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MECHANICAL ENGINEERING (PAPER-II)

Time Allowed : Three Hours Maximum Marks : 25%

URC-B-MCHE

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
guestion 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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@UE—A / SECTION—A

1. (o) 9T AW Fara @ & Gdfies § viaw T 100 kPa 791 25 °C W TG A1 9 W Tl &
T 1 MPa 91 347 °C W 90 m/s 31 R 9N Pl ¥ wdie® T 1500 kJ/min 6 T A
&8 FA & au1 Uftew § ufn AW 250 kW A | wdeT § A T ) AR TEE w I9
$iform) v 3 fog Cp =1-005kJ /kg-K, C, = 0-717 kJ /kg-K 741 R = 0-287 kJ /kgK
o wfferey
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, G, =0-717 kJ /kg-K and
R=0-287 kJ /kg-K. 10
(b) TH 80O W W uy By v f wwm wRw, R W L=0.6cm, 3UR S
= 160 cm? 721 IO SR k = 60 W/m-K ¥, W far A smam wiza % st yg w
S T ol W & TR WA S GeE o @ 8 ) 5 Rl T sed o S §, 99
e % AT I8 F AH 112 °C 791 9161 ¥ ) T F I90 w0 A R off swn-gi w o T
@ gi—
) EF A ] el w@-ffe son wew ¥ R ceww wltw 9 gie whew =
Hifrg; |
i} THeT W T T Y SMUR IR § AR wRadT ¥ Rig w6 wnith A |
fiij) ST YB F qEA 1 el R -
Consider the base plate of an 800 W household electric iron with thickness of
L=0-6 cm, 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—

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

fii) obtain a relation for the variation of temperature in the base plate by solving ‘
the differential equation;

(iii} evaluate the inner surface temperature. 10

fc) & I9gH Wi FoE AL, N 78 wiw B B o e A o voafvs Siww A Al |
w1 Hl ) |
Decrive an appropriate equation to show that a divergent duct acts as a supersonic i
nozzle. 10

(d) & s T I IRt A, BA9 C % e i wal ¥) A e A 9 B ¥, S - 1
Ty AR Tp T R W@ T §, T A GHEAH A SENRG B B 0 FOWE C R, S T

A R 7@ T R, e RE Fwan R Rem S A e FhE, e D |

FHRE A 99 c%ﬁaﬁmtnﬁaﬁﬁq%%‘:m—mzu—a}%—.
B c
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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 T, and T respectively, and rejects heat to the thermal reservoir C
kept at temperature 7. The efficiency of the engine is o times the efficiency of the
reversible engine, which works between the two reservoirs A and C. Prove that

Ta _ o - —ala
T o - 1)+2(1 a)TC.

(e YT <5 3 ST T PRI e SR B T 7 Tos e 6 wwrEa @ W Bl e
AT W YT F WIS WA

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. fa) 3m =W A TH MR T, IO F 1 atm T 196 °C R ¥a WA @ wh W= R,
W frem A T aidh ag, 15 °C W aFERE S g quw Rfw siaon o
35 W/m?2-K % um ¥, # oiga ¥ qaeht i a6 MR SR w1 A e a2 S e
m@mm%lqﬁéﬂmﬂmm%méﬂﬁmmﬁmﬁwazmﬁuﬁmﬁﬁq,
aiR T ) IR T R, ) 5 cm N wRIOEE T AN (k = 0-035 W/m-K) d A ¥ aar
(i) 2 cm WA A, Frahl somwh F=0 wRm 0-00005 W/m-K §, 4 Afm 21 w& RIS L
H I FAT 198 kJ /kg 91 I 1 atm R T 810 kg /m> qH o)

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 /m?2-K. 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
is {i) not insulated, {iij) insulated with 5 cm thick fiberglass wool insulation
(k = 0-035 W/m-K) and (iii) insulated with 2 em 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) wmﬁmmﬁmmmmww@ﬁamﬂMWﬁmm%lw
AH T 7:0 TR R A F w3t ¥) A0 F s (W) W 3-6 AR 7@ W9 @ g ¥
T 3 F3 & =W FU: 538'5 mm A9 75 mm §) I F W W W F A 10m/s ¥
U ) T0E AS G M B FEH AR R o AR (o AR A e g e

10

Y -
HIH T F T
e smaaT fafie et fafire oz
*":;P i“g;' (m? /kg) (kI /kg) (kJ /kg-K)
} L]
vr Vg hy hy sf Sy
36 140-0 000108 0511 5886 27337 1738 6931
70 1650 0001108 0273 6972 27635 1-992 6708
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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 Venturi,
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 {0 be taken from the steam table as
given below) :

Properties of Saturated Steam

Specific volume Specific enthalpy Specific entropy
Pressure, P fsat .[m3 / kg {kJ/keg) (kd/ke-K)

(bar) =C)

vy Vg hy hg Sf Sg
36 140-0 0-00108 0511 5886 27337 1738 6931
70 1650 | 0001108 | 0273 6972 27635 1992 6-708

20

) UF udtew i 97 uiadi W % ®9 d 140 kPa, 17 °C 91 70 m/s R WM & B @@
350 kPa, 127 °C 991 110 m/s W AR P ¥ wiawm 7 °C 81 9 kg 97 TR
HRT—fi) w1 | TERF AETEE TE *F (i) <IN S w6 A A (i) WA A
st % Q) 9 & 7 ¢, = 1-005 kJ/kg-K a0 R = 0-287 kJ/kg-K #ifm|

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 T °C.
Calculate per kg of air for (i} the actual amount of work required, {tij the
minimum work required and (i} the irreversibility of the process. For air, take
C, =1-005 kJ/kg-K and R=0-287 kJ/kg-K. 10

3. (a) @m,ﬁﬁwsommaﬂummmmmwﬁsmﬁm%,m
e ST ST 140 cm 1 S a1 MY H 16l #1 SI9E 0-7 ¥) A 1@ 3000 r.p.m. ¥
a2 fofn 21 20° 3, T = F B stawEs w9 T 3w AR 9l S 9l fRo mo wEia
w1 3 e 3R st vaa w1 o Putor B @ = v e a B e § g ak <
TEAH TSR saee ¥ R e iy g # 9 wEton dafAE Wi W 9o §, A ST g H
wherereran gig i Torm Hif)

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
ratic 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. 20
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) () wum Fam g, fida fam e o e gmar § g9y wnie it

(i} T Nierrg S 9 S SRR, W 1000 °C 9 40 °C W F, ¥ 7 w9 @ 2
T wiosea weEifas, St 40 °C 9wt -10 °C * 1eA &, =i @9 W @ B T R IS
A0 W AE 4000 kJ @9 1000 kJ ¥ 3@ i w5 i wwn, s 99 wehf o
4 W At }) (1) weifew B e SFE Y A AN (2) 40 °C F I W S S
F 38 7 St T fifg)

fi) Establish the relation between 1st law efficiency, 2nd law efficiency and
Carnot efficiency. 5

(i} A reversible heat engine operates between two thermal reserveirs 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 ocutput 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

¢ 2mx 3m A CH I WRH T FR A 7 IFR T@F @ 2B wF 3 m ol o F | s
Ig% 81 F WAFIRR FAeE 9 W 31 G U0 & AR E a9l g 6 A HI 20 °C 3R 7 m/s
B iz W wH@ o fed 99 W9 70 0-86 N @1 @) qid ¥ R shaa dae o ofmw
TOTR T i
9y % fw 20°C 90 latm W T ¥ p=1.204 kg/m>, C, =1-007 kJ /kgK,
Pr = 0.7309.
A 2mx 3 m flat plate is 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
measutred to be 0-86 N. Determine the average convective heat transfer coefficient

for the plate.
The properties of air at 20°C and 1latm are p=1.204kg/m?,
Cp =1-007 kJ /kgK, Pr=0-7309. 10

4. (@) T THU-Ted Feq /e i w Wa B (R o 8 it ogar) ¥ wie e mn, e
8 féri® 100 kN/m ¥ 9u e 1 SITRI-F12 &a%dt 0-1m?2 ¥ fifer, Rrea wnits
AT 20 L ¥, 319 FY 200 kPa ag1 9RETft 919 300 K W safde ww &1 ffors # ww =i
TN R S TEE A 50 L 4 FR TN W I ¥ T aea et N o 9 smefd @ @
irgan 2 fSradl 9y 800 kPa, 325 K R waifed &1 W ¥ a9 W o/ @it e 7 R ofk = 91
F) T9 T IR AW a7 § 5 9% 5 it I 2@ a9 a9 FA9: 800 kPa R 350 K |
@1 T 3% 9R dted 92 IR oo wman & a1 v o aie § Seh ¥ sifow s § #n e
ViE R Ggea 27 T % A S s w1 Reie PR ag % R cp, = 1-005 kJ /kgK
W R = 0-287 kJ /kg-K whifem
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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 fkg-K
and R=0-287 kJ/kg-K for air :

i A4 5 A7 4

i
20

b} E wi-vare R-Teh Fon ARERE F 12 kg/s TR T F1 20 °C R 80 °C 0% W FA R
A9 W Y-GS, N 160 °C I 2 kg/s TR TA® R W I {, @ WW F B
AR = gaell SR Gl 3R 1-5 cm = $ ¥ afk Fon fafmira = @l s siao e
640 W /m2-K B, < =iftsa oo ) YW w0 ¥ fog o0 fafmim ) smaws @i 3@ fig)
et a1 Y-S T 4 fafte sl @ w418 kJ/kg-K 3R 4-31 kJ/kg-K ST
A counter-flow double-pipe heat exchanger is to heat water from 20 °C to 80 *C
at a rate of 1:2 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 cm. 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
418 kJ/kg-K and 4-31 kJ/kg-K respectively. 20

{c) TH ¥ e GEA A I Pogel B e ¥ anERe B ol W@ R Tra-a% <is B § I
TR v TR F Y g vk 9@ Rl sm-aw =is 2R € 3T Y vew ve $ w0 d =
@ B

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. 10
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@Wue—B / SECTION—B

5. (o difed ¥4 ¥ =9 @ A BN a Tfim w2 @) gemees %9 % 9 % TH 9l % AR 3
A, S o 3MZo 7T o 3Fo ToHT § ATTHIE 1 FA HaT 8

THo 3o o | Hlo 3o Fo
(z=/R=) | (3=/Fm)

&9 e g

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 Sl and CI engines.

SI engine CI engine

5. No. actor (High/Low) | {(High/Low)

10
(b) T G 1T FE wefiad % TEeH a9HE SR 100 °C; FHMA Tl RS 45 °C;
s 2 °C. 9F H yefaa g 125 kW a9 93 % o0 Faw 180 kW B) goH 9% w1 W
T Bl ,
(i) &3 T oA o (o 3o o) a1 T S A TW TA I
(i) % ARSERE TN w@l ¢ P ogw 7 % Wil oeEEl # gurR % 9 w1 FEw &
90 kW T F9 X M, Fafe Tefiet Gar oo Teneq e gd <t wifa & @ <
weaan i wife fifon |
The operating temperatures of a simple vapour absorption refrigeration 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 is 180 kW. The
solution pump work is negligible.
i) Find the COP of the system and total heat rejection rate from the system.
fii) 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, i0

fc} UE &g WATE U&N 1200 r.p.m. W FE T | AS F 3 W F A 141 m q9T TN (F9)
F ™ 0-8 m Bl TH 70 F TNG A F F=000 a0 FeiE B0 FE: 30° 99 60° §1 =i
Fiéa 97 Ve F AT W i 7 F TG 60° F FHv W FRIE TER 30 2| AR % A-IR H F
i EEa § F SeaE T Bar 21 () U8 A ¥ ged WA o 99T (i) 99 6§94 %
R qam a3l au it w1 Fafor iR 99 S 59 B 1-225 kg /m> i)

An axial flow fan operates at 1200 r.p.m. The blade tip diameter is 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 is no change in the
axial component of velocity across the rotor. Determine (i) the volume flow rate
through the fan and (i) the minimum torque and power needed to drive the fan.
Take the density of air as 1-225 kg /m3. 10
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(d) 1-D TUEZH yEE ¥ YR R, Twsy 6 o uiwddm dawa weh afEh & el aivede w
P g M, 9ieRe ¥ aa A @ Praq wafta & -
y+1

A =L[L[1+Y_“_1M2)]m
A* My+1 2
el A* e o1 QEwe § 9 M = 19 Al @@ 81

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
¥+1

= 2{y-1
A _1( 2 (1+7 lMg) tr-1)
A* Mly+1 2

where A* is the area of the duct corresponds to M =1 10

fe) e % gmwmsy R s weitfm § BREE A B o IR wmEl F ang w= e I G
¥

Explain in brief as to why capillary tube is preferred to other throttling devices in
household refrigerator. 10

6. (@) TH I o4, W AY-AFS R-F | FEE ®, 1 R 9 250 mm 3R gm it w=r
300 mm ¥ Tfisd 9 YOR STgUE FHI: 10 9 6 Tt 9 H TheT ¥ 9EQ IREF I o 90
FAT: 1-0 IR 9 27 °C &1 TR 3@ W & wh Fun, R wma = € = T 6 g 3w i
wft 7@ fargelt W @ sl T w1 Pufer i g =% B Tg-TFF @ T RRE FE F
JEE™ e B oft o fifvwl ww w1 p-V sa difigl g % R oy =1-4 3w
Cp = 1-005 kJ/kg-K wifsm)

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, = 1-005kJ/kg-K. 20

(b) UH G WERU R H TF 12 TR &9a $ wiia7 Ferm, Rl aifda =1 wg@ a9 -8 °C qwr
FufE %1 9799F 30 °C R, it FAEvawdl §) TEiaE R-12 % SWH 973 B a9 F 18 5 °C
Fagfian ad T $) Tfiew § W@ F we afedw § 6 °c Afaaiia s ¥ 3R 5@ o any
# fufie somd e 1-235 kJ/kg-K a9 0-733 kJ/kg-K &, W (i) Wit o Mo wflaq W,
(i) of% Fre e wefies #1 s=mm aun (i) Fsre s (fle 3o o) 3@ Fifm) R-12

wiftaes & ArEwas v Feeg ¥
. v (kJ /kg) Tt (kJ/kg-K)
agw ar (°C)
EC) g = Ci
30 6459 | 19962 | 02400 | 06853

-8 28-70 184-06 | 0-1148 07007
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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 1:235 kJ/kg-K and
0733 kJ/kg-K respectively, find the (i) refrigerating effect per kg, (i) mass of
refrigerant circulated per minute and (iii) COP. The relevant properties of the
refrigerant R-12 are given below :

Saturation Enthalpy (kJ/kg) Entropy (kJ/kg-K)
temperature (°C) Liquid Vapour | Liguid Vapour
-8 28-70 184-06 01148 07007
30 64-59 199-62 | 02400 | 06853
20
{c) 50% Wl WHN 1 U aftg vaTg Hiew Ue % Jet aw R =¥ A Reifw wew R
THT T & (Fg0 ¥/9e0 /R w ¥), TR o wRell F 9§ iy -
fi) AfE A
() wfaw <=
{ifi) Y HIHHE
fiv) =T
(v) SAfEE am
(vi} Fraaam
wafim T-s om@ +f =i
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
{ii) Static pressure
fifi} Stagnation temperature
! fiv} Stagnation pressure
{v) Relative velocity
{vi) Absolute velocity
Also, draw the corresponding T-s diagram. 10
| 7. (@) ARG TR B AG qw 4@ TG H 39-6 m? /min fm & i ehl, S 31 C YW
; To5 T 3R 18-5 °C 3T wow dOM W §, ¥ AW F §) Tl & IR 1 A qAOHH
- 4-4 °C ¥1 F3ct ¥ Y8 %1 4961 7@ VR ¥ 5 98 I F1 @ T vem e # 125 kW W
| vl 30| Feeh A Fre amw©h 9y A 6 Feq 9 A Te9 TOHM =1 YA U A A
- (WS 9 9B Ho 10 T o mn B)
39.-6m*> /min of a mixture of recirculated room air and outdoor air enters a cooling
coil at 31°C dry-bulb temperature and 18:5°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 v & % fe forg W stfirera e T M+ ) iR araiis e g (M) ¥ S il
w99 wiftm i -

i M2 - {y + M2
2+fy - yM?

TF ariet # wF ofiene W B o g g, e s sied e W s uw B veE ¥
FAFEE WM & T} =5°C, p; =65kPa W91 V] =668 m/s. Y9 ¥ FER W WAF
m,ﬁmmamwmmﬂmlm%ﬁmcp=1-005kJ/kg-Kamy=1-4
b & wfifSrg
| Obtain the following relationship between the characteristic Mach number (M*)
b " and actual Mach number M) at a point in a flow field :

2 (y+)M?

M =T
2+fy-)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
Y =668 m/s. Determine the static temperature, static pressure and stagnation
temperature downstream of the shock. For air, take C, =1-005kJ/kg-K and
y=1-4. 20

(c) wmETEe T wt srftemima: 7o ST T SfAHEES S T SiER Tl % 9) § R
Tafer R =1 =| T € f g % SR A 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. (@) M @R T 85% Wi @@ A Gitew # 91 1-0 4R 991 27 °C ¥ 6-0 9K ™
% gifEa 6 Rk ¥ qervEE 9 26 T4 B TRA ¢ w5t fu Pemn s ) ow N wme i
90% VAU gl W yaia Bl §1 9% § HAfteren aWE 1300 °C B a9 w1 SS| AR
44 MJ/kg 3 Fe Y& Friw wiw 3-0 MW 2, @t fraffaa i o $ifvm

(i) =6 HA, (i) T AT, (iii) AR N TEAR VR R, (iv) 3% A $47 @@ (kg/kWh)

WY {3 Frferd ot % 0 R T F WE TG F T F T E| WA in g = in g 378 a4
Tl 1 T W) Ay ¥ g, v =14 991 €, = 1.005 kJ/kg-K ¥R =% @ Tos
v o difr

In a gas turbine plant, air at 1‘0 bar and 27 °C is compressed to a pressure of
60 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/Kkg. If the net power
output is 3-0 MW, calculate the following :

fi) Cycle efficiency, (if) Work ratio, fiii} Mass flow rate of air, {iv} Brake-specific fuel
consumption (kg/kWh)
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Consider the working fluid to have the properties of air throughout the cycle.
Assume ing =inggees. Neglect all other losses. For air, y=1-4 and
Cp =1.005kJ/kgK. Also, draw the T-s diagram of the cycle. ' 20

(b) TF wB-RRFR TR-EF Wo AEe T, W 4500 r.p.m. W I W 8, @ 190 kW ke
frrfim T A R ¥ ¥ S TEA 32% ¥ T/ SPUE 12-5: 1 FU1 W W W
AR AT 68% ) Al WIS /IR U™ 0-8 &, M Tavgs oA A G ar 9 1w 6
frmett =1 Rafor i) $oa % sfig T9 44200 kJ/kg 90 GF I @A 1-013 IR a9
15 °C %) af =ifen 2wl 80% &, A1 3% fafte 9 wvd o g Feia 2am $ A KK
Rapy = 0-287 kJ/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 0-8,
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.
Rgir = 0-287 kJ/kg-K. 20

) T eH wellas ¥ wataia sl goa o €7
What are the environmental and safety properties of an ideal refrigerant? 10
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