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SKYC-B-MCHE

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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@us—A / SECTION—A

1. (a) 500 KRR % 50 kg ¥ Th G % Got araEw § wan s &, @ a9am 285 K 3

(b)

(c)

(d)

oliE We 3ida: AEEA F WY S T 9F Ui S 21 @R 5 R 045 kJ/kg-K
ﬁmﬁﬁmmwmﬁﬁ%%@aaﬁa@aﬂ%wﬁﬁmﬁqwm)wﬁmm
it g

A 50 kg block of iron at 500 K is placed into open atmosphere which is at a
temperature of 285 K. The iron block eventually reaches thermal equilibrium
with the atmosphere. Assuming an average specific heat of 0-45 kJ/kg-K for
iron, determine the (i) entropy change for the iron block and the atmosphere,
and (ii) irreversibility.

uise & o smeet e & g e ¥ R M, My =1.

Show that for normal shock in a perfect gas, M My =1.

Aefa waTe gl 8, 50% wfafe ¥, wow Afvwes # Fh-5f aulia wos e s 2
Sfua wfterlt ol shfeer 3 w1y quggy B @ o = @ s )

In the axial flow compressor, for 50% reaction, the blading design is sometimes
called symmetrical blading. Explain, with proper equations and justification,
why it is called so.

2700 °C R T freifirs w2 (Ffr) fafor scafifa #wdt 2| Frafafas 6 oen i
() A=1-2pum R Wzt I wih

(i) o, | R IcEs fe siftemas B &

(ifi) Tty Wagf Icael Witk

(iv) T Ioasq TIfth

H fa e <= faerr e w1 3w i

. 3
35 lexp(C, /AT) 1]

¥@l, C, =3-742x10% W-um*/m?2, ¢, =1-438x10* pm-K
0=5-67x10"8 W/m?2-K* =fifdm)
An industrial furnace (blackbody) is emitting radiation at 2700 °C. Calculate
the following :
(i) Spectral emissive power at A =1-2 um
(i) Wavelength at which the emissive power is maximum
(i) Maximum spectral emissive power

(iv) Total emissive power
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Use Planck’s distribution law equation given below :
C
Ep == :
2> [exp(Cy /AT)-1]

where C, =3-742x10% W-um*/m?, C, =1-438x10% pm-K.
Take 6 =5-67x10™8 W/m?-K*. 10

(e) (i) o fafmi frwdo & qme § teo we Ao o fift F fog 7w wfemond fafeg)

(i) Tfan 5 qm o fifmie e § fra Rl § w@e e do do fafy ok 5w
feufa & w0 Ao o fafty wy &l

(i) Write down the basic assumptions for LMTD method in case of heat
exchanger analysis. 5

(i) Write down in which case LMTD method and in which case NTU method
will be applicable in basic heat exchanger analysis. 5

2. (@ 0.-6m?2 ¥ ITRU-FE IFA 9@ Th 15 m 3= fafeFw § 20 kg F=HA F T
STt e % i W 25 °C W 3 m? @@ fifta #) feem F 99, 15 )C w3 m?®
a9y ArE g R, S B fam gl R Sl A S0 A agfd 9 TR R
I & fr fres om 3o ¥ ofv ur F 9 fER @ e whea B g AR (@) frea
IR Y wE PR % g fen e (kJ) W () R % A S A S
R (kJ). (i) A0 F ¢ wshm &1 P-v IR@ i)
apiE | (P,) # 101 kPa, 3 ¥ f ¢, #fR R 9w 0:312 kJ/kg-K 3R
02081 kJ/kg-K 7R &fifite| 25 °C R grft 1 fafie ame 0:001003 m? /kg ®1 fw
Eﬁﬁ?@ﬁﬁmw:

A 15 m high cylinder with a cross-sectional area of 0-6 m? contains 3 m> of
liquid water at 25 °C on the top of a thin insulated piston of mass 20 kg. Below
the piston, argon gas is at 15 °C with a volume of 3 ms, as shown in the figure.
Heat is supplied to argon such that the piston rises and pushes the water out
over the top edge. Find the (i) work done (kJ) to remove the whole water from
the top of the piston and (ii) heat transferred (kJ) to argon during the process.
(iii) Plot the process on P-v diagram for argon.
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Assume atmospheric pressure (P,)) as 101 .kPa, C, and R for argon as
0-312 kJ/kg-K and 0-2081 kJ/kg-K respectively. The specific volume of water
at 25 °C is 0-001003 m3/kg. Neglect piston thickness :

2% Water =231 |

(b) 100 kPa 3R 290 K W a1 ®fteq & 3 wwuit 3R yawwr F @ =il ¥ oy vs e e w%
B yaw el R 1 7 P smenl qrdios, G w1 siias F 3w e f 1 TeE o
% 7@ I 4 R T w4 SR S w04S § 300 kJ/kg I SR e ¥) gt
Y F AEH 20 °C § ¥ W@ ¥ T-s @ wiftw i y@ fRE () Fa Rew
Fo (kJ/kg), (i) & IaqTea w™ (kJ/kg) a1 (i) P 6 ardia zsman) wht et aik
AT % forg wuuTdt wyeem 7E ehfdng

Y F Y C,, = 1005 kJ/kg-K a1y =1- 4 i)

Air at 100 kPa and 290 K enters a gas turbine cycle with two stages of
compression and two stages of expansion. This system uses ideal regenerator,
reheater and intercooler. The pressure ratio across each stage is 4.
300 kJ/kg of heat is added in combustion chamber and reheater each. The
regenerator increases the air temperature by 20 °C. Draw T-s plot and
determine the (i) total heat rejected (kJ/kg), (i) net work output (kJ/kg) and
(ifi) thermal efficiency of the system. Assume isentropic operation for all
compressors and turbines.

Take C, of air = 1-005 kJ/kg-K and y=1-4.

(c) T AERA-39Er G 1 F3 &% 250 mm? qu1 A &9 500 mm? | 9 350 K ¥
feR A= G911 MPa % f@R 7@ % W1 ge § vaw &l 1 g % weam A ang 6 siftean
YR R a1 Wfess 7@, Wfow awwm, i g o 3, ge ¥ fem w, 3@ $ifg)
y=1-4, R=0-287 kJ/kg-K fan wn &)

T % T e 8 aiferen 1 3w i)

A convergent-divergent nozzle has a throat area of 250 mm? and an exit area
of 500 mm?2. Air enters the nozzle with a stagnation temperature of 350 K and
stagnation pressure of 1 MPa. Determine the maximum flow rate of air through
the nozzle and the static pressure, static temperature, Mach number and
velocity at the exit from the nozzle.

Given y=1-4, R=0-287 kJ/kg-K.

Use Gas Table to solve the problem.
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Table : 904l ¥a1® (Isentropic Flow)

e aifeTet (Gas Table)

T

u w rd . . %
0 0 oo 1-00000 1-00000 1:00000
o010 010943 58218 0-99303 099502 099800
0-20 021822 29635 0-97250 098027 099206
0-30 032572 2-0351 093947 095638 098232
0-40 043133 1-5901 0:89562 0-92428 0-96899
0-50 0-53452 1-:3398 0-84302 0-88517 095238

0-60 0-63480 11882 0-78400 0-84045 093284 -

070 073179 1-09437 072092 079158 091075
0-80 0-82514 1:03823 0-65602 0-74000 0-88652
0-90 091460 1-00886 0-59126 068704 0-86058
1-00 1-00000 1-00000 052828 063394 0-83333
1-10 1-08124 1-00793 0-46835 0-58169 0-80515
120 11583 1-03044 0-41238 0-53114 0-77640
1-:30 1-2311 1:06631 0-36092 0-48291 0-74738
1-40 1-2999 1-1149 0-31424 043742 0-71839
1-50 13646 1-1762 027240 0-39498 0-68965
1-60 1-4254 1-2502 023527 035573 066138
170 1-4825 1-3376 0-20259 0-31969 063372
1-80 1-5360 1-4390 0-17404 028682 0-60680
190 1-5861 1-5552 0-14924 0-25699 0-58072
200 16330 1-6875 0-12780 023005 0-55556
2:10 16769 1-8369 010935 0-20580 0-53135
2:20 17179 20050 0-09352 0-18405 0-50813
2-:30 17563 21931 0-07997 0-16458 0-48591
2:40 1:7922 2:4031 006840 0-14720 0-46468
2-50 1-8258 26367 0-05853 0-13169 0-44444
260 18572 2-8960 005012 0-11787 0-42517
2:70 1-8865 31830 004295 0-10557 040684
2-80 19140 3-5001 0-03685 0-09462 0-38941
290 19398 3-8498 0-03165 0-08489 0-37286
3-:00 19640 4-2346 002722 0-07623 0-35714
3-50 2-0642 6-7896 0-01311 0-04523 0-28986
400 2-1381 10-719 0-00658 0-02766 0-23810
450 2-1936 16:562 000346 001745 0-19802
500 22361 25000 189(10)5 001134 016667
6-00 2-2953 53:180 633[10]"6 0-00519 0-12195
7-00 2:3333 104-143 242(10) 0-00261 0-09259
9-00 2-3772 327-189 474[10)‘7 0-000815 0-05814
10-00 2-3904 535938 236(1 0]‘7 0-000495 0-04762

oo 2:4495 o 0 0 0
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8. (@) 1 cm R H Th S A 9ReH (I THFA = 22 W/m-K) § 600 MW /m?3 $

(b)

THANH T A S I Bt ¥ R b aff 3R F amEE 200 °C ® AR 9 @ s i

¥R e iR H 100 °C W fRR G @ S ¥ () Hw ¥ qwwE faw, (@) fwm
AYHA 61 T 3 A F1 8 q (iii) IR F A R A I oy IR 3w Rem w0
Bft? -t wemft-gen e S 7 i)

Heat is generated in a stainless steel plate (thermal conductivity = 22 W/m-K)

of thickness 1 cm, at a uniform rate of 600 MW/m?>. The left side of the plate is
maintained at 200 °C and the right side is maintained at 100 °C. What will be

the (i) temperature distribution across the plate, (ii) location and value of
maximum temperature and (ifi) heat flux from both sides of the plate and its
direction? Assume one-dimensional, steady-state heat conduction. 20

S U I A I 9 F1 T gae (R 2faw) 50 °C | IUfE F F = E,
OWI,%mﬁ, 30 °C W 1 IR A aATel FHT §9H 3§ o 1 21 9w, Q'%,mtlmﬁ
Seft STt ® S 150 °C W Qy WoH Fal 21 AR Fa sl I 5 MW 2, 6 38 aT99H W
Torafa St it R @ AR Fom 99 ik T v B sREE 9@ i

j s S 50 °C |
Y Owl Y Ow2
W
e ——— Yp

4 Q.r. Y OH
col

Ty

A combination of a heat engine driving a heat pump (see the figure) takes waste
energy at 50 °C as a source, le, to the heat engine rejecting heat at 30 °C.

The remainder, sz , goes into the heat punip that delivers Qy at 150 °C. If the

total waste energy is 5 MW, find the rate of energy delivered at the higher
temperature. Assume heat engine and heat pump as reversible :

I Waste energy 50 °C |

A 4 Owl A 4 Q.Wg
N "4 N
HE > HP

Y OL 4 OH
%] [mw]
TH 20
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() TF FTHH FEH 6000 r.p.m. W T GG 1-25 kg/s I WH Hal &1 A=A €l
oty W =@ FEm: 0-5 m 3 1 m &) wfe Pfee e 104 R, SafF wdo e R R
Hdfte® R @ud i T ARE 50 kW 21 393 T T Yoies 1 TR 9d15Y, 91 98 3, B
71 geE T £ a7 Pivs s 7W < 6 st w9 gd-anad 7@ R

A centrifugal compressor delivers 1:25 kg/s of air while running at 6000 r.p.m.
The diameters at the inlet and outlet are 0-5 m and 1 m respectively. The
power input factor is 1:04, while the slip factor is unity. The power consumed
by the compressor is 50 kW. State the type of impeller used, whether forward,
radial or backward curved. Draw velocity triangles. Assume no prewhirl at the
inlet. 10

4. (o) TF GEF Wem A O A T ey, e e yare W fEm w@ gy el # ds den
(M) =1 T S0 B |

Considering an ideal, isentropic gas flow through a nozzle, show that choking
will occur at Mach number (M) =1. 20

(b) 30 °CWYF 1 m/s FAMH 1-5 cm =W e T &fast ferm # waw @ ) Ao H
R H 90 °C F R qUWH W == T e 21 AR Fm gt F aEE 65 °C ®, @
Fferer 4 eward ) o B FE TR TH wwa ® 76 vare fge R, o we @ fwla @ i
Afere =1 31afte g8 fosn 21

Fo1 =Terehdl (k) =0-656 W/m-K
¥7ed (p) =984 -4 kg/m>
e WMl (v) =0-497 x10°% m? /s
fafire 311 (C,) =4178 J/kg-K
Wige €& (Pr) =3-12
ooy 7urk (F) = 0- 079 (WHiegw gen) ~ 028
Hiegq &1 =Re

. (£)(Re p—1000) Pr
afv i ¥ (Nu p) = —2- 7(;1,2(“2,3“1)

A% e, Afre % 7w # g % agae iR Afere § gre-ura o il

Water at 30 °C enters a 1'5 cm diameter horizontal tube with a velocity of
1 m/s. The tube wall is maintained at a constant temperature of 90 °C.
Calculate the length of the tube if the exit water temperature is 65 °C. One may
assume that the flow is turbulent, fully developed and the internal surface of
the tube is smooth.
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The properties of water are given :
Thermal conductivity (k) =0-656 W/m-K
Density (o) =984 -4 kg/m?3
Kinematic viscosity (v) =0.497 x10~° m?/s
Specific heat (Cp)=4178 J/kg-K
Prandtl number (Pr)=3-.12
Friction factor (F) =0-079 (Reynolds number)~ 925
Reynolds number =Re
(%] (Re ,-1000) Pr

Average Nusselt number (Nu,) =
P 1127572 (23 )

Also, calculate the water temperature at the middle of the tube and pressure
drop across the tube. 20

(c) T @reht H T 150 L Fh FR F A9 25 °C 3 8 MPa 7@ W 73 el a1 (RN
fafere o) i o @ ¥ 9 21 e Qe s R, Fred ag B F 7@ o vaRa
o < R, <t 7% % oI F13@ 6 MPa 7 9 91U 39 &W W area 5 fRan 9@ 2 9 N
&1 Wi ASh @ Bt @ 3R e w@w ¥ R A vierw § wan s R, @l 9 oiqa: R
% AI99H W G198 31 S § 1 2 F R 3w 7 1 27

An evacuated 150 L tank is connected to a line flowing air (constant specific
heat) at room temperature 25 °C and 8 MPa pressure. The valve is opened,
allowing air to flow into the tank until the pressure inside is 6 MPa. At this
point, the valve is closed. The filling process occurs rapidly and is essentially
adiabatic. The tank is then placed in storage, where it eventually returns to
room temperature. What is the final pressure inside the tank? 10

@Uvs—B / SECTION—B

5. (a) U diferhl % ¥4 F gwiigy s Feafofan =i # qf, ddied weaem (o 3m0) 399 % woaem
forera #1@ =1 4 gl (afs o1 +h) weh &

(i) d: TdaeH q9aE
(i) de "Emn
(it}) HfET AT
(iv) STaidl <
(v) F<ATE T
(v) aTF-FE I
(vii) = T FHARY
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Show in the form of a table, how the increase in the following variables affects
(increase or decrease) the ignition delay period of a compression ignition (CI)
engine :

(i) Self-ignition temperature
(ii) Cetane number

(i) Compression ratio

(iv) Intake pressure

(v) Intake temperature

(vi) Air-fuel ratio

(viij Exhaust gas recirculation 10

(b) T W < g T e FHEw ) e frward w0 87

What are the desirable characteristics of an ideal working fluid for vapour
power cycle? 10

(c) VT9-TETE F1 YAEAY O F1 R? JAEATT U TR T & 91 BT 8, I8 <WA &g T A9F
% sgaafa Aifv)

What is reheat factor of a steam turbine? Derive an expression to show that the
reheat factor is always greater than unity. 10

(d) a3 Gdied a1 Ty SEwiY Wefia yonferdt i ge i)

Compare vapour compression and vapour absorption refrigeration systems. 10

(e) WrgshIHiTgsh =TE 1 Iuaw Ty fomn o g (1) smaféree amsan, (i) STE@ ST, (i) ST
AGHHE T (iv) AR Ag A TAeft, 5@ o dio Ao 35 °C IR T=Yo +fio Ao 23 °C R
¥rfix 755 mm Hg oa1 @1 81
T wheiia e 1w fIY (bar § 2@ 1 9W i)

_ r_l'Bp(t—t')

Pv=Pv 5700

wEl, p, =<lo Mo Ao & &Y JTAT™ FI HiR¥F 3

py, =S50 o To &% Y TN HI Hif¥H I

t=1ﬂo ‘ﬂ’fo ao
t’ =g=cqgo dto o
p = S TE
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= few ¢ Sreramsy % Uit 1 39E iR

t (o) arg-314 (bar)
10 0:012272
12 0-:014017
14 0:015977
16 0-:018173
18 0:020630
20 0:023373
22 0:026431
24 0:029832
32 0:047552
34 0:053201
36 0-:059423

Without using psychrometric chart, calculate (i) relative humidity, (ii)) humidity
ratio, (fij) dew point temperature and (iv) enthalpy of moist air, when DBT is
35 °C and WBT is 23 °C. The barometer reads 755 mm of Hg.

Use modified Apjohn equation (take values of pressure in bar)
, _1-8p(t-t)
Py = Py T T 5700
where, p, = = partial pressure of water vapour (w.v.) corresponding to DPT
p, = partial pressure of w.v. corresponding to WBT
t = DBT
t"= WBT
p = barometric pressure

Use the properties of water vapour given below :

t (°C) Vapour pressure (bar)
10 0-:012272
12 0-014017
14 0-015977
16 0-018173
18 0-:020630
20 0-:023373
22 0:026431
24 0:029832
32 0-047552
34 0-053201
36 0-059423
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6. (a)

(b)

T B:-faferet, SR-EF "o 5o 99 HI fin wifts wh ge=nfora sl g sEnfya

meﬁw%,ﬁlﬂ%%qp=2;f)‘go foam &, <@ P, kW # Wl , W = & sy (3%)

YRR @1 N, r.p.m. # 5H i 7fd 8| 357 T & qhiem & A Feafafea s feg e -
R = 100 mm; €% = 110 mm; JINY (3%F) R = 540 N; 359 7fd
= 2500 r.p.m.; ¥4 %1 C/H 319 (399H §) = 83/17; 9f@® 3@ = 1-0 bar;
qiEe a9EE = 27 °C; 100 cc 399 @Ud & fou forn 7 o = 18 s; $9F W
= 780 kg/m?3; $u9 %1 3™ WH = 45 MJ/kg; 399 3 30 A T agHedE
91g I FA9H YaTe X = 5:301126 kg/min.

3% T waTet Q@ 3% Al $om ava, s adfa gsan, stafe s qun sfafee 9g %

gt i o hifsig)

Rarg =0-287 kJ /kg-K fean m 2

The power output of a six-cylinder, four-stroke CI engine is absorbed by a

hydraulic dynamometer for which the law is P = , where P is the power

WN
20000
in kW, W is the brake load in newton and N is the engine speed in r.p.m.
The following observations are made during a test on the engine :

Bore = 100 mm; Stroke = 110 mm; Brake load = 540 N; Engine
speed = 2500 r.p.m.; C/H ratio of the fuel (by mass) = 83/17; Ambient
pressure = 1-:0 bar; Ambient temperature = 27 °C; Time taken for 100 cc of
fuel consumption = 18 s; Fuel density = 780 kg/ m3; Calorific value of the
fuel = 45 MJ/kg; Mass flow rate of atmospheric air consumed by the
engine = 5:301126 kg/min.

Calculate the bmep, bsfc, brake thermal efficiency, volumetric efficiency and
the percentage of excess air.

Given, R, =0-287 kJ/kg-K.

(i) Sl @ % o = % fafin 9 Bye sRy, s e v @ e iy g

(i) e~ wfafsFa e % sors- -9 T 9, p I $EGH WH p = cos o | T ST B,
T8 M o T A9 Feaa Hitg, SEl o FER =i #1 F=wim H R

(iti) T +ft wige T grd=a ufafra wEma i ifteran ega

2

2 cos“a

n i ORI A A
9 1 +cos?a

ZR 4 R
(iv) P pam T F=TAd =g wfcfsran 2Ema & 4 B s

20
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(i) Draw typical velocity triangles of a stage of a reaction turbine, clearly
showing the various velocities.

(i) Derive an expression to show that the optimum value of p, the
blade-to-steam speed ratio for a Parsons reaction turbine is given by
p =coso, where o is the inlet angle of the fixed blades.

(i) Also, show that the maximum efficiency of the Parsons reaction turbine is

given by

2 cos? o

1+cos?a.

Nmaximum =~

(iv) Draw the velocity triangles of the Parsons reaction turbine operating at

poptimum' 20
() dragEen A fwean i fafim faftel 6t géw J =men fifvg)
Explain briefly the various methods of air-conditioning duct design. 10

7. (a) T AREA-39EH g 5 bar, 250 °C W WY W Fl € X I 1 bar W g iy &
ot & & wenfa owan ®) e 3 ) e Fa ge Frafafea 7met % g 05 kg/s F
T VAT o e mavas i &= &t oM Fif

(i) < YaTE HgeH & @
(i) <& warE pv!3 = R & sfwg @
fem ™ R, 5 bar, 250 °C W
v=0-4744 m® /kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
¥R 1 bar W
vy =0-001044 m®/kg, v, =1-6729 m°®/kg
hy =419-04 kJ/kg, hy =2676-1 kJ/kg
s; =1-3069 kJ/kg-K, s, =7-3549 kJ/kg-K
A convergent-divergent nozzle receives steam at 5 bar, 250 °C and expands it

isentropically into a space at 1 bar. Neglecting the inlet velocity, calculate the
exit area required for a mass flow of 0-5 kg/s for the following cases :

(i) When the flow is in equilibrium
(i) When the flow is supersaturated with pv!'® = constant
Given, at 5 bar, 250 °C
v=0-4744 m3 /kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
and at 1 bar
v, =0-001044 m3 /kg, vy =1-6729 m®/kg
h; =419-04 kJ/kg, hy =2676-1kJ/kg
Sy =1-3069 kJ/kg-K, Sg =7-3549 kJ/kg-K 20
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() TH 1 TR Wfiqq ¥4 R134a & GG a9 Gdted wefied =h W & &l | =rfeds 3w
wufE ¥ qUEE M —10 °C 3R 44 °C ¥ W@ difvw (i) wias H 550E @R R,
(ii) Gfte® Wfth, (iii) At Haed swar au (iv) Feaea e (Ho 3o o) | 77 +fi I
HR (v) e G % Fro ddes F fafte s #F gfg qon (vi) IR TR, TEE TEA
drmaft % f9 Ten A gepd FHE1 T ) gor § | Jited § vaw I GgE 9 % w9 A 7
iR R FH 9% § FutE A gu ot Fefiae ST SN @1 ¥ R134a % 0 diferw # oy

“‘2? :
[0 Tl | GgH arsq ey kAl
T P il "?”E A B (kJ/keg) (kJ /kg-K)
o) | an |
ke ar’
{kgfmal {ms,*’kg} LG qrq LG qrq
hy hg SF Sg
-10 2-:005 1326 0-:09963 186:78 392:75 0-951 1-734
44 11-3 1129 001786 262-38 42128 1-209 171

arsq wftass ) fafie som 9 126 kJ/kg-K fifSm)

A 1 TR refrigeration plant works on R134a simple saturated vapour
compression refrigeration cycle. The evaporator and condenser temperatures
are —10 °C and 44 °C respectively. Determine the (i) mass flow rate of the
refrigerant, (ii) compressor power, (iif) volumetric cooling capacity and (iv) COP.
Also, calculate the (v) increase in the specific compressor work due to
superheat horn and (vi) throttling loss, in comparison to reversed Carnot cycle
operating between the same temperature limits. Consider the entry to
compressor as saturated vapour and saturated liquid refrigerant is leaving the
condenser in the reversed Carnot cycle. The properties of R134a are given in

the table :
, Specific Enthalpy Entropy
Density of
T p saturated volume of (kJ /kg) (kJ/kg-K)
i saturated
(°C) (bar) liquid Liquid Vapour | Liquid Vapour
3 vapour
(kg/m®) (m3/kg) he hg o i Sg
-10 2-:005 1326 0-09963 186-78 39275 0951 1-734
44 11-3 1129 0-01786 262:38 421-28 1-209 171
Take specific heat of vapour refrigerant as 1-26 kJ/kg-K. 20
(c) =mEn Hifm 5 Tes I H Fefafad frlvard siaded (3mge o) @ % vEER W H
g et
(i) EHE@
(i) T YIRS
(iii) eE forg
(iv) TFH Td A q9H
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(b)

Explain how the following characteristics of the lubricating oils affect the
operation of an internal combustion (IC) engine :

(i) Viscosity
(i) Viscosity index
(i) Pour point

(iv) Flash point and fire point

A TF W FE HA G TF THo AR 39 F fuferet @R 210 mm IR Vs o=
240 mm B FTHFM AFA 1550 cc B GfieT F ey § 7@ 3R G99F FH: 1 bar 3R
17 °C 81 5% 1 ifwaw a1@ 50 bar ¥1 Wk % gea fargall W g 3R amowm, arg-a
&, FawE ag1 wieg wrEt 7| fuifa FY) 5% B Py 3R Tos i@ W wize) R
1 FHI HH 40 MJ/kg B, @ kg/kWh § $57 ) @ua #1 qeais i)

Ay % C, 3R C, H FAW: 1:005 kJ/kg-K 3R 0718 kJ/kg-K =]

An SI engine working on the Otto cycle has cylinder bore of 210 mm and stroke
length of 240 mm. The clearance volume is 1550 cc. The pressure and
temperature at the beginning of compression are 1 bar and 17 °C respectively.
The maximum pressure of the cycle is 50 bar. Determine the pressure and
temperature at the salient points in the cycle, the air-standard efficiency, the
work done and the mean effective pressure. Show the cycle on P-v and T-s
diagrams. Evaluate the fuel consumption in kg/kWh, if the calorific value of
the fuel is 40 MJ/kg.

Take C, and C, of air as 1005 kJ/kg-K and 0-718 kJ/kg-K respectively.

40 °C o o Fo 3R 50% Mo TAe W 100 m? /min A T A yaifea a7 A 26 °C
o flo fo 3R 50% e THo W 20 m?/min F R A yarika a1y H g@d a7 F A
T san 21 fsn sfide Feeh W A varka @ @ R to Ho do amEE 10 °C awr
IFT o 0-2 1 Fecht A Frarem areht a1 Go o Ao 3R 3o THo I Fft| IR 77
I T ATIgEicrd a1 A gfd At sl }, @ Do o Fo 26 °C 3R R THo 50% T
@1 ST R, @ TR AR () Fa Ha e 9 (i) Tefied o # Feeh iaa g

T 1 T AeAEE IR 1RY 3R weft wlEaned # w aEiE 91 ¥ e w gty
arEmifE = foan gan R

Air flowing at the rate of 100 m® /min at 40 °C DBT and 50% RH is mixed with
another stream of air flowing at the rate of 20 m3/min at 26 °C DBT and
50% RH. The mixture flows over a cooling coil whose ADP temperature is 10 °C
and bypass factor is 0-2. Find the DBT and RH of air leaving the coil. If this air
is supplied to an air-conditioned room, where DBT of 26 °C and RH of 50% are
maintained, then calculate the (i) room sensible heat factor and (i) coil cooling
capacity in tons of refrigeration.

SKYC-B-MCHE/ 14 14
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Draw a schematic diagram of the system and show all the processes on a

skeleton psychrometric chart.
Psychrometric chart is given.

o 120 1 130 135 140 145 0.35
3 0,033 [
o AT TN e 4
T .w -"_. \ !,].ﬂl = y 7&1 \ [ 0,032 |,
% -n% .{.w %f i / \ ..JP 0oy ,0.40
i 7 ~ 0030 |,
m % . .|$ ™ \. ™~ \ o £0.029
O 2 42 A ALY L]/ N Eoos |
O 8., T X VR J.m 1o QEN/AR \TANA NP/ o2 Lo g
m % % ._\Il../ !.f.! .MI WE \o
% A L/ A A NS/ I~ /] Eoazs [
) $ & VLS TS NI A ¢ «
& £ < K3 ST Tl K TT ™ foso
> 0022 | u
m m & N /| \j%\ N7 \VK \ oon [055 '
= €0 (17N YaRIS N e | 2
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s % < ] T t0.019 0. o
=8 m & & NV ~ AN [N o018 | 7]
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% S0 /AR ¢ : X% RSN 10y £0-80
ZAngean ancqusuan oy SURR R ce: BY LONRE vy i
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A .\ L Lo AT - 2 . 3 i ma.nm
8 ¢ PR S T R e ML ] TN 910 £1.00
TN A R P PR TR S BRI SR
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° = SIS ING N ISR Tas \INNAS RN EL S SR SUASEE ;.aaem
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(c) T WM I 99 I IAE FA ¥ TH WEAH TE AT S19eR H1 SN Haar & | 39w g g
7 F THHE TG’ R 0-847 kg/s t R R w1 I WW (CV) 44 MJ/kg B1 TG
TE 3G, I kg $A F 16 kg I I ravasmar gt 8, ek forg forlt % snar w @ www
% 30 mm ¥ YO N AEwEHa g 21 W H9 afger @ 350 °C W Fwwdt @1 ®F § W
1 ga a9EE 300 °C formn s wshan &1 9@ 20 °C W R)

78 T g T R ¥ ol w A A m R, RF A I9E R 36F R W =W

Fruffa $ifm)
3% FemEn, i i seEuE yaw @ H ot o Hifs
Pappize =101-3 kPa, Rag = Ry =0-287 kJ/kgK, g=9-81 m/s?,

P =1000 kg/m? efifSm)

A process industry employs a medium pressure boiler to produce steam. The
mass flow rate of fuel consumed is 0-847 kg/s and c.v. of the fuel is 44 MJ/kg.
For efficient combustion, 16 kg of air per kg of fuel is required, for which a
draught of 30 mm of the water column is required at the base of the chimney.
The flue gases leave the boiler at 350 °C. The average temperature of gases in
the stack may be taken as 300 °C. The atmosphere is at 20 °C.

Assuming the velocity of gases at the stack exit to be negligible, determine the
height of the stack and the diameter at its base.

Also, calculate the mass flow rate of the gases.
Take Pypmosphere =101+3 KPa, Ry = Rgages =0-287 kJ/kg-K, g=9-81 m/s?,
Pwater =1000 kg/ma 10

* ok ok
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