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MECHANICAL ENGINEERING (PAPER-I])

‘Time Allowed : Three Hours Maximun_"l Is;iarks : 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

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

authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
in the Question-cum-Answer Booklet must be clearly struck off.

b
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1. (o) Y TF N TEA w89 5 Goies § REW 290 100 kPa 7 25 °C W 09 7 @ 76N = 2
T4 1 MPa G991 347 °C W 90 m/s I W ST6 Feherdt §1 % B 1500 kJ/min 6 T A
B8 FA © A WhEF § it FEw 250 kw B B wdtew § A T A 5oMH YERE 2 TM
$IBI) &1 & fAC C, = 1-005 kJ /kgK, C, = 0-717 kJ /kg-K @41 R = 0-287 kJ /keg-K

HH e |

Air enters the compressor of a gas turbine plant at ambient conditions of 100 kPa
and 25 °C with negligible velocity, and exits at 1 MPa and 347 °C with a velocity of
90 m/s. The compressor is cooled at a rate of 1500 kJ/min and the power input to
the compressor is 250 kW. Determine the mass flow rate of air through the
compressor. For air, consider Cp =1-005kJ /kg-K, C, =0-717 kJ /kg-K and
R=0-287 kJ /kg-K. 10

(b) T& BOOW H u fagq Fl A 3mur 93w, Peh 928 L=0.-6 cm, MR S9%d
= 160 cm? 1 S =A@ k = 60 W/m-K ¥, W R hif) snur afds F smafe g
ST T WiaU" Q19 ¥ S 99 SN wee 0 @Y e T wee s o Wt §, a9
izl & ATE0 Y8 =1 FIOHH 112 °C 9197 Il &1 360 % F90 vm & frd oft ssv-af w1 e 1
@ Fu—

(i) diEh W/ Uil wwh-foftn e wem % R sewa e 9 il yRiew =

ERIE L

(ii) ATHA FHF = T A Y 3NUN Ul § qae aiEads 5 fore gey wnfta $ifyu.

(iii) ST Y8 o qIIHE H1 Gedieha i |
Consider the base plate of an 800 W household electric iron with thickness of
L=0-6cm, base area = 160 cm? and thermal conductivity k = 60 W/m-K. The
inner surface of the base plate is subjected to uniform heat flux generated by the
resistance heater inside. When steady operating conditions are reached, the outer

surface temperature of the plate is measured to be 112 °C. Disregarding any heat
loss through the upper part of the iron—

() express the differential equation and boundary conditions for steady
one-dimensional heat conduction through the plate;

(1} obtain a relation for the variation of temperature in the base plate by solving ‘
the differential equation;

(i) evaluate the inner surface temperature. 10

(c) T& I9geh THIH geu= hiieig, St - <uifal 8 % & uml snfel w& woeafss Aiea 6 wify
®F Bl B

Derive an appropriate equation to show that a divergent duct acts as a supersonic
nozzle. 10

(d) TH Udh T dH FHRET A, BAA C & &9 &1 9@ §) 59 S=wEr A 991 B Y, ) s
Ty R Tp A9 W W T §, F991 6 THAHFA A1 FE90G A § 907 SHeE C 9, T |
ATOHE R T TR, S R Far @) 399 i sum wiiswea o Rl ssm o ThE, S B |

ST A a4 Cﬁ?a‘lﬂﬁTﬁfW%Iﬁ@iﬁﬁﬁﬁ?;—ﬂ—{M—lhml—m%.
B C

- . Gmm. ame ma = .
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A reversible engine works between three thermal reservoirs A, Band C. The engine
absorbs an equal amount of heat from the thermal reservoirs A and B kept at
temperatures 7, and Ty respectively, and rejects heat to the thermal reservoir C
kept at temperature T~. The efficiency of the engine is o times the efficiency of the
reversible engine, which works between the two reservoirs A and . Prove that

7 T
A = Do~ 1) +2(1 ) A 10

(e) M= = & w9 1 A e INATF € TG R? Tos G B wEwa A 15 9% ¥ B qen

Q&A1 W YA % UM ] RIS

When does reheating of steam become necessary in Rankine cycle? With the help of
T-s diagram, explain the effect of reheating on the Rankine cycle output and
efficiency. 10

2. (a) 3m M H TH MAHR Thl, S TR § 1 atm 991 —196 °C W 39 TRINA § 7 T 2,
W AR A Zh aRast T, W15 °C W Wil s e qun R sk o
35 W/m?-K & |19 &, § 3FTga 21 vaeht F191 qreh Meieni <) o1 ar9am o 98 & S s
ATEGISH F R qRaTh 91 A S A F FR TR § 7 AEEeE A @ w1 Ryt S,
gie T (i) A T R, (i) 5 cm A FEETAE A AU (k = 0-035 W/m-K) ¥ uftra & o
(ii}) 2 cm WA AR, Freht wmEh s T 0-00005 W/m-K 2, @ A 21 53 Tmarem
1 TS ST 198 kJ /kg T I6HT 1 atm W 59 810 kg /m® wH dfifm)

Consider a 3 m diameter spherical tank that is initially filled with liquid nitrogen at
1 atm and -196 °C. The tank is exposed to ambient air at 15 °C with a combined
convective and radiative heat transfer coefficient of 35 W /mz—l{. The temperature
of the thin-shelled spherical tank is observed to be almost the same as the
temperature of the nitrogen inside. Determine the rate of evaporation of the liquid
nitrogen in the tank as a result of the heat transfer from the ambient air if the tank
18 (i) not insulated, (ii) insulated with 5 cm thick fiberglass wool insulation
(k = 0-035W/m-K) and (iii) insulated with 2 cm thick superinsulation which has
an effective thermal conductivity of 0:00005 W/m-K. Consider the heat of
vaporization of liquid nitrogen as 198 kJ/kg and its density as 810 kg /m3 at
1 atm. 20

(b) UF TS § Werlfed M4 Y FeAHH aTE R F A Th G S Hiex g R s §)
HJ 9 7-0 IR W g 3 Flt @) Agh F kS (9R) W 3-6 TR H I i ™| A F
WA R %3 & W FHM: 538-5 mm AU 75 mm ¥1 0 F I¥W T A 7 3 10 m/s B
Y I T A §Y MM A FHE T6TE <0 TomEn FRg) (9 e R A e e et )

o B) -
qgH 9T & T
_f¥e mgaq fafsre Tt fafsre a=zid
erd, P b
9 (m° / kg) (kJ/kg) (kJ /kg-K)
() (°C) f
b Ug & | Sg

36 1400 000108 0-511 53886 2337 1738 6931
70 1650 0-001108 0273 6972 27635 1-997 6-708
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The mass flow rate of steam flowing in a pipeline is measured with the help of a
well-insulated Venturi meter. Dry saturated steam at 7:0 bar enters the Ventun.
The pressure at the throat of the Venturi is measured to be 3'6 bar, The inlet and
throat diameters of the Venturi are 538:5 mm and 75 mm respectively. The velocity
of steam at the inlet to the Venturi is 10 m/s. Calculate the mass flow rate of steam
neglecting friction. (The properties of steam are to be taken from the steam table as
given below) :

Properties of Saturated Steam

Specific volume Specific enthalpy Specific entropy
Pressure, P Laat {m3 / kg) (kJ/kg) (kJ/kg-K)
(bar) (°C) i 8
Vs Ug Ay g . .
3-6 " 1400 | 000108 | 0511 588-6 27337 1.738 | 6931
7:0 1650 | 0001108  0-273 6972 | 27635 1.992 | 6708

(c)

3. (a

% dftes #d 99 ufEd! var % 9 H 140 kPa, 17 °C @1 70 m/s T A% HA & W
350 kPa, 127 °C @11 110 m/s T @ fiseid &1 Wi 7 °C W &1 94 kg 91 =i 01
i) w1 6 TAEE STawE "E 6 Y, (@) g AEEE FE F T q (iii) ST
srufesmrral % forg) @ % fw €, = 1-005 kJ/kg-K @91 R = 0-287 kJ /kg-K die)

Air enters a compressor in steady flow at 140 kPa, 17 °C and 70 m/s and
leaves it at 350 kPa, 127 °C and 110 m/s. The environment is at i 0
Calculate per kg of air for (i) the actual amount of work required, (i) the
minimum work required and (i) the irreversibility of the process. For air, take
C, =1-005 kd/kg-K and R =0-287 kJ/kg-K.

uF v, el 1 50 uiiwa widfean stef@ YaTE M TEEA 6 Th e =ie gog Fifed ?, =
e 4o S 140 em 31 s qu 9 6 9 # 3EgaE 0-7 ) g0 91| 3000 r.p.m. B
afe fpfn o 20° &, 9 < F Fe TEvEs J&9w SO ST i) T S Tid fRo o wanfed
ﬂﬂ%ﬁmmaﬂ(wﬁ@awaﬂ%ﬂﬁuﬁwaﬁﬁmﬁmﬁmwaﬁﬁqaﬁm%mﬂﬁm

TPaH TETE SEE ¥ e s fre e @ qen wdten deifRe W W S R, 91 STRE ST
e gfe 61 o R

One stage comprising a pair of blade rings of a 50 percent reaction axial flow
steam turbine has a mean ring diameter of 140 cm. The blade to steam speed
ratio is 0-7. The speed of rotation is 3000 r.p.m. Determine the required
entrance angle for the blading if the exit angle is 20°. Also, determine the work
done per kg of steam flowing per second and the diagram efficiency. Calculate
the percentage increase in diagram efficiency if the blades are designed for,
and run at the best theoretical speed corresponding to the optimum operating
condition, for the given steam speed and the exit angle.
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(b) () WY FEA g, fadia Fem g qu wEl ewar § gau v il

(1) TH WAk FoN g9 <A FHEET, N 1000 °C A 40 °C W &, & 98 FH o @ 2| =0
TF Ui wefifes, Gﬁ40°cam—10°céam% I HTeTd L W 81 35 ! ]
3 F HEHT 4000 kJ a 1000kJﬂaﬂaﬁ1fn$|ﬁﬁrrrﬂ1 g 359 uefifas woneh

U W Bl &1 (1) wiifem @ =1 staw £ wE awn (2) 40 °C ¥ TWRE ) FE 39
=1 B HET AT Hifsg

(i) Establish the relation between 1st law efficiency, 2nd law efficiency and
Camot efficiency.

1

() A reversible heat engine operates between two thermal reservoirs of 1000 °C
and 40 °C. The engine drives a reversible refrigerator operating between 40 °C
and —10 °C. The amount of heat transfer to the engine is 4000 kJ and a net
amount of work output of 1000 kJ is obtained from the combined engine-
refrigerator system. Determine (1) the amount of heat transfer to the
refrigerator and (2) the net amount of heat transfer to 40 °C reservoir. 15

{c) 2mx 3 m 3 TH A9 UigH TF TR | T WEHR @ Wl 8 b 3gh 3 m vl ST ¥ SR B4
3G U8l & AR WaTRd &1 W 8| 6 U H 9EE 991 €T =1 S FEE: 20 °C 3R 7 m/s
& | ufgshl W FRa T T9es ¥ w109 310 0-86 N 9m | ufgsn % fore ofma aes e ofaw

T[OTToh TT9 <hITT |
ag % fR 20°C a1 latm W T & p=1204kg/m>, C, =1-007 kJ /kg-K,
Pr = 0. 7300.

A 2 mx 3 m flat plate 1s suspended in a room and subjected to air flow parallel to
its surfaces along its 3 m long side. The free stream temperature and velocity of air
are 20 °C and 7 m/s respectively. The total drag force acting on the plate is
measured to be 0-86 N. Determine the average convective heat transfer coefficient
for the plate.

The properties of air at 20°C and 1atm are p=1.204 kg /ma,
Cp, =1-007 kJ /kg-K, Pr =0-7309. 10

4. (a) @Hﬁw-r%aﬁm/ﬁi%rs{aﬁqaﬁ@ﬁaﬁh (ﬂ%ﬁaﬁmm)ﬁmﬂaﬁmw e
B R 100 kN/m & 991 e &1 Ry -$R &83%a 0- 1 m? 3 ffersy, fme wimys
IFE 20 L B, a’gaﬁ200kpamqﬁﬁ3ﬁm300KmaﬁﬁEm%|ﬁ%@ﬁ@m
M @ S 36T A 50 L § IR I W T 21 Th 9led Rt 91 v =g 3ngfd oieq @
sirsdt 2 o arg 800 kPa, 325 K R Yaifed 8 W@ 21 Acd I 319 Wi & 71 @ o) a8 91
1 q9 d% 8L M <d1 & 5o d [ =t 1 T 9 919 e 800 kPa 3R 350 K 78 A
Sl §) $HF 9% died 95 B O a1 ® a941 WEeH i w8 et 81 Sifow srereen § @ s
R R GEIAT 87 ThA o SRH ST 01 1 (9o hifve ) o) % = €, = 1- 005 kJ /kg-K
a9l R = 0-287 kJ/kg-K =fifsu :

I...

URC-B-MCHE/46 5 [ P.T.O.



https://prepp.in/

www.prepp.in

A frictionless piston/cylinder is loaded with a linear spring (as shown in the figure
below) having a spring constant of 100 kN/m, and the piston cross-sectional area
is 0-1m?2. The cylinder having an initial volume of 20 L contains air at 200 kPa
and ambient temperature 300 K. There exists a stop in the cylinder which prevents
its volume from exceeding 50 L. A valve connects the cylinder to an air supply line
flowing air at 800 kPa, 325 K. The valve is now opened, allowing air to flow in until
the cylinder pressure and temperature reach 800 kPa and 350 K respectively. The
valve is then closed and the process ends. At the final state does the piston reach
the stop? Calculate the heat transfer during the process. Take C, = 1-005 kJ /kg-K
and R=0-287 kJ/kg-K for air :

(b) T Wfd-varE B-eh Fon fAFmim w 1-2 kg/s F R A @ H 20 °C 9 80 °C 0 T FHI ¢

()

A9 ) -FSfg Se, W 160 °C 991 2 kg/s FEAE YA€ T R Iqi=4 8, AW F1 )
=TT =[E Yaeil 19 arelt 3R 1:5 cm =™ H 2| AR Fua1 fafaRe o aqel e svawer 1ons
640 W /m?-K B, @ Jifsd a1 1 I8 S & forg sen fafmim & snawss oveang ma s
S 9T o-Fefa T AR Fenst # FE 4018 kJ/keg-K 3R 4-31 kJ /kg-K <R

A counter-flow double-pipe heat exchanger is to heat water from 20 °C to 80 °C
at a rate of 12 kg/s. The heating is to be accomplished by geothermal water
available at 160 °C at a mass flow rate of 2 kg/s. The inner tube is thin-walled and
has a diameter of 1-5 ecm. If the overall heat transfer coefficient of the heat
exchanger is 640 W /m“-K, determine the length of the heat exchanger required to
achieve the desired heating. Take specific heat of water and geothermal fluid as
4-18 kJ/kg-K and 4:31 kJ/kg-K respectively.

S W Wie GEA A o Byl ) wwEar § aueRe 6 el te e wea - =S g § S
Tfed e TS % ®9 F 991 U3 9@ N -8 =i B g 39! Ui v 9k §9 0 ™
TR BT § |

Explain, with the help of velocity triangles, why centrifugal fans with backward-
curved blading are used for forced draught fans, and centrifugal fans with
forward-curved blading are used for induced draught fans in a steam power plant.

URC-B-MCHE/46 &
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YUs—B / SECTION—B

5. (o) ifda &9 4 3= A1 P 1 st Al w2 & a3 $9 & §9 7 Th GRU & AR |
difsm, N wHo 3o T Ho 3o TSI T IYPHIZA &l FH Hl 2

__ | I'_qw;moﬁa? P————

- (F= /) (F=/Fm)

FY G 2

Give a comparative statement in the form of a table of the various factors desired to
be high or low which tend to reduce knock in SI and CI engines.

SI engine CI engine

Si. No. Factor (High/ Low) (High/ Low)

10
(b) T HHETY a1 GG UYia T & o d9H™ 8—sHEd 100 °C; FHHE de1 STaes 45 °C;
qifsds 2 °C. 93 hl Wefiaq &mar 125 kW a%i 93 7 S5 a9 180 kW 81 e UFT h1 K
T B | ,
() 3 1 freaEa one (e 3To Wo) AT el ST ST < I hINIT )
(i) TH IS T Al & 6 Sudw 9 & fi eEEEl § guR e 98 ) v =
00 kW T% %5 & M, wafs Wiiad &ua 9o Jomeq ao9E 9@ 6t wifd § @) 2| hl
gadl il S| shifsg |

The operating temperatures of a simple vapour absorption refngeration system

are—generator 100 °C; condenser and absorber 45 °C; evaporator 2 °C. The system

has refrigeration capacity of 125 kW and heat input to the system 1s 180 kW. The
| solution pump work is negligible.

| i} Find the COP of the system and total heat rejection rate from the system.

| (ii) An inventor claims that by improving the design of all the components of
the above system, he could reduce the heat input to the system by 90 kW,
while keeping the refrigeration capacity and operating temperature same
as before. Examine the validity of the claim. 10

(c) TS g 9aE 9@l 1200 r.p.m. T HH Al 8| RI€ & 30 90 6 =AM 1-1 m qAT A1 (T)
F =M 0-8 m 8| T a8 & ANy soie & AP 991 Fg 1 A 30° 99U 60° E 1 A<
e 39 Ve ® 769 W o ga % T8 60° & HIv | U 3o 2dqr 21 Ut & AX-IR &1 %
&g aga 1 w13 9o 9E Bar 21 () T § B AEaq YaTg = a7 (i) 99 H adiierd w

e =g7am =9 -3l qun wife @ Aaio A a7 F 9\ @ W 1-225 kg /m° dim)

An axial flow fan operates at 1200 r.p.m. The blade tip diameter 1s 1'1 m and hub
diameter is 0-8 m. The blade inlet and exit angles are 30° and 60° respectively with
respect to the plane of rotation. Inlet guide vanes give the absolute flow entering
the rotor at an angle of 60° with the plane of rotation. There 1s no change 1n the
axial component of velocity across the rotor. Determine (i} the volume flow rate
through the fan and (ii) the minimum torque and power needed to drive the fan.

Take the density of air as 1-225 kg /m°. 10

URC-B-MCHE/46 7 [ P.T.O.
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(d)

(b)

1-D 99u=Tdl YR % MR W, w3y F ww uRadim gawd el arieft o el aiees w
U &A1 M, uf=0e & &9%d A 9 Fr=aq gdiva R

A
A#

1

2

M

Yt 1

(14

¥ — 1

S |

2

W&l A* afel F1 YFAFA R AT M = 19 B G 8|

On the basis of 1-D isentropic flow, show that in a duct of varying area, the
Mach number M at any section is related to the area A of the section by

A
A’I

1

2

M

_Y+1

(14

Yy — 1
2

o

)

=y

Y+l
21ly-1)

e

where A* is the area of the duct corresponds to M = 1

didr 3 TEEe e e # HR 1o @

EIGIRd

Explain in brief as to why capillary tube is preferred to other throttling devices in
household refrigerator.

I I \TUAT & GIuer 1 IR IuYTh aHe

T dc I9H, W gg-9Fe }-WH W HEE §, F RMiaet I 250 mm 3N TiH Hl T
300 mm %) s 9 YER AU HAW: 10 9 6 §| 9 F Fded & Ugal YR I 9 aM
FAT: 1-0 IR F 27 °C €| R 3@ W &} Wi o, TR smaet | @ i e g ?) 66 T
wft @ fagel | T 3k am =1 Pyl fifse a1 o 6 ag-aFF g Ja Hilg) ™ &
Fahm AFad 61 it o Fifsw) 9 w1 P-V @ dwitg) 9 F ol oy =1-4 e
C, =1-005kJ/kg-K S

An oil engine operating on air-standard dual cycle has cylinder bore of 250 mm
and stroke length of 300 mm. The compression and expansion ratios are 10 and 6
respectively. The initial pressure and temperature of air before compression are 1-0
bar and 27 °C respectively. The heat added at constant pressure is twice the heat
added at constant volume. Determine the pressure and temperature at all the
salient points in the cycle, and the air-standard efficiency of the cycle. Also,
calculate the clearance volume of the engine. Draw the P-V diagram of the cycle.
Take, for air, y =1-4 and C, =1-005 kJ/kg-K.

T @rEl HSRU W) Sl T 12 TR &"aT & Wigq T/, S aifsds <61 §gu 9™ -8 °C e
qafs +1 da9EE 30 °C B, hl FEavaehdl 21 Sefiasw R-12 &1 Wl e ¥ W99 & Ugd 5 °C
Iugfiad au a4 ] HYiSSh § JGY 6 IEd aiad 8§ 6 °C faariua e S 21 9 ¥ 99T a1
1 faRme Fomd was: 14235 kJ/kg-K @21 0-733 kJ/kg-K =8, 91 (i) 9id o Wo yefida wwmH,
(i) wiet Tore waia weftaess o1 seawm awn (i) Feaem o (dio afic do) W@ Fieg) R-12
TSl % SAEvIE 7O1 fI-1a § -

URC-B-MCHE/406

: . T (kJ [ ke) Trdl (kJ/kg-K)
qggd a9 (°C) —
a4 qry =C | a7
-8 28-70 184-06 0-1148 07007
30 64-59 199-62 0-2400 06853
&
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A food storage chamber requires a refrigeration system of 12 TR capacity with an
evaporator saturation temperature of —8 °C and condenser temperature of 30 °C.
The refrigerant R-12 is sub-cooled by 5 °C before entering the throttle valve, and
the vapour is superheated inside the evaporator by 6 °C before entering the
compressor. If the liquid and vapour specific heats are 1235 kJ/kg-K and
0-733 kJ/kg-K respectively, find the (i) refrigerating effect per kg, (i) mass of
refrigerant circulated per minute and (iiij COP. The relevant properties of the
refrigerant R-12 are given below :

Saturation Enthalpy (kJ/kg) Entropy (kJ/kg-K)
temperature ("C) Liguid I Vapour | Liquid Vapour
8 2870 | 18406 | 01148 | 07007 |
30 | ‘6450 | 19962 | 02400 | 06853 |
20
(c) 50% JRGH WET ol Ueh 3efig welg Tiesh U8 o e aul V& =el # Fefaiad yem == 54
THR e & (e &/92q §/FRR A §), TP TF Gl % ¥ A TN5T
(i) &faek daHA
(ii) WAF <=
fiii) TIsY qI9AH
fiv) w4 <04
(v) ATUfETR o
(vi) Tug am
HettE T-s 3TR@ ot Gitg)
Show, in the form of a table, how the following flow parameters change
(increase /decrease/remain constant) in the rotor and stator blades of an axial flow
compressor stage with 50% degree of reaction :
i} Static temperature
(it) Static pressure
(iti} Stagnation temperature
(tv) Stagnation pressure
(v) Relative velocity
{ui) Absolute velocity
Also, draw the corresponding I-s diagram. 10
. 7. (a) YAEERE SR 6 9 99 A TG B 396 mS /min Mam w AW deedl, W 31 °C TH
aod IO 31K 18-5 °C 318 oo« a9AH R 2, ¥ Waw Hl 81 FSoll & IR H1 Gih qGHH
4-4°C %) FSch F U8 1 &% 39 TR & 6 98 ag 1 & ol vEw Eien 7 12:5 kW R
, wefiaa Tft) Feeh A Ferer arch 91y &1 P56 9w 9 18 Id QU q91 ST O W9 RIS
' (TR =T U8 o 10 & Ra m B)
| 39.6 m* /min of a mixture of recirculated room air and outdoor air enters a cooling
coil at 31 °C dry-bulb temperature and 185 °C wet-bulb temperature. The
; apparatus dew-point temperature of the coil is 44 °C. The surface area of the coil
| is such that it would give 12:5 kW of refrigeration with the given entering air state.
Determine the dry-bulb and wet-bulb temperatures of air leaving the coil, and the
bypass factor. (Psychrometric Chart is given in Page No. 10) 20
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(b) TF vaTe & % Tl farg w atfireremr f dem (M*) o arafas A% e (M) F d= il
gay wfua Fifsm

2 ¥+ 1)M"?
24y — YM 2

M#

T dTfeHl H T AfTerE wEE B @@ 9 7, e e sest fw oumn s a2 waE F
qiayaEE W & 7} =5°C, p, =65kPa a1 V =668 m/s. YOW ¥ HYER W AfyF
T, Wfqe T au1 Tey qEE F i) 9 F e C, = 1-005 kJ/kg-K @01 y = 1.4
efTiom
Obtain the following relationship between the characteristic Mach number (M*)
‘ | and actual Mach number (M) at a point in a flow field :

2 v+ 1Y &

M*" -
24y - YM?

A normal shock stands in a duct. The fluid is air, which can be considered as an
ideal gas. Properties at upstream of the shock are T; =5°C, p, = 65 kPa and
V| =668 m /s. Determine the static temperature, static pressure and stagnation
temperature downstream of the shock. For air, take Cp =1-000 kd/kg-K and

y =1-4. 20

(c) TEHART T T ATUHING: T AT AT SASHIZA I9H TP FHBR STHA F B4 & o0
faferret s =1 = o Wi & R & SUeR 21 B

Explain why most of the medium-sized automobile engines are close to square
shape with the cylinder bore diameter approximately equal to the stroke length. 10

8. (a) UF NG ZWE@EA €9 A 85% WA= qaren 9 §dies ¥ o9 1-0 &R 91 27 °C ¥ 6-0 4R T
% gdifea i s R) d 9 <61 B4 § ToRdl & el sun e s R R cEma §
00% UHT=M qerar W FERd Bl &1 <h H I7teay d9aH 1300 °C Bl $u9 &1 S| 9M
44 MJ/kg 21 3¢ 32 frm ot 3-0 MW &, & F=aferfiaa 6 mom i

(i) 91 ST, (if) F UM, (i) 91g 1 TAAE WA <, (iv) 95 FABE o @ua (kg/kWh)

AT 1 SHRIFH T & 0 R 56 F IRE 91 5 i % G0 § | A ingy ~in g 37 @
T 1 09 AT 919 = foIe, y = 1-4 @1 C, = 1-005 kJ/keg-K ST =% &1 T-s
am@ oft ©ifem)

In a gas turbine plant, air at 1':0 bar and 27 °C is compressed to a pressure of
6:0 bar in a compressor with isentropic efficiency of 85%. The air then passes
through the combustion chamber where fuel is added. The hot gases expand in
the turbine with an isentropic efficiency of 90%. The maximum temperature in
the cycle is 1300 °C. The calorific value of the fuel is 44 MJ/kg. If the net power
output is 3-0 MW, calculate the following :

(i) Cycle efficiency, (ii) Work ratio, (iii} Mass flow rate of air, {iv) Brake-specific fuel
consumption (kg/kWh)
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(b}

(c)

Consider the working fluid to have the properties of air throughout the cycle.
Assume in,; =in ... Neglect all other losses. For air, y=1.-4 and

C, = 1.005 kJ/kg-K. Also, draw the T-s diagram of the cycle.

wF oe-Rfisl IR-EF Tho Re 5, W 4500 r.p.m. | I8 W B, ¥ 190 kW Hih
Rl =0 F N B 3% S 28 32% ©l 9g/3ud U 1250 1 9 W 9 W
TR AT 68% B AR WiH /AN SHIE 0-8 B, @ rawds 399 R doun s 9 |
st &1 Fator IR fug %1 I=f" T 44200 kJ/ kg 991 GF 9 RO 1-013 SR A
15 °C | of} =il 2ad1 80% 2, A 3% fRne fuw @ya aun giya o gaman i o S
Rap = 0-287 kd /kg-K.

A six-cylinder four-stroke SI engine is required to develop 190 kW of power running
at 4500 r.p.m. The brake thermal efficiency is 32%. The air/fuel ratio is 12:5 1
and the volumetric efficiency at this speed is 68%. If the stroke/bore ratio is 08,
determine the engine displacement required and the dimensions of bore and
stroke. The calorific value of the fuel is 44200 kJ/kg and the free air conditions are
1-013 bar and 15°C. If the mechanical efficiency is 80%, calculate the
brake-specific fuel consumption and the indicated thermal efficiency.
R,;. = 0-287 kJ/kg-K.

U ey uias & qafatfim siR gue 7o =1 g7

What are the environmental and safety properties of an ideal refrigerant?
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