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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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@Uus—A / SECTION—A

1. (@) 500 K WR % 50 kg % T G FI ol aae & w@r smar &, Riges aam 285 K 2
mmmzm@w%mmquﬁam%lﬁ%mo-% kJ/kg-K
# 3w fafie s qFER () AR % @8 oK angrea % i uRad Qo (ii) Srafaserrar =
Fufor Hifsg)

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. 10
(b) =uisC T v et & wm yoa ¥ R MMy =1.
Show that for normal shock in a perfect gas, M} M; =1L 10

(c) ¥&fa FaTe wfte® |, 50% wfafsean 3, Berh ey # Ffi-wft gl was T8 @ )
Sfea wfieon iR shfser & a1y wwemsy i & Y i e 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. 10

(d) 2700 °C R T 3feifies w2t (FHrewr) fafor seafvfa et #1 foafifaa £ o Hifv

() A=1-2pm R WFH IqsH wfth
(i) e, | W I i sifteran Bt &
(iii)  SATerham TagH! I wfh
(iv) T s TG
F few T s faaror fem wefe @1 39E Hifv

Ep == <!

A’ [exp(Cy /AT)-1]

sel, C; =3-742x108 W-um*/m?, C, =1.438 x10* pm-K
6=5-67x10"% W/m?2-K* <fifSm)
An industrial furnace (blackbody) is emitting radiation at 2700 °C. Calculate
the following :
(i) Spectral emissive power at A=1-2 um
() 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 :
Cl
A° [exp(Cy /AT) 1]

By, =

where C; =3-742x10% W-ym*/m?, C, =1-438x10" pm-K.
Take 6 =5-67x1078 W/m?-K*. 10

e) () o fafvuRe fawewm % wme A teo o o Ao fafty % foaw et arfivemond fafaw)

(i) Tafay B @ Fon fafmbe frew § B Rl § w@e e fo o fofy ot fF
feufe & w0 Ao o faftr wmp AR

() 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. S

2. (@ 0.-6m?2 ¥ ITRU-FE IFA A& Th 15 m I fafeF * 20 kg THEA F T
FoRfE e ¥ i W 25 °C W3 m3 @t o fifed 71 fieed % A9, 15 °C W3 m?
e % @y o T 2, S fa § qwln o ) el e f egfd 3@ wER R
I 2 5 fred ow e & ok a1 90 R A ae whera 1 I FRT (@) fre %
IR A [ U FEen F e R o e (k) SR (i) TR % AW ST H I
s (kJ). (i) 31 % T wshe &1 P-v Ii@ @i |
aRpFEEd @ (P,) #1101 kPa, 3l % faw ¢, 3k R ##w: 0-312 kJ/kg-K 3
0-2081 kJ/kg-K 7 S| 25 °C W 9 i faf¥e maa+ 0001003 m3 /kg #1 o
ﬁﬁzﬁﬁzﬁmaﬁﬁq

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 p1ston of mass 20 kg. Below
the piston, argon gas is at 15 °C with a volume of 3 m?3, 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.

QUVA_ R _MOUR /14 [ P.T.O.
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Assume atmospheric pressure (P)) as 101 .kPa, C, and R for argon as
0-312 kJ/kg-K and 02081 kJ/kg-K respectively. The specific volume of water
at 25 °C is 0001003 m3 /kg. Neglect piston thickness :

b - = - - -

F=: Water =251 |

20

(b) 100 kPa 3R 290 K W a5 ¥fteq & 3 =il 3R wewor % Q) =Roit % WY 0% N e ¥
A yaw Ft ¥ 7% P svenl Qo GRETTE qu1 STRiiaE 1 ST Fal &1 TeE =
A T P 4 R 6 Fa SN IS A4S F 300 kJ/kg F SR A ¥| g
Y F AHA 20 °C ¥ WG ;@ B T-s M@ Wifwy AR y@ AR () F@ R
I (kJ/kg), (i) & 3cared #@ (kJ/kg) a9 (i) b 6 arfia zaan) asht ddiest ok
AT % oI TR yeeE W i

T %Y C, = 1-005 kJ/kg-K 91y =1- 4 #hfir)

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), (ii) net work output (kJ/kg) and
(iii) thermal efficiency of the system. Assume isentropic operation for all
compressors and turbines.

Take C, of air = 1005 kJ/kg-K and y=1-4. 20

(c) TF Er-Soard ge #1 %8 &% 250 mm? o fFm &% 500 mm? ¥ 917 350 K ¥
@R 99 a1 1 MPa % fRR 2@ % w19 ge § vaw o ¥ g8 % mem @ a1y A stftean
yare a1 Wfves 7@, Wivs aowm, ¥ g o0k 9, g ¥ P w, 3@ S

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

T % T 8g T arferen @1 IwEm hifi)

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. 10

[0} 70V 7a VR o BR Y Paldi - WE W |
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g @ifete (Gas Table)

Table : U= ¥’ (Isentropic Flow)

A p T

M M* rg p% P T

0 0 oo 1:00000 1-00000 1-00000
0-10 0:10943 58218 099303 099502 099800
020 021822 2:9635 097250 098027 099206
0-30 0-32572 2:0351 093947 095638 098232
0-40 0-43133 1-5901 0-89562 092428 096899 i
0-50 0-53452 1-3398 0-84302 0-88517 095238
0-60 063480 1-1882 0-78400 0-84045 0-93284
070 073179 1:09437 0-72092 0-79158 091075
0-80 0-82514 1-03823 065602 0-74000 0-88652
090 091460 1-00886 059126 068704 0-86058
1-00 1-00000 1-00000 0-52828 063394 0-83333
1-10 1:08124 1:00793 0-46835 058169 080515
1-20 1-1583 1:03044 041238 0-53114 0-77640
1:30 12311 1-06631 036092 0-48291 074738
1-40 12999 11149 0-31424 0-43742 0-71839
1-50 1-3646 111762 027240 039498 068965
160 1-4254 1-2502 023527 0-35573 066138
170 1-4825 13376 020259 031969 063372
1-80 1-5360 1-4390 017404 028682 0-60680
190 1-5861 1-5552 014924 0-25699 0-58072
2:00 16330 16875 0-12780 023005 055556
210 16769 1-8369 0-10935 020580 053135
220 17179 2:0050 009352 0-18405 0-50813
2:30 17563 2-1931 007997 0-16458 0-48591
2-40 1:7922 24031 0-06840 014720 0-46468
2:50 1-8258 26367 005853 013169 044444
260 1-8572 2:8960 005012 0-11787 042517
270 1-8865 31830 004295 010557 0-40684
2:80 19140 35001 003685 009462 0-38941
290 19398 3-8498 0:03165 0-08489 0-37286
300 1-9640 42346 002722 007623 0-35714
350 20642 67896 001311 004523 028986
4-00 2-1381 10-719 0-:00658 0-02766 0-23810
450 21936 16-562 0-00346 001745 0-19802
500 22361 25-000 189(10)5 001134 016667
6-00 22953 53-180 633(10) 0-00519 012195 N
7:00 2:3333 104-143 242(10y6 000261 0-09259
9-:00 2:3772 327-189 474(10)‘7 0-000815 0-05814
10-00 2:3904 535938 236(10)7 0000495 0-04762
- 2:4495 - 0 0 0
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8. (@) 1 cm W I TH ST T R (S T@EA = 22 W/m-K) § 600 MW /m?3 $
THAAH A S I Bt 2| I F el 3R e 200 °C W FRR w9 @ i 3
¥ Tl M F 100 °C R R G w@ S ¥ () e F e Aew, (@) e
AYHH 1 WM AR A 1IN A4 (i) I F A R A T Yo 3 39 Rem w0
Bt ? Toh- ST, Tomh-gw S e 7A S
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/m3. 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 (iii) heat flux from both sides of the plate and its
direction? Assume one-dimensional, steady-state heat conduction. 20

(b) F T TAW I FHT 9 F 0 waAeE (R 2Raw) 50 °C w e st A ows w,
Qw,» % T &, 30 °C T F1 IR FH a1 S 357 § & e 21 9w, Quy, » T 7F #

et STt & S 150 °C R Qy Yo il B AR Fat safte =t 5 MW 2, @) 31 aowe ™
Terafa st it == @ FRTY) Fo1 $o oIk o Ty B R T AR

| 3aRte F= 50 °C |

Y Ow, ¥ Ow,
W

v OL Y O
30 °C 150 °C
o] [

Ty

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

The remainder, sz , goes into the heat pumnip that delivers QH 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 :

L Waste energy 50 °C |

Y OWI Y sz
4
e — ¥
Y QL \ QH
' 30 °C l 150 °C I
Ty

20
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()

(b)

T AT Tfed 6000 r.p.m. | F@d @ 1-25 kg/s I FEH FAl 8| A=A a1
oty w =7/® #9905 m 3R 1 m &1 uih FfE P 104 ?, s&fe a0 T &8 R
Hdtes gR1 @Ud H T ARE 50 kW B 1 Iw@N Y T yoiiees # TER SA1RY, IR 98 3, B
71 9ed T B 9 Pis s qF <hfsi 6 i i g@-amed @ 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.

T e F Hew A BN A T e, et e ware W R #a ge swise 6 A% wen
(M) = 1 T SRIEE 8|

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

30 °C W UH 1 m/s%éﬂ@ 1'5 cm =@ drell T Afest Afert § yaw w71 A H
ER A 90 °C ¥ R q9HHA W =AY W@ Sl §) AR b g F amEE 65 °C B,
i i @wars i ToET IR RIS T8 TF eha § TR et fagea R, 90 we @ ffhd @ @ik
Aferent 1 2tiaie g8 faa 21

it % e fog e E
FoA1 el (k) =0-656 W/m-K
oed (p) =984 -4 kg/m3
& WMl (v) =0-497 x107% m?/s
fafie 5o (C,) =4178 J/kg-K
Wigel €& (Pr) =3-12
o] U7 (F) = 0- 079 (Wicew @)~ 02°
Hiegq &1 =Re

. (£)(Re p—1000) Pr

A e T (N p) = 1+122-7(§)1/2(Pr2/3—1)

% T, AT % 7eF § g % qoeE IR Aferet # q@-urd i o Hifsg

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.

10

20
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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~° m2/s
Specific heat (Cp)=4178 J/kg-K
Prandtl number (Pr)=3-12
Friction factor (F) =0-079 (Reynolds number)‘o'25
Reynolds number =Re [,
(%) (Re p—-1000) Pr

Average Nusselt number (Nup) =
P 1412, 7E72 (pr23 1)

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

(c) TF Wret H T 150 L A ZH FR F A9 25 °C 3R 8 MPa T« W w83 ameht 9 (RN
faftre so) 1 o @A A g€ R A9 Gren s R, e A B ¥ 09 0% vaRa
T <t R, <1 7 % 37 F1 7@ 6 MPa 7 @ I 39 &V W Gw0d sg R4 S 21 48 Y
1 ik 3T @ Bt @ R e TEW ¥ R IR A vierwr § v s 2, @l 9 oiqa: R
% q9HH W 199 371 e B | T F i 3ifm T a7 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

@is—B / SECTION—B

5. (a) U diicedn & &9 & gwiisy f Frafafas =@ & ofy, ddied wsaem (o am0) 99 % voawm
forerva =@ =1 2 gwifaa (3 =1 ) w2

(i) Wd: GSId- qIHH
(i) € "Em
(i) Efie T
(iv) I=ig =
(v) IFUTE aTIEH
(vi) STY-5eF I
(vii) = TE GAEER
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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

(iii) Compression ratio

(iv) Intake pressure

(v) Intake temperature

(vi) Air-fuel ratio

(vii) Exhaust gas recirculation : 10

(b) AT TR h ¥G T AR FEFR W ) qo-1a fowwand F=n 87

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

() WTI-TTETEA 1 YAETT TUIh 1 87 GAEATY Uk THEN T A 91 Bl ¢, 98 S¥iA g b AT
i gt il

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 wftes aun ATy TR yEftad wonfert it gaen i)

Compare vapour compression and vapour absorption refrigeration systems. 10

(e) wEHHIfEH I o1 Iqam Ty fomm o fifre (i) smafdres sk, (i) Smsan e1quTa, (i) ST
AN T (iv) 3R 9g A T, 519 o fio o 35 °C R Tgo flo o 23 °C R
Ffix 755 mm Hg oa1 @1 81
i dsita wfier 1 W AT (bar # < 1 9F wiR) ¢

_ o 1-8plt-~t)

pv_pu 2700

W&, p, =S dio Ao & JFEY TetaT™d H1 AR I
p,, =g Mo Fo F ITET FAaT FH AR T8
t =Slo o Fo
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= fog g Steramsy & i 1 ST AR
t (°C) arg-3rd (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, (iij) 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 — 2700
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 0012272
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

10
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6. (a) T o:-Taferet, IR-Ls Ho 3mo W hit i wle & go=nfera smmHR g71 sEmfya

m?ﬁm%,ﬁm%mp=% frm %, 5l P, kW & wftp 3, W = § s (3)

YR B @ N, r.p.m. ¥ 559 I (T 8| $99 R U qiewr & SR el smaeea feg o

IR = 100 mm; €% = 110 mm; WY (dF) ¥R = 540 N; oA 7
= 2500 r.p.m.; $¢9 &1 C/H 31J9d (5=99H g1 = 83/17; URa® g« = 1-0 bar;
IREae qUEH = 27 °C; 100 cc $¥F @WUd % fou fon mn w99 = 18 s; & uAe
= 780 kg/m?3; M = I WA = 45 MJ/kg; TH TR I A T anpee
Y h FHIH FE® W = 5:301126 kg/min.

3% e et <@, o Tl fum aua, s A qaan, st qarar qen srfafwe 9 %
gfeeTd i 7o iR |

Rarg =0-287 kJ/kg-K féan mi |

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

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

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. 20

(b) (i) s TR % T = % fafire 3 Prye s, S e v @ fafie 3w et @

(i) ATEE TR @R % soig-H- Ifd STAT, p 1 EAH IH p = cos o | T S B,
I8 T TG TH A oA hivrg, el o, FRR e o1 sF=wia o R
(i) I% +f <wisy fop urd=g wfafren <xamga A eifteran qaran
2 cos?a

2

‘n e
IS 1+cos“a

@ R
(i) P epam T G IR0 Ffdfshan Mg % o Bigs s9EY)
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()

7. (a)

() 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 =cosa, 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?

1+cos?a

Nmaximum =

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

P optimum * 20
ragEe atet stfierer i faftm fafeet i g & s=men fifm)
Explain briefly the various methods of air-conditioning duct design. 10

T ARER-9Ed g€ 5 bar, 250 °C W MY MW Al € 3R 3 1 bar W waggdl faf &
ol & & werRa oan R e 3 R Nen Fa g Frafafaa 7me % T 05 keg/s F
T VAR % T stawass fim & it o fifs

() 9 YaTE §geE | &
(i) <& var pv'3 = R | sfreg @
fa T}, 5 bar, 250 °C W
v=0-4744 m3 /kg, s=7-2709 kJ/kg-K, h=2960-7 kJ/kg
3R 1 bar ®
v; =0-001044 m>/kg, v, =1-6729 m>/kg
hy =419-04 kJ/kg, hy, =2676-1 kJ/kg
sy =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 m® /kg, v, =1-6729 m®/kg
hy =419-04 kJ/kg, h,; =2676-1 kJ/kg
Sy =1-3069 kJ/kg-K, Sg = 7-3549 kJ/kg-K 20
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(b)) TF 1 TR Wiicd 49 R134a §@ §qW o ddied wefiaa =% W HH @ 8| aifas 3R
T ¥ THE F: —10 °C 3R 44 °C R I HREY (1) Wids H 5T0H TR R,
(i) GfeF W, (iii) St waed gwar e (iv) e o (Ho o o) | 77 +ff I
HRY (v) AT g1 F Hro ahes F Afm @ § 3 T (vi) IWEE TH, FEE TIEH
et F i Ten aTe o FH I i gal 3 | Gl § N i HgW a9 % ®9 4 A1
iR e FH o § Guf A Gg @@ Tfiah SR 3T W@ 2| R134a % 0 drferh # g

R
/g0 T | GgH arsq &1 i el
T P qge qgq (kJ /kg) (kJ /kg-K)

(°C) (bar) !
o ar

(kg/m3) g T arsy T arsg

hf hg Sf Sg

o §0 2-005 1326 0-09963 186:78 | 39275 0-951 1734
44 11-3 1129 001786 | 26238 | 42128 1-209 1-71

g wefiass < TaRRe oo 91 126 kJ/kg-K i)

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, (i) compressor power, (iii) 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
r P saturated volume of (kJ/kg) (kJ /kg-K)
i saturated
(°0) (bar) ltqwd3 vapour | Lauid | Vapour | Liquid | Vapour
(ke/m®) |13 /kg) hg hg f ‘g
-10 2:005 1326 0-09963 18678 392:75 0-951 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) =arem i % Sew qa h Frefafea vt sade (me o) A F T=H B
g et §
(i) HE@
(i) A GRS
(iti) <EE forg

(iv) TFTH @ AW qUH
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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 10

8. (@) I IH W FH A a9 TF THo Mo 39 F Riferex IR 210 mm IR BiF s
240 mm | 3THW AT 1550 cc ¥ | GhieA % e & 7@ 3R q99H 99 1 bar 3R
17 °C §| 5 1 I T 50 bar ¥1 ¥ % e fargall W 3@ 3R qromm, arg-qm
3T, FahE aq1 Mg W 7@ Reifd Y 5% B Py 3R Tos @ W awizu) af fm
%1 W AH 40 MJ/kg ?, T kg/kWh § $u7 i @ua %1 g Fifv |

g% C, 3R C, F F: 1-005 kJ/kg-K 3R 0-718 kJ/kg-K wifm)

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 1-005 kJ/kg-K and 0-718 kJ/kg-K respectively. 20

(b) 40 °C Slo &fo Ao IR 50% o TAe W 100 m>/min H & A ya1fRa a1 F 26 °C
o o Ao 3R 50% HARo THe W 20 m?/min F R A yariRa ag A @ a7 F A
foreman s 21 o sfiaem Feeht W A yarfea dar @ R wo So fo qmWE 10 °C @
ST O 0-2 1 Fecht A Frshen areh a1y #1 Ao dio Fo 3R 3Ro THo 1 AT IR 77
Y T AR e 3mgfd i e B, @l o do fo 26 °C R FRo THo 50% Y
@1 Sl R, @ TR T (i) Fe T S (i) Fefied 24 § el viaed &

T 1 T AoHIEG, TRG 1Y 3R @l a0 uw amifE =16 % oY W sty

qrEHiteE =1 faan gam R

Air flowing at the rate of 100 m?3/min at 40 °C DBT and 50% RH is mixed with
another stream of air flowing at the rate of 20 m?3 /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.

SKVC_R_MCUR /14
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Draw a schematic diagram of the system and show all the processes on a

skeleton psychrometric chart.

20

Psychrometric chart is given.

BELOW 0 °C PROPERTIES AND ENTHALPY DEVIATION LINES ARE FOR ICE

SPECIFIC VOLUME, m%kg DRY AIR

® 120 125 130 135 140 145  0.35
~ PR P
5 o /B 7T T/ 7 8 oy
= 2 ~ 0.032
[/ /N vuy -
& 8 wavi VTH 0031 [,0.40
b / WAARNURIS 1, g
Q@ 7% w. = £0.029
O - & 4 ¥ AR YT / £0.028 |
O 8., N va) /A NTIAND SN/l v 2
3 B £s I VTSI oo
N R <« v h E™ L
m k) > \ / P
=) S & N N4 TS N 7 i 0 I e
M < IS i/ = 0.024 L 0.50
e g A M N | A N/ 4 Nl
m CS \IOD. % & K E 0023
- E ﬁ =
o m & A A/TAV VIS LA N N LT m.f.r.s_ £0.56
m 5 .ru«,}o 7 7 AN A A .\ h %. UL E o |
0 ; [~ £ 0.60
g = de S 4/ SNEVAY RS
- = N Villn A o017 065
& AT Avﬁ\ NN ST £
% &, (W N /I T YN & 09 ”,.r.oa 070
& o y o N ISR AN N ote 075
* % N AN ¢ N LI A S F . Eo.so
o ﬁw ' VA\ QA 4 VTN T L & \fm /../ ; m:”““ w oy
© o LA P I WY TNV TR BN ol Ty E0-90
o i RN S Tel = £ F0.95
\2 % 4 r\ Al % \ - ) £1.010 &4 00
¥ 8 ECanZh SPANUASARENINN 48X SERSURRN -
& o . Y(N/V%.A N DKL Y N i~ < n N A il Eiow
o o CPL R D MN asNp=dns LD S W % // 2 mPeST
8 8> ¢ 2N \ 3 U < | Y SNGE
. < 2N xX)M(W( L ~ ) E=Sl \ - A m...snn
9. o ah N N - // N N Uocmm g
> >4 WAV./ VA N TN ™~ N LD /Vf N /Pr N /m.eg m ~
b = T DR TN PR NP ™ // N TN w|3
= 28 WAV P NN DR P =4AnNNRY N ™ LT S|P
S I e e SN ACRAEARSNESARUN RN ARNR o
F - OB T PR NINNNINR LN TR TR TN, N L0- m
0.000
-10 / -5 0 5 10 15 : 20 25 / 30 35 40 A 50 55
DRY BULB TEMPERATURE, °C
0.75 m¥kg 0.80 m¥%kg 0.85 m¥kg 0.90 m¥kg

SENSIBLE HEAT FACTOR

O\T/XIMN T NANTITN /1 A
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(c) & WshH IENT MY T IcATEH A o Th HEAH T 16l S1aeR 1 SYERT Sl & | 390 frg g
$uA il THUH YR W 0-847 kg/s ® 3R $w7 w1 I=fim wm (CV) 44 MJ/kg B T
TE 3G, 90 kg A H 16 kg a7 i savasmar Bt 8, e forg foft & snum w s '
¥ 30 mm ¥F YA A AavEHA AN 21 T AW SR | 350 °C R Freradt 31 ®RF H W
%1 3ff|a awH 300 °C o s whan B @R 20 °C W 71

7% 7 g¢ F6 Re & Frin w b @ 9 e 3, e A FEE 3R I6F uR w1 M

fruffa fifsa)
3% FamEn, 1 i geEaE yar A of e Hifv
Parpieei = 101-3 kPa, Rarg = Ry =0-287 kJ/kgK, g=9-81 m/s?,

Pwe =1000 kg/m? @)

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 Pymosphere =101+3 kPa, Ry = Rgaees =0-287 kJ/kg-K, g=9-81 m/s?,
Pwater =1000 kg/m?3. 10

* %k Kk
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