’s reaction steam turbine with the
sketch of blade shape of a stage and velocity
triangles.

Give a cylinder laycut of a 500 MW steam
turbine and explain the reasons of double flow
cylinders used. 20




&)

(#)

iR T S99 B ghYu-Fia e @it =5
H ugra gerE fFm omar 2, gherw iy s W
iy, Ed g kw I ol & g gaoaes
99T H §U9C 8|

AT &1 FPHT AT = 44000 kl/kg |

A Sifvie & S §99 9) we T 9 SR
A B |

ﬂﬁéﬁaﬁwsﬂaﬁﬁm}mwwmﬁ

g TS YA B gAY | 20

(i) == &t germar & S=9 T ¥799 SUa &
Fd fgrag F g 9 oo 99 amw
AT |

(i) SHeR A 2 (Drum) T T A T STaggewar
2 T WP Iiaive fagon = ey R
et H T =1 guw e S 2 20

(i) T gfafear 9w cwmEE & R =8 a7
TN AT AN F FTEAH LA B AT LT
-~ HR | T 9T P [T A R qur 3T By
& f= g9

(i) TH 500 MW 9 T & fgltist famag
S FATRY dur I9 HrEon # Fa=ar g
& sad st yae T Rosy F1 I =5
o wmaT 8 20




(d)

Comment on the following (Be brief) with the help
of schematic diagram, if required

(1)

(i1)

(iii)

(iv)

(v)

(1)

(ii)

(ii1)

In the reciprocating compressofrs used in
vapour compression system, the mass of
refrigerant discharged by the compressor
reduces as the pressure ratio is increased.

Thermostatic expansion valve is preferred
over automatic expansion valve as throttling
device.

COP of refrigeration system increases when
water cooled condenser is used in place of
air cooled condenser.

Vapour at suction to the hermetically sealed
compressor is always superheated vapour.

For low sensible heat factor applications, re-
heat is necessary. 20

Discuss the requirements of an injection
system of a diesel engine.

With the help of a sketch discuss the working

of common rail injection system.

Show the performance curves of a S.I. engine
on constant speed and constant load tests.
20
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(b) A saturated vapour compression refrigeration

system 1s extracting heat from a thermal reservoir
at —10°C and rejecting heat to another thermal
reservoir at 36°C. The saturation temperature of
evaporator is —20°C and that of condenser is 46°C.
The mass flow rate of refrigerant (R—134 a) is
0-1 kg/s. Assume environment temperature equal
to 36°C. Find :

(1) Refrigeratihg capacity in Tons

(11)
(111)
(iv)
(v) Second law efficiency of the cycle.
Compare with the help of T-s diagram, the vapour
compression cycle and Carnot refrigeration cycle
and show the deviation between the two cycles
by shaded areas.

Power input in kW
COP
COP of Carnot refrigeration cycle

Properties of refrigerant (Saturated)

Temp Saturation

Enthalpy (kJ/kg) Entropy (kJ/kg-K)

(°C)  Pressure Sat Sat Sat Sat
(MPa) liquid  vapour liquid vapour

h, hg S, S,
—20 0-13273 173-64  386-55 0-9002 1-7413
-10 0-20060 186-70 39266 0-9506 1-7334
36 0-91185 250-48 41765 1-1717 1-7124
46 1-1903 265-47 42192 12186 1-7089

28
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(¥) T qg< T €S 9T dF T —10°C H FHEY
qd FoAT sl wRar & S s w1 9w s
U FEHRR HT 36°C 9T FIAT 2 1 a1 T T
T —20°C &1 Fa 4T 7 46°C 3 | Tikd (R—134 a)
T TTATT YA T 0-1 kg/s €1 4R@9r &7 91w
36°C | s
ma%f%rq
(i) veld= &=ar Ton
(i) e ol kw
(iii) & s @

(iv) == 989 O &1 & 3 &

(v) =% w1 fgfiw Fow gear

T-s IRE & G el & a9 §h5T 9% aur FE7
ta = A7 g AT For Y w9 ¥ R
1 SEiFd &7 § Resy )

wﬁw%gumﬁ(ﬁgq)

T[T g™ T (kd/kg) TR (kakg:K)

CO wE Wgw Wy dgw wgw
(MPa) _ wq ELRE EEl E1L]
_ h, hg Se S,
—20 0-13273 173-64  386:55 09002 17413
—10 0-20060 18670  392-66 0-9506 1-7334
36 0-91185 250-48  417-65 1-1717  1-7124
46 1-1903 26547 42192 12186  1-7089

{Contd.)




Super heated

() @)

(11)

Pressure hg S,
(MPa) (kJ/kg) (kJ/kg-K)
1 42891 1-7413
1-2 436-12 1-7413

20

Derive the following expression for the

critical pressure ratio (r ) in a steam nozzle

where steam enters with initial velocity and
the flow is accompanied with friction :

[ z :ln'!{n'—l) l: C% }
I, =|— 1+ -
n'-+1 2nn’p,v,

where :

C, = initial steam velocity

p, = initial steam pressure

n = small stage expansion efficiency =mn,
n' = actual exponent of expansion

v, = initial steam specific volume.

Show the effect of variation of back pressure
on distribution of pressure and velocity all

along in a convergent-divergent nozzle. 20
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wefia® & qorad ()

F1IES h S

E B-
(MPa) (kJ/kg) (kJ/kg-K)
1 42891  1-7413

1-2 436-12 1-7413

20
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: mm%ﬁamaﬁrwmqaéwmw
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7.

(a)

(b)

In a steam power plant, the steam generator
generates steam at the rate of 120 t/h at a pressure
of 100 bar and temperature of 500°C. The calorific
value of fuel used by steam generator is 41 MJ/
kg with an overall efficiency of 85%. In order to
have efficient combustion, 17 kg of air per kg of
fuel is used for which a draught of 25 mm of water
gauge is required at the base of stack. The flue
gases leave the steam generator at 240°C. The
average temperature of gases in the stack may be

taken as 200°C and the atmospheric temperature
is 30°C. Work out the following :

(i) The height of stack required.
(ii) The diameter of stack at its base.

(iii) Draw the draught distribution considering
balanced draught system in a steam generator
and mention the advantages of balanced
draught.

Take the following steam properties for solution :

h = 3375 kd/kg, h. = 6322 ki/ke. ‘ 20

Draw a neat sketch of agua-ammonia vapour
absorption system. On this sketch :

(i) Indicate thermodynamic state points with (1)
at the inlet of pump.
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gaT WO @ gFY THAOT 85% B T WA I
1 & R 17 kg g 9fT kg 2o & foQ g
g 2 e B 29% # sy T 25 mm S
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(iii) T stE ¥ dafn yaw §F H Fhed1 FW
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T YE & @ H I R

g @ fre Preafofa o Teres! ®T R S
h = 3375 kl/kg, h_ = 6322 kl/ke. 20
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(11)

Show the direction of the following energy

transfers to various components ;
€, — €nergy transfer to absorber
€p — energy transfer to pump
€y — energy transfer to generator
“p — energy transfer to dephlegmator
Cc — energy transfer to condenser

€e — encrgy transfer to evaporator.

(iil) Mention for each of the energy transfers in

(iv)

(© @

(i1)

(ii) above whether it is in the form of work
or heat.

With heat sink temperature of 27°C, heat
Source temperature of 127°C and refrigeration
temperature of —13°C, find max COP of the
vapour absorption system and mention the
assumptions made. 20

With the help of a neat sketch show a steam/
gas combined cycle with two pressures heat
[ecovery steam generator (HRSG).

Show the processes of topping and bottoming
cycle on one T-s diagram and also. show
1-Q diagram for process in HRSG.

(iii) Discuss the advantages of combined cycles.

20
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8.

(a)

(b)

(c)

(1) Discuss the objectives of supercharging and
show the process on p-v diagram.

(i1) . Give sketches of two common type
of supercharging and turbocharging
configurations.

(iii)) Discuss parameters affecting engine heat
transfer. 20

(1) Give a practical feed heating arrangement of
a 660 MW steam power plant by showing
steam and feed flow paths. Mention its special
features.

(ii) In low pressure steam turbine, steam is wet.
With the heip of velocity diagrams show the
direction of flow of steam and water particles

. On moving blades and guide vanes so that the

causes of erosion of blades get established.
20

Hlustrate the following processes on psychrometric
chart with initial state of moijst air as dry bulb
temperature equal to 20°C and relative humidity
of 50% :

(i) Cooling and humidification -
(ii) Heating and humidification

(1ii) Humidification at constant dry bulb
temperature.

Mention one application each for above
humidification processes.
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3.

CONQ!

()

()

(i1)

(iii)

(1)

(ii)
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If the moist air leaves the system for the case (iii)
above, at 90% relative humidity, determine per unit
mass of dry air ;.

(1) 1ncrease in humidity ratio, AW
{(i1) increase in enthalpy, Ah
(iii) increase in dry bulb temperature, At

(iv) Determine Sensible Heat Factor (SHF) for this
process. - 20
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Note : English version of the Instructions is printed on the
front cover of this question paper.
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