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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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@ug—A / SECTION—A

1. (o) & o = gaa, Fmm 7 15 kg i Wi qH 260 K ¥, I 3 s
W%w1bummﬂmtlwwmmwm%m
203 Kaﬁmmtlwm%ﬁiﬁa@ﬁmaﬁmaﬂﬁarwﬂsﬁm&m
Fo (e €e) 334 M/kgt,ﬁahtqmaﬁﬁﬁwwﬂ(ﬁﬁﬁﬁaa)m:
2:07 kJ/kg-K a1 42 kJ/kg-K %) 7 PR fF o6 27315 K W fuad @

a mass of 1:5 kg at an initial temperature of 260 K melts at

bar as a result of heat transfer from the environment. After

sulting water attains the temperature of environment, 293 K.
Calculate the entropy production associated with this process. The latent
the specific heat of ice and water

heat of fusion of ice is 334 kJ/kg,
are 2:07 kJ/kg-K and 42 kJ/kg-K, respectively. Assume that ice melts at
10

27315 K.
‘/;» A OE-a0 (WE 99) F AR (maq@n)ﬁavﬁmﬁmﬂ%éwwfo-sw
. mm(ﬁmm)zbmﬁiﬁmﬁf@ﬁaﬁﬁaﬁﬁﬁﬁ:
() e (%) ¥ v A ¥ e M,
' ﬁ)m%m(m@qﬁwm
@, a1 & 3 y=1.4 70 R=0-287 kJ/kgK 2l
ﬁaﬁﬁ&ﬂ&wm(ﬁm)mwa@aﬁmmmﬁmmmﬁmmm%t

k wave, the characteristic Mach number
Determine the following :

A lump of ice with
the pressure of 1
some time, the re

Downstream of a normal shoc
My =0-5 and the stagnation pressure is 2 bar.

(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 beused. 10

m%mﬁaﬁs&ﬁ;ﬁqﬁﬁ@ﬁmwmm(m%a)%mﬁw&aﬁaﬁﬁ

gf) (@3 ¥/oed &/ w®a ) :
ﬁm-m,ﬂﬁmmﬁ,mw,wmﬁ,mm,wm,wm

A el
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
10

enthalpy
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(d) Tt o fiffea @1 W 50 cm AeE $ F 7 GaR W agnm ) i TR i e
T(x) =90 - 80x +16x2 +32x3 -25x*

wigt x Hiew & ¢ 7w A2 e % TR SgER dEn & 9 yn @ 5w o R @@ T Reh AR A
21 TR far =1 83%a 10 m? ¥ 3 Aaw § o0 w1 P I 7€ DA w@ R, D PFifaw B

o IR
(i) ar # AN F@ IR AR ¥ qR P Tt I R

(i) TR # voda Fon I (e TR B

(i) x=0 T x=0-5m W WA F WY AWM TR H T

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

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

//// >

I
x=05m X

10
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(e) T 120 W figy wv ¥ g (Rremite) &1 @@ 3005 °C ¥l T F Fel 7y gy

fz. (a)

Fafafaa 6 o Hike
(i) 99 IR + =W, Rk I@H = 250 mm R

(i) T ) 2a, FraA R (AR ) % R ®, 7R e B S am
1 (399iY 39) 0-4 pm & 0-75 um ¥ @9 R
Rir-aeeA fadi® (o) M 5-67 x1078 W/m2-K* Wi | FOH (<% 91) fifsw
%o (Rwwm awm) awoft # R M ¥

AT (um-K) Jooa
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/m2-K*. The black body

radiation functions are given in the table :

AT(um-K) fon
1300 0-:004317
1400 0-007791
2400 0-140266
2500 0161366

(i)@nﬁaﬁ(ﬂaﬁaa)mﬁﬁaﬁémmm%mmﬁq(‘aﬁq)aﬁwﬁ#ﬁﬂ
%mﬂm%mﬁswwnmgmmaﬁmw%@nmgm%
I 1 TREATT A &1 A9 A T, W R e A, N A srawiied @ &
MR AR T, W Q, ¥ 5! e we ) 9@ aww G, T, T, w T, % e d

Qs /Q % g % i v =iow R HRA |

A reversible power cycle engine
The power cycle takes in Q
Q, at temperature T,.
temperature T, and discharg
expression for the ratio

SLPM-B-MCH/11

is used to drive a reversible heat pump.
heat units at temperature T, and rejects heat
The heat pump abstracts heat Q4 from the sink at
es heat Q; at temperature T3. Develop an
iy Q4 /Qy in terms of the four temperatures T, T Ts

10

10



(i) ¥R fW wF w@m # 2 MPa, 1000 °C ¥ 350 kPa @ Q™ (Weamafes) w9 A
TEIE Bt R iR B ZF=HA FAR KW 05 kg/s ¥ 991 TEEA 120 kW H 16
Iw w R) Fafofean # fRuifa AR

(1) TER F Fem | AP F awEE
(2) i (safiffad) =
(3) T fam zaran

e of R S wwmEl i e HiIRvA @ T, =20 °C 3R Py =1 atm &)
arfa 1 N WR 40 kg/kmol 3R y =1.67 &) (T, R P, F7w: amm=w &
T 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) TR I (FHFS WR) 50 mm 3R = el U AEfeh Tguensa § waria @ S
3 sl (F9R) W oEE f el (R w€H) Py =10 bar 3R T, =400 K &I
sivga Sf oo T F=0-002 ¥1 AR I FEm i R 3 W wee i W 1 R S

3, @ Prafafea # Puifa $F9
(i) 9TEe H T

(i) i w am

(i) 3T (RHF) AE A IR
(iv) 3&E 7@ A qREa

(v) G & e

(vi) SHH WA R
T AR yar waw (Afeaefes) ¥ 9y F A y =1-4 a9 R =287 J/kg-K AR
AR YaTe difee a e TR et 3 § Hom €, R sy frn s e #)

»-
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Compressed air is transported in an industrial pipeline of 50 mm interng
diameter. The stagnation conditions at the inlet are Fo =10 bar and T, = 4¢ K
The average Fanning friction factor f=0-002. If the Mach number changeg
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

(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.zmxo-zmwﬁ@qﬂ?ﬁmqﬁaﬁaﬂﬁwmm%mwwt
@1 a1 40 m/s &1 91 F1 awE T, =20 °C &, Sl 9€l A T, =120 °C WA @
w%rw,q@fﬁmﬁaﬁzﬁaﬁﬁmﬁmwﬁaﬁlﬁ%wﬁﬁw(gnq?m)%wﬁ
TR AH 0-075 N T Bl 21 91 A I Fael @ 9y ) 3% oo i ) (&R guw )
1 {7
(MR puy =0-995 kg/m®,  vey =20.92x107 m?/s, Preg =07,

kwy =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  pgir =0-995 kg/m®, v, =20.92x10"6 m2/s, Pr,. =0.7,
Kair =30x107° W/m-K) 10
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3. (@) 10 cm frm awht T W= ITER T wF TR wRifen @t (k=0-5 W/m-K) &

P

(b)

T g R, AW R A A TR T A 24000 W/m3 F WA W W@ R T R T
I ATIHER FEA F HR aiea B mn R, Rreh) ared B 20 cm ¥ am anf =@
4 W/m-K R 960 9% UF WA W 100 °C W Rt gf @ 9w wag A wa F v daw
TN (FTER FBHERTE) 20 W/m2-K R 3 3t & = was wae (fz69) F quam,
el Fag W a3k fBR sEwn ft Rify # srfmem aomm 3/ B

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?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 ST F R A B adia 0 i W AT died (SR FEm)
R Be W 31 o (3R) W owE (WinM) 1 ffel Py =11 bar @
Tol=2951{%|a1gsﬁat%s%aﬁm:nrﬁ-@h (shae) % form sisfia 9 & waw =l R
wgfa 3 gegl 3 & |uE § ol 7w 143 m/s ¥ T ¥ 97 Fi fow 3l @ F =@ FHW:
030 m 3 0-15 m ¥ I N TR B R H WO HA)

TR 1 Pl AW 0-50 m ¥ TR PN () X 1:04 T FRAg Haw 09 B TR H
ool Ty 290 S TR ¥ ¥ TR N S 3@ (P M R ) 0-78 ?I
AW F RR (Ry) ® fi=a (Re=r) am 143 m/s ¥ 78 WA % ‘T ofEl & s R
e # B 21 W H TR ¥ R e T sgaa (e W) 7o wie Fuika
A T § TR D TR R R A R ey e QR Tu) R f Fuifa
W|mmﬁwﬁﬁﬁ$(éﬁm)wm(@ﬁm)mmam|ﬁhﬁaﬁ
Tiada # ewid g T-s s fffa wfE)

T ¥ A 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
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?:;: overall dian.leter of the impeller is 0-50 m. The power input factor is
and the slip factor is 0-9. The rotational speed of the compressor jg
290 revolutions/second. The isentropic efficiency of the compressor (based op
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 impt'?ller. 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 & Rt s R w B r, =10 mm e T T § la (@fe) 9w 5 o
AR aE NEE
r2]
u(r)=0-1[1——2
To
2 J"'4
T[r)=344-8+75-:?-18-8;14—
o 0
3, Rt ToRal FA9: m/s AR K §1 30 e Ry R 3hea (1 9eh) d9HH T, F HEl
wR fFaiRa A

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

2
ufr) =o-1[1-’_2J

To

T2 r4
W) =344-8+75_-18.8_
Tz r4
0 0

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

Tt
/ x&ﬁﬁmﬁw °cmmmtm§?fg“;mwm?maﬁa;@
m;mtlzi:;n;g:;?‘mﬁ @mil.ﬂa@_ﬂmiz fn/s'cﬁﬂ'f?lﬂ
gk A T (fle Zw Fefsfgg) 5001 W/
frafafea € mm HiRy .
() 39 ) T A" R (kg/s )

ﬁ;’)maﬁm(ﬂzzimst)m%i(uo%mm)
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(i) S F YR ¥ SIS Al H @

fiv) ;ﬁﬁ%w (= Tm)  HEm, R 7o A T R T 25 m A A
IR iR % Hem ¥ Paas 9 3faes (FS8e) dgu o R o =@ A far = wfdy
TG )| SA-ga S STV (€2 W) o % R Nu = 0023 Re®8 pr¥¢ gewEy
1 I KA | 9 T I F 2374 kJ/kg @1 20 °C F 3hwa I q9HE W
vt % 1o frefefea €

Pr=6-98

p=998.9 kg/m3

Cp =4-180 kJ/kg-K

v=1.0006x10"% m?/s

k; =0-59859 W/m-K
& 7 PR 5 ARl (=m) § R e Eka @ 9 @ R s (@) FsEm
o 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 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 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?
Cp =4-180 kJ/kg-K
v=1.0006x10"% m?/s

ky =0-59859 W/m-K

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

20
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by % op % 7avA wA A 7F T T TA L 7 vE T 2 T 20 MW T 5
2 %) AR AEE 1200 K 70 =5E 7FA 290 K 21 FTFF 78 95 kPa =n
Aftram 7/ 380 kPa 21 782 7ama A ofizz (z9w) £ AR 25 5 a3
& 08 % @ M Bf—

() oz & sfe 23 ah 7 B R " 7
(i) ofiex 4 9y 93 aeh ag © 2P ;7
(i) Thex B vafr 3 ¥ aavE ZavA = A B A,

(iv) =% £ zga
R W § 75% 25 A @ FAE () Sig 98, @ 5 A A 2 =H
fronza & # ofada 2m?
g ¥ fm c,  C, PM: 1005 kJ/kgK 79 0718 kJ/kgK =

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—

fi the mass flow rate of air to the compressor;

(i) the volume flow rate of air to the compressor; rse 8
{ﬁi}thcfracﬁonofmrbineworkoutputneededtodﬁvethecompressﬁr;
(iv) the cycle efficiency.
If a regenerator of 75% effectiveness is added to the plant, what would be the
changesintlwcyclccfﬁciexwyandnetworkoutput?

Assume C,, and C, for air_as 1-005 kJ/kg-K and 0-718 kJ/kg-K, respectively.

(e 1 m3A 706 m N & Feaion wag A Bw g F ‘
: , ag 4, 3 wag $i g 4 20 K 38 3,
(j Wm(ﬁﬁﬂﬁ)mmmm(ﬂzmh)m%mﬁf&%%mmm
R 06 m S+ ol 1 m 9 wF SR waz F W I9 3w R 5 FA FN 2
for arg wag 9 gem § 20 K sift mi 7 78 wi % Aifvo (Rem) zrr 3o siam
mimmmwtmmuvﬁ(ﬂﬁﬁmmﬂ)mﬁimﬁ%l

@amam’céﬁm%siflamziﬁqn_u,_=0-10Ra{’;25%5mﬁﬁmw%|
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(@)

(b)

(o)

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
Nuy =010 Ra}?,

@Wus—B / SECTION—B

P-6 (IE-HF ) ARG H FEAd A TWo MFo 7 o MFo oWl A Iwhre (Ai6) R
o i | e FRA B 3w, S o e THI § AWHE H UG § 7R A 8,
JRd § Wo 3o 91 H ATEHIE FI T W F |

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”.

‘a:nmmw(ﬁﬁlﬁﬂiﬂ)’aﬁmwaﬂqﬁﬁméaﬁq—ﬁmé,ﬁmmﬁ
agﬁ%?a%gqammwmém%ﬁwm(qwﬁa)wwumm%?

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?

mm(w&ﬁm)mﬁﬁwﬂm(mﬁw)mwﬁ%wmm
el ¥ W @ o v g WA ¥ R ol stie @ T @ g R
(T-s a@) o7, R e = (Rre *9) e (@difén) 2

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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(@ HAx 3 9 w R g0 a7 ae w9 (q Few) H h mm =9 (ER) F '
R A M = () | gEm A

ey

T m, )7y

el m,, S frcma 4 % Ry g A A1y g & A T, ST R S
A Ty ol & W aww &

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

+1)1
h=353H|~-| e ]-—
T mg )T
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 %1 TaERAG T 1 §7 TN R134a WG #1 G gEa Wias 59 (hite) &7
e iRk’ |

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

6. (a) THa-ReiR, B-T%, 39 1 aen 99 FF 50 9% (S i)’ | FE F R,
// Tore wfie U (FHFE RM@N) 15: 1 7| 399 G@@R0iE 9 F 1 bar @1 27 °C W
Tew Fal 31 Riiet & iR feram amm 1312 K ¥) F:2-3416 ogam 1093 Bl #

¥R 200 mm TN FF T@E 250 mm 2| T A 1A 3000 r.p.m. ¥ PefRe
A HiRR

(i) 9% < 3g@r

(i) a1 % IR T T Y FH-FwA

(i) Tftp I (TR A3TYe)

(iv) Sy T (i HRA )
Mﬁﬁf—mmqﬁh@ﬂﬁmﬁn@bwmmﬁﬁﬂimwm

9 F P-V AN T-s @ T1gd |
Y % @ y=14, R=0.287 1y kK ¥

SLPM-B-MCH/11 12
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A single-cylinder, two-str ;
1, siin eoTapression:ratio ;_kfé }.llgh-speed diesel engine working on ‘dual cycle’
ol 27 %G, e & : 1. The engine takes in atmospheric air at 1 bar
ratio is 1:093. The engine haesmp;mture i the ey eles L gt
. 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

350 °C Ut ZeETE § yau F B 7 01 bar T Frewa B ¥ g6 WA T DR &
W(mﬂtﬁmﬁa)mﬁm%,sﬁs bar T F@ H@1 ¥ T H AT @A (=¥
ofRreEt) H e HRE) 30 bar 3R 350 °C R WM ¥ IwH h=3115-3 kJ/kg 3R

s=6.7427 kJ/kgK 2

\/;,L @mﬂgqﬁsﬁ(mﬁa)mwrﬁﬁﬁwmw%ﬂﬁm%ﬁﬁmm bar 3R

mmﬁwﬁﬁmﬁﬁgﬁaﬁmmmﬁmmﬂﬁm

ower 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/keg-K. -

An ideal regenerative steam P

Use Steam tables given at the end to get other properties. 20
() mmmﬁa@mmﬁm@wﬁﬁ%mmt@m
mmﬁwﬁmwmﬁmmi?
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
13 [ P.T.O.
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7. (a) T f-wofm @ (-9 @) 50 bar 3 350 oC W W4 WH FI | IH-TH T
(Bﬁ“m@“)ﬁ 1-5 bar T 91 fepfi B & a @ =@ & ¥R w4 12000 kg W9 FI
% TEERY A9 (S ) % Rrd frsren smn 41 B w9 A 1°5 bar | 250 °C 7 §A: T

i ST & ol R AT AT (@13 ZEmE) @ #eR 005 bar Fede I TF
Treia e s ) <@ v @ wRe SEEA 3750 KW 3| FH-TE T H A
8|y oo afaer g I9A 99 H

2 0-84 { o Frm-ama = h AN qw 0-81
T H o DR
WM & 1o
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
mmmmmﬁmﬁﬁﬁmmﬁmmﬁﬁm
A two-stage turbine receives steam at 50 bar and 350 °C. At 1-5 bar, th'e high-
pressure stage exhausts and 12000 kg of steam per hour is taken at this stage

purposes. The remainder steam is reheated to 250 °C at

for process heating
turbine to a condensate

1'5 bar and then expanded through the low-pressure
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.

(b) () T A @ H A §7 AAgher § e W T H NI R ST e
A g T R % why A wEed)

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

(ﬁ)iﬁﬁ@%@ﬂ(@ﬁ%)ﬁmﬂmﬁm(ﬂ@ﬁ%)w%mﬁm
[

Explain psychrometric process of adiabatic mixing of two air streams.

(c) Mo Ho Tl I 3T FN T I Qe ¥7 3o Wo o F Jeafw aew A F-F
THEH B 87

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. (o) P st o& ww-woha T widfter wfieem woneh & Wt &

wHfia® z0 = R134a

HE% AWE = 35 °C

A9 AEA = - 10 °C

wdies (Fdw0) MR M = 2800 r.p.m.
TR (W) Ige@ = 003

yaffa (®=) sm@E = 2694 cm?
fm gmwi® = 112

Wit B AR s (A SRR CRERG) = 75%
o § WUl 34 W e (F3 gEgm ¢ $ew) = 5 °C

P-h W@ A Pl w Fuifa FIN
(i) ¥4 H gwa, TR 3

(ii) mwﬁs, kW #

(iii) "o Ao o
(iu)ﬁmﬁmﬁam(ﬂzmﬁaﬁm)

(v) fcfa fam zea
R134a % ol arferer # R 1 &
- : - qlg,..m
T P oW ard #1 gt
(°C) | (bar) fafire s (kJ/kg) (kJ/kg-K)
S
vy (m®/kg) he hy Sy ?
\(
-10 | 2014 0-0994 1867 | 39244 | 09512 | 1733
35 | 8870 — 249-1 4176 | 11680 | 1715
o

w @ o am H ffte sed e 14458 kJ/eK

B R

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

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

(ii) The power required in kW

(i} The COP

fiv) 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)
vg (m°/kg) hy hy Sf Sg
-10 | 2-014 0:0994 ‘1867 3924 09512 1733
35 | 8870 — 249-1 4176 1-1680 1715

Assume specific heat of liquid and vapour at 887 bar as 1-458 kJ/kg-K and
1-1 kJ/kg-K, respectively. The refrigerant at entry to compressor is in dry
saturated state.

() (i) e o ! F TIH Ve F HewqY o1 HH-9H A BN &7 I Aew Hi T9 A |

(ij) Ho Ao M # ANAH FaW (Ao Ao 3MFo) Tl Far N INYA-2FY TG oM
(Flo ARo) 76T F4 H ga ¥ F-F0 AN I wRA AR F

W}?at are the advantages and disadvantages of the Indirect Injection (ID])
swirl chamber over the open-type .

~

-~
e

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

Discuss their significance.

chamber in CI engines?

-

\
SLPM-B-MCH/11
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Dj;‘ect Injection (DI) combustion
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() T ARER-TTER FS (FAe-SRANe Fww) ¥ Red, N B 10 bar T R TF HW
afae] ht W9 H AGHSHE T 1 bar T fia wwan , Hifis @ qu W THE FEAH
yaE ® &% ol e () &wa A moEr Hive) gg T fF waw 3 g @ an fasw

azaiE )
yo-gath afest % o a3 @ T wim et @ W@ fiRR)

IRIRE AR gEeis (IRA=e wwaive %) F1 7F 1-135 fmn s @ 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.
10

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

* %k

SLPM-B-MCH/11 17 [P.T.O.



