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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 medium other than the authonzed

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 chronological 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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1.

TU3—A / SECTION—A

(@) T FT & S 480 °C W W &l & S 40 °C W AR oA &1 W T forw ) W

(b)

0-0785 kJ/kgK =g 91t 8| wid = fohr s ot = =1 Fufo Hifsw

In a Carnot cycle, heat is received at 480 °C and rejected at 40 °C. The entropy
of the sink increases by 0-0785 kJ/kg K per cycle. Determine the work done
per cycle. | 10

& WA 1y, T T [9g9-9% 79 @ o9 it Fm gaa ), 1 g@em man 7. 2
I g el W TH A G IERT A Ty, B A FlieA S SEwr & o o oFum 1, @,

gumwnc-nt'?:mﬁﬁ % forw dmn @ g =Ry

min

T wiigl w Treie™ T R whea difsre o wriEfia axg wh orenf A R

An open-cycle gas turbine plant with turbine efficiency 1, has a compressor of
efficiency n.. The minimum gas temperature is ... and after heating in the
combustion chamber, its temperature is T,,. If the pressure ratio for

compression and expansion is r,,, what should be the limit for the product

T
Me M- =7 |
Thin 1 |
Neglect pressure losses and assume that working substance is a perfect gas. 10

T AN N H, TE ik & oy fefdien See sgera dig

Eif_.=2_YM2 _y-l
X

7+ ] v+1
Stgl x 3 y VT @ TRt o 918 i et €, y TR Femait w5 orquE § 3 M #w wem
2l

Derive the following expression for normal shock in an ideal gas :

Py @ 2v _
it O3] v+1

e
where x and y are conditions before and after the shock, y 1s ratio of specific
heats and M is Mach number. 10

(d) @H q TR F Iesiwa (PRHTER) awen wF uoen fafwwn ofwws (Rewm Hfiee)

Ieesishare 0-8 3R 0-5 a1 3 92 oAt & 9 IR I TR W@ &3 S7ar 21 5 F 92%
ash FT 3107 2 B FH A o fore faferm afees i Icasiear a1 uton Hifsmg

A thin radiation shield having cqual emissivities on both sides 1s introduced
parallel to and 1n between two large planes with emissivities 0-8 and 05
respectively. Determine the emissivity of the radiation shield to reduce the heat
transfer rate by 92% of the original. | 10
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(e)

(a)

(b)

T AR @ae fufrer & el oft ofigh gul & S wa wam: 125 m? R 025 m? ¥
Rietst A werg 10 Cmaﬂ'{ﬁﬁlﬁﬁ#ﬁmﬂlﬂmdl o0 W/mK%IﬂﬁWlOO °C
a1 3 & forg, fafoer 4 @ fiw S s mem v v v @ agem SR

The outer and inner surfaces of a thick hollow cylinder have areas 1:25 m~ and

0:25 m? respectively. The thickness of the cylinder is 10 cm and the thermal

conductivity of the cylinder material is 50 W/m K. Find the radial heat transfer

through the cylinder for 100 °C temperature difference at the surfaces. Derive
the formula used.

T T a1y wiites (AR v Fer) %1 3 m? ¥% it 1 bar 3k 30 °C w FH
8 A & e siwma feen sman @1 A ® WA pul'? = const. & gr1 B @ &1 R

SWl & YW TSRS Y W I B IF F a9y & amiee geamm @ aifw gemm @
agma4%|ﬁ1=ﬁ%ﬁ’aaa:rﬁ?ﬁﬁq:

A reciprocating air compressor is used to fill rapidly a 3 m° tank at 30 °C and

1 bar. The filling process is governed by pv'® = const. The effects of kinetic

energy are negligible. The ratio of the final to initial mass of air in the tank is 4.
Work out the following :

(i) qF @i TR 3 FEm sterEs el

Draw the system and show the control volume.
(i) @t g TNl it gt s

List the assumptions made.
(iii) A A 2&FaT 90% =, @ Tfes 1 Hd 392 fraan grm?

What would be the work input to the compressor, if mechanical efficiency
is 90%?

1200 r.p.m.mmgwmﬂqﬁmaﬁmWSOO m3/minmm%tmﬂ
0-84 ! R & & ¥ | bar, 30 °C ® 48 bar a& wfifea A et }| 3R F
wig i (anszele) W Bw € 3t 80 m/s & WaTg an & @ & Srafiafda arn S wehr ¢ |
T st iRl e gt fiadl e @ I B ) |dn ore (e %) R 0°9 T S Eeeen
2| =8 ATBA TOH T&aW W 09 & «OR )

A centrifugal compressor running at 1200 r.p.m. delivers 800 ma/min of free
air. The air is compressed from 1 bar, 30 °C to 4:8 bar with isentropic efficiency
of 0-84. The impeller blades are radial at outlet and the flow velocity of 80 m/s
may be assumed constant throughout. The outer radius of the impeller is twice
the inner. The slip factor may be assumed as 0'9. The blade area coefficient is
equal to 0-9 at inlet.

(i) TR & fog waw I frin an fsiu aREe ot wem &t @ 7-s Im@ W Tuifzu)

Draw inlet and outlet velocity triangles for the impeller, and show the
process on a 7-s diagram.
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(c]

(v}

(i) afe Tt 3y 95%‘5‘1,6[%%3332311%53#?&%?%1

Calculate the input power needed, if mechanical efficiency is 95%.

(iti) JA9 3 T W §RR =W F1 9iEras Hifu

hCalculate the impeller diameters at inlet and outlet.

(iv) FA9 W gHIeR R foares (fewen) =g it =t aiwem Fifvm

Calculate the impeller and diffuser blade angles at inlet.

500 kg/min %! 3 ¥ YAEAH dol o HgW a0 W, 917 TF S fotmtas 76t 4 355 K |
YAY Fl ¢ 3 AT F(9 B AW ], Wi 98 3600 kg/min F € W §8d 5l 9 3 7 WK
2 S 286 K R THIK-Y¥a1g 1 fafmfis it gehesl Achl § Yo®1 T g1 98 AR Fad gu
foh Wy ST A1 UM 475 W/m <K &, dd & 78 o (2102 €2) 600 kJ/kg K &, @
25 mm &0 S, 2 mm W3 3R T3 4-87 m Fi fhant Aietdl o eka gl " 3
9@ AT R 2 m/s B RN B, @ A qE K wen @ et 5w % kg ¢, #
418 kJ/kg K 3R W1 % ¥9cd d 1000 kg/m*> efifsim]

The vapour, at the saturation temperature of an oil flowing at the rate of
500 kg/min, enters a heat exchanger tube, at 355 K and condenses while it is
cooled by water flowing at the rate of 3600 kg/min entering the concentric tube
of a parallel-flow heat exchanger at 286 K. Assuming overall heat transfer
coefficient of 475 W/mQK, latent heat of oil as 600 kd/kg K, calculate the
number of tubes required of 25 mm outer diameter and 2 mm thick with a
length of 4-87 m. What will be the number of tube passes, if cooling water
velocity should not exceed 2 m/s? Take C,, for water as 418 kJ/kg K and

density of water as 1000 kg/ms.

steram @t 1 o fafl o1 seme sad e Fefafiad wrael © At 0d Y 28T n o fofe T
VY Seqd HINIT
 ZHM 9 p, Tideh TG W, B 9T o, ﬁaaﬂa’mD EGSCNG,

Using Buckingham’s n theorem method, derive a relation for the efficiency 7 of
a fan which depends on the following parameters ;

Mass density p, Dynamic viscosity pu, Angular velocity ®, Diameter of the
rotor D, Discharge Q

<l Tl gae B3 A 3R B, 3TAT-37r GHEE! 6l I gy, ST & AW 12 mm 3N TS
] m i, & W@ 78 F 9 1 § 2, Nua aW 100 °C W 41 & W #) BT F ¥
20 °C T TRt d=a arg | Fr gU 3| a1 96 & 919 91 & w3 & J1Y-HiY Dol T 9
T o SMYUR 98 8 @ HE: 15 cm 3R 7-5 om fAfa Waet A 3 B % g8 AW SO 9|
gfd A &) amft #eA 3w ¢ fSad S IaEd 60 W/m K 81, @ S8 B sl ST ATeiehal
F B! ahnEe S gEt saRu ot f6 9g & fau siaa "aed e (Foae

RTFEREE) 5 W/m2K 31 38t A iR B & T 1 37awor &t &% o1 31T Hie g |
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4.

(c)

Two long slender rods A and B, made of different materials having same
diameter of 12 mm and length 1 m, are attached to a surface maintained at a
temperature of 100 °C. The surfaces of the rods are exposed to ambient still air
at 20 °C. By traversing along the length of the rods with a temperature sensor,
it is found that the surface temperatures of rods A and B are equal at positions
15 ¢m and 7-5 cm respectively away from the base surface. If material of A is
carbon steel with thermal conductivity 60 W/m K, what is the thermal
conductivity of rod B? List the assumptions made. Assume that the average

convection coefficient for air is 5 W/m2K. Find the ratio of rate of heat transfer
for rods A and B,

Th 3F X & < N9 i v fdw wnn @ @ S R, 9= 9% B @@ 100 kPa 3R A
330 KA TR 3 F Y X &F X § o 1@ & wn &1 5 70 w B 5ran R, R o=
ggH! 500 kPa B STdl ® 3 919 3¢ 900 K 8 W[l 21 314 9] ¢l X 3R Y ! @& =2
dicd dTell Fefl & g g fear s R @y weent wer ge TR ared § of 2R arew @) @
a% @ e o § " 0% fF e T@ ww @@ R, A 3 % srwadt @ arEm,

{9 3 g7 Wiepw i | 3% Fwmifta §1 1w & fon, AT R = 0296 kJ/keg K

FC, = 075 kJ/kg K.

A certain amount of gas is filled in a tank X until its pressure is 100 kPa
and temperature is 330 K. In another tank Y, S times the weight of gas in X is
filled raising the pressure to 500 kPa and temperature 900 K. Both the tanks
X and Y are now connected through a tube having a valve which is closed.
Assuming the gas 1s 1deal and if the valve is opened till equilibrium state is
achieved, find the ratio of the volumes of both tanks, equilibrium temperature
and pressure. The tanks are insulated. For the gas, take R = 0296 kJ/kg K
and C, = 075 kJ/kg K.

(@) ¥d N, Th Udell R acfl 20 mm @ & &l § 77 K R 739 Fdft @ it 3nfafds w9 3

gl 31 Ael) & a8l g8 H Igsienal 0-02 2! 39 Tl B 50 mm sfiaft g i w377 T4l
gl il g8 Y IR 0-05 B, & A< Gbga: (Fareme) 1@ fear sien &1 =gl 7eh
% offaft g8 ® 300 K T F7¢ @1 A g 3 AE & d9 & swwm i wreht | s
21 et ) gfd g Tra W g9 N, g0 YW e & i Sk

Fie 21 Y8l W Icesihdl 0-02 Frell ach dar i & i wieg &t ofiadt et st afagt &
sieele dehsd: S/ feon wma, @ Fefl i 9fd g e W 9 N, 80 9w Fea # yfawd
qitaea F1 fwaa fifs

Liquid N, enters a thin-walled 20 mm diameter tube at 77 K and {flows steadily.
The outer surface of the tube has an emissivity of 0:02. This tube is placed
concentrically in another tube of 50 mm inner diameter, whose inner surface
emissivity 1s 0:05. The inner surface of the outer tube is maintained at 300 K
and the space in between the tubes is evacuated. Determine the heat gained by
the liquid N, per unit length of the tube,
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(b}

(c)

If a thin-walled radiation shield with emissivity 0°02 on both sides is inserted

midway concentrically between inner and outer ’:cubes; calculate the % change
in heat gained by liquid N, per unit length of the tube.

U Tefl & <R 05 kg/sﬁi’(ﬁﬁﬁ@'ﬁ%ﬁﬁ, 180 °C & @M T Ja¥ & 34K
80 °C & 9™ W o1& [ areft 7 At g, 30 °C @ 60 °C a6 T fFn sy 31 v ofR
Tt R faRke et (wfufes fim@) 4186 kJ/kg K 3t 108 kJ/kg K &1 Uit &

TR AR 20 °C & 9Raw F afesh am & e sewera st # gfg =1 wieem Hifsg)

A fluid flowing in a tube at the rate of 0-5S kg/s is heated from 30 °C to 60 °C by

hot gases entering at a temperature of 180 °C and leaving at 80 °C. The specific

heats of the fluid and gases are 4-186 kJ/kg K and 1:08 kJ/kg K. Calculate the

change in entropy and increase in unavailable energy for ambient temperature
of surrounding of 20 °C. ‘

Tk T Taga-=% N g 99 4 91§ 1 bar, 288 K T Y91 &t # 3K 38H! 2 bar
gdifea foran wman B) 39 912 IAH! <@ FE B YW hA A g4 GAoAh A T TR Sran 8, el
3GH 1700 K & 9 a5 T™ fohan S 8 3R iR 98 a3 waw el @ o argueset T
o fawaria ot 21 weet 3Rz 6 auugiius eaa| wus: 87% 3 88% &1 €8 He
(FrrX) 3R Fom faFmfEm, welss Y serar 0-97 21 83 %% § 39 @ 04 bar 2| TETH
w0 faeniya fegq 350 MW 21 599 &1 elldl 5 42 MJ/kg 8| a@ @i C, . = Cpgas
= 1005 kJ/kgK 3y = 14 &

In a simple open-cycle gas turbine plant, air enters at 1 bar, 288 K and 1s
compressed to 2 bar. It is then heated in the regenerator before entering the
combustion chamber where it is heated to a temperature of 1700 K and then
enters a turbine and expands to atmospheric pressure. The isentropic
efficiencies of compressor and turbine are 87% and 88% respectively. The
combustor and heat exchanger efficiencies are 0-97 each. Pressure loss in the

combustor is 0-4 bar. Power developed by the turbine is 350 MW. Calorific
value of fuel 1s 42 MJ /kg. Assume C,, .= = Cpgas = 1005 kJ/kg Kand y = 1-4.

(i) T F HASH ARG (T THUH) F5Y 3 Tos 3TRW T A i ST

Draw the system flow diagram and show the processes on a T-s diagram.

(id) %@ﬁﬂéﬂﬂﬁmmaw?ﬁﬁm

Find out the mass flow rate of air and fuel.

fiii) TR ST AT R

Find out the work ratio.

(iv) FF &R HeM HiRT| f
Find out the thermal efficiency.

(v) TafsrE gum wua ar@ s

Find out the specific fuel consumption.
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WIE—B / SECTION—B

5. (a) T MW@ e9 C,H, ¥ %69 & INEI &1 fifeiiaa g=e @ 1 o6 0 37it@e ITatu g0 amn

(b)

(c]

(@)

(€)

g1 % :
CO, = 80%, CO = 09%, O, = 88%, N, = 82:3%
x AN y & M, IY-$u I i vy srfaf arg <t vl & Fafor fifsm)

The products of combustion of an unknown fuel C,H, have the following
composition as measured by an Orsat apparatus :

CO, = 80%, CO = 09%, O, = 88%, N, = 82:3%

Determine the values of x and y, the air-fuel ratio and % of excess air used.

ferft A ar9 % @R 91g A9 W FTAET & A & o, gereE vate 2 & wg ¥, Hifg)

Determine the expression for the ratio of chimney gas temperature to outside
air temperature in terms of mass flow rate.

grafshen TETE A U srqedn A, W F T 34 kPa (v, = 465 m°/kg) ® 3N A 3

(38 Faw) 0:95 21 36000 kg/hr &t ¥a18 3 & U, 2r@wen 950 kW fawfa s 2
W& 3600 r.p.m. W IO 3 ’R FGT@ H a7, A A7 H 0-72 A §1 VX 3R O ¥
sigl & Frim & 20° 21 3@ e | e AR W@ R g d I arem Hifs)

At a stage in a reaction turbine, the pressure of steam i1s 34 kPa
(Vg =465 m3/kg] and dryness fraction is 0-935. For a flow rate of 36000 kg/hr,

the stage develops 950 kW. The turbine runs at 3600 r.p.m. and velocity of flow
1s *72 times the blade velocity. The outlet angles of both stator and rotor
blades are 20°. Determine at this stage the mean rotor diameter and height of

blades.

AT Ararghed ¥t Wimids Tl @ F9E e s g 2, siafe o9 9y Was (Fer)
Fad & sITifers Tl # A BFU 51 Ted @) gEETEY, F91 | 3 SEL TR |y Weeat
% UEU

Mechanical air-conditioning can be used in all geographical locations, whereas
desert air-coolers can be used only in some geographical locations. Explain
why. Show the processes involved in both these equipments.

FOU g d94 WA & forg @i Aya ufoliy aued & @A & §9E S gW (§2 ) H5
TEAATS F SHITOFRG: (YHTeEAfec) amvwe R GaFsy, &l |

It 1s thermodynamically advantageous to employ a heat pump rather than
employing a direct electrical resistance heater for a room air heating

application. Explain why.
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6. (a):@z-@a%aaémméﬁﬁﬂmﬂooo kJ/kg & 399 901 & @W¥ 20 °C % GHF q9

(b)

(&7 ) @ e B mn) fefafan sifedl &1 -s@ae w@ ge gfa i 9% if,
A I 9% FUG qgel 1 IRSe AT qo S gof-99 F1=T
fHfeiet IR = 20 cm; @EB-EFTGHCHH= 1-3 : 1: TR = 500 r.p.m.; 5% §H 9
= 120 cm; I AW = 3 cm; Had 9% 4R = 460 N; gf¥a MEP = 2:8 bar; @
@9d = 3-7 kg/hr; Y% a7 90 R = 456 ke/hr, 27 °C F A9 IR F 9
FAHIR § yaw Fdl g3 TR W HwW W 320 °C IR awe Freerdt g8 9 @ am
220 °C; ¥a8 «W 8 kg/min & Y HaAlHIR 5a # oM 3fg 8 °C 2

~ A 2-stroke oil engine was subjected to a test at room temperature of 20 °C with

fuel o1l of calonfic value 44000 kJ/kg. Calculate the indicated and brake

- power, mechanical and brake thermal efficiency, and draw the heat balance

sheet using the following data :

Cylinder bore = 20 cm; Stroke-bore ratio = 13 . 1; Speed = 500 r.p.m.;
Brake drum diameter = 120 c¢cm; Rope diameter = 3 ¢m; Net brake load
= 460 N; Indicated MEP = 2-8 bar; Oil consumption = 3:7 kg/hr; Jacket
cooling water rate = 456 kg/hr with a rise in temperature of 27 °C;
Exhaust gas temperature entering calorimeter is 320 °C and leaving
220 °C; Temperature rise in calorimeter water is 8 °C with a rate of flow
8 kg/min

T G T T (GT)-9T9 &g (ST) 993 °, Ag @es (GT) ® Hes & arae § 9
H T FH § TEe fhal Sl €, Gﬁqmﬁﬁﬁéﬂ?ﬁaﬁaﬁiﬁmﬁmﬁﬁl GT = ™

A 8 8, < (FRie) a1 W9 15 °C R, Aehad 96 79 800 °C ¥ ST H 5 M6

ag & FgE 800 °C L <ar & 3t Mg «igen ¥ 100 °C W I FFadt 21 9™
Z@ed (ST) # W 3=w| 60 bar 3 600 °C W 2 (h = 36562 kJ/kg, s =
7166 kJ/kgK) 3R we@t @@ 005 bar ® (h, = 1378 kJ/kg, hg =
24238 kJ/kg, s; = 0476 kJ/kgK, s, = 792 kJ/kgK)| Fa Tt ?KYz
190 MW & fore arg 3t W19 & 37avaeh W4T &1 a1 §Yh TIF I GAY 1) 1 TR hifsie|
Feqar hifee f6 ot wry ey g1 §9 aE-3ER SIWd R ¢ WM g C =

Dgas

111 kJ/kgK 3R C, = 105 kJ/kg K @u1 %g 3 713 % fe7q y e 1-33

1-4 3| 97 YEIE W $6A Hl TN YA R Hl TSR RINC| A F OFAN HA

1433 MJ/kg ®|

'In a combined gas turbine (GT)-steam turbine (ST) plant, the exhaust from GT

is used to heat steam in boiler at which a further supply: of fuel is burned in the
gas, Pressure ratio of GT is 8, inlet air temperature is 15 °C, maximum cycle

-temperature is 800 °C. Combustion in boiler increases the gas temperature to

800 °C and gas leaves the boiler at 100 °C. The steam inlet in ST is at 60 bar
and 600 °C (h = 365362 kd/kg, s = 7166 kdJ/kg K} and condenser pressure
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1s 0-05 bar (h, = 137-8 kJ/kg, he = 24238 kJ/kg, s = 0476 kJ/kg K, Spg =
7-92 kJ /kg K}. Calculate flow rate of air and steam required for a total power
output of 190 MW and the overall n of the combined plant. Assume that all
processes are ideal. What is overall air-fuel ratio? Assume CPgas =111 kdJ/kg K
and Cpair = 1-05 kJ/kg K, and y for gas and air as 1:33 and 1-4 respectively.
Neglect mass flow rate of fuel on the airflow. Calorific value of fuel is
43-3 MJ/kg. 20

(c) TUET f& 3% ay A % 9 F 7 kg w e F=fafag g wem R
h=C, XxDBT +2500w

& C, =3 arg fafie Fsm = (1-005 + 1-88w), w = fufiw andm kg/kg T a7y,
W & fflt 0 °C @ hy, = 2500 kJ/kg W 3 DBT = y[eh-ded a4

Show that the enthalpy of humid air per kg of dry air is given by
h=C, xDBT+2500w

where Cp = humid air specific heat = (1-005 + 1-88w), w = specific humidity
kg/kg of dry air, hep = 2500 kJ/kg at O °C for water and DBT = dry-bulb
temperature. 10

7. (a) () 5@ H Hifdw ow gaa (ERFa hw Wett) & fog o o sgeaw g aiwa #
|y (Jfen) i wear w5 wy fifem)

Derive an expression for critical pressure ratio of a nozzle. Explain the
phenomenon of choking in the nozzle. 10

(i) T W faygq LA Pefola == o a3 @
W9 F1ae 718 150 bar, 550 °C (h = 34504 kJ/kg, s = 6:523 kJ/kg K);
40 bar W 550 °C @& §:dM (h = 356034 kJ/kg, s = 7-235 kJ/kg K);
0-1 bar R&SW (h, = 191:8 kJ/kg, h,, = 2392:05 kJ/kg,
sy = 0649 kJ/kg K, Sf, = 7°5 kd/kg K|
eyl WHAT 1 HHEH 9ad gU, WaTeA Feras 1 919 A a5 gl 3t 99 WaE
g gt kWh e $ifs

A steam power station uses the following cycle

Steam boiler outlet 150 bar, 550 °C (h = 34504 kJ/kg, s = 6:523 kJ/kg K);
Reheat at 40 bar to 550 °C (h = 3560-34 kJ/kg, s = 7235 kJ/kg K);
Condenser at 01 bar (hy = 1918 kJ/kg, hg = 2392-05 kJ/kg,

sy = 0649 kd/kgK, S = 79 kJ/kg K|

Assuming 1deal processes, find quality of steam at turbine exhaust, cycle

efficiency and steam flow rate per kWh. 10
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(b) - T AR 999 U, 9 gelen Thh Fol (e 6 a1 &1 4500 cmm AT H@ 2,
¥R & IFER 40 °C DBT, 27 °C WBT W 20% @ g1 @1 25 °C DBT 3t 50%
RH W 80% TA-afwafa zan et 31 9 wie Feeht (Ffem Fita) @ 13 °C W §g9 a1
Heardt 81 Fa1 IiaT YR AR F8 o dY H 9iead IR

ZorT DBT WBT RH |  fifiw adar P
L O 1 O | (ke/ke T T1) | (kd/ke T 913)
aEday | 40 27 | 172 | 85

el BEE | 50 10-0 | 50-8

! ‘ ADP 13 100 94 37:0

|
. The air handling unit in an AC plant supplies a total of 4500 cmm of dry air

which comprises by weight 20% fresh air at 40 °C DBT, 27 °C WBT and 80%
recirculated air at 25 °C DBT and 50% RH. Air leaves the cooling coil at 13 °C

saturated. Calculate total cooling load and room'heat gain ; 20
Condition DBT WBT RH Sp. humidity Enthalpy
(°C) (*C) (%) (kg/kg of dry air) | (kJ/kg of dry air)
Outside air | 40 | 27 | r 17-2 85
Room air 25 | | 50 | 10-0 [ .- 7;{):8_-
ADP 13 100 9:4 ) 370 ) 2

o) | Rl S 4-S, 4-Rife dve SR 3 gy 3§

et =W = 36 cm; €% = 40 cm; R = 315 r.p.m.; §=&d MEP = 7 bar;
8% With = 250 kW; 3¢9 @9d = 80 kg/hr; &allll 9 = 44 MJ/kg; 1Y @9
= 30 kg/min; a9 ¥ 38 °C & §gd & ¥Y 9=1a a7 S = 90 kg/min; RFME
M@ a9 = 324 °C 3R §AM a9 (§9 &) = 45 °C; C, = 1005 kJ/kg K,
Cp... = 105 kJ/kgK, C, = 2:093 kJ/kg K| e 7at # w19 o1 7RI

Pgas
g™ 0-03 bar I $ET 4 ¢ 13% H,,.

ﬁﬁmam,qﬁﬁwﬂan,ﬁﬁﬁrﬁmémmdm@a@rﬁmu’a%mms‘m%m
S Jo-T9 e

The following data refer to a 4-stroke, 4-cylinder diesel engine :
|

Cylinder diameter = 36 cm; Stroke = 40 cm; Speed = 315 r.p.m.; Indicated
MEP = 7 bar; Brake power = 250 kW; Fuel consumption = 80 kg/hr;
Calorific value = 44 MJ/kg; Air consumption = 30 kg/min; Cooling water
circulated = 90 kg/min with rise in temperature 38 °C; Exhaust gas
temperature = 324 °C and Room temperature = 45 °C kd/kgK; C,
= 1-:005 kJ/kgK, Cpgu: 1:05 kJ/kg K, CPstf:ami= 2093 kd/kg K. In
exhaust gases, partial pressure of steam is 0:03 bar and fuel contains
13% H,.
Find mechanical efficiency, indicated thermal 1, brake specific fuet
consumption: Draw heat balance sheet for the engine in hourly basis. 10
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8. (@) () kR, T 4¢¥ IF 35 °C 3N -15 °C & a9t W Gfhar Ftan 81 @ il COP 31X
gfd &1 weiaa (Shierem) & fag HP & fulta fifsm
Jfaan
20 K 40 K
{ hf he Sq “h S h s
C) | kJ/kg) | (kd/kg) | (kI/kgK) | (kd/kg) | (kd/kgK) | (kJ/kg) | (kJ/kgK)
35 | 695 2015 0-6839 2164 0731 2310 07741
-15 181-0 07052 1932 0-751 2057 07942

An R,, simple saturation cycle operates at temperatures of 35 °C and
-15 °C. Determine the COP and HP per ton of refrigeration of the system : 10

Superheated
20 K 40 K

t hf h.g SQ h S h S

(C) | (k/kg) | (kJ/kg) | (kI/kgK) | (kd/kg) | (J/kgK) | (kd/kg) | (kd/kgK)

35 69-5 201-5 0-6839 2164 0-731 2310 07741

-15 181-0 ‘ 0-7052 193-2 0-751 2057 0-7942

(ijj TreA g AR Wid FJ & AR Al & 9 fadeq fifsw
Differentiate between summer and winter air-conditioning processes. 10

(b) Tl Im-gAifa AT @E 9 <y (efime) g & 3|9 <@ Fl e saeged o
I3 GITIE: aN-HaNG Bl 81 08 & 27 an-gaifed 3T SE-Ehtea e el o e
3 aM & = & 3™ g9

Even though velocity-compounded impulse turbines are less efficient, in the
initial stages of high pressure turbines are normally velocity-compounded.
Why? Plot the variation of pressure and velocities in velocity-compounded and
pressure-compounded impulse turbines. : 10

(c) Uk WM fagd 993 3Tesl qAgwe b 9% W Iodd ¢ 9¥ WEgd 8 6 MPa, 450 °C W
wau Al & (h = 33018 kJ/kg, s = 67193 kJ/kg K) 3R F8 8 20 kPa W gfad
@ 9t ® (h, = 2514 kJ/kg, hy = 23583 kJ/kg, v, = 0001 m°/kg, s,
= 0-832 kJ/kgK, sp = 70766 kd/kg K)| O 5@ q9F (IR ¢ H ™ FR H
fog, W @A @ 04 MPa W fassida fohan St & (h, = 60474 kJ/kg, v,
= 0001 m®/kg, hy, = 21338 kJ/kg, s, = 17766 kJ/kgK, s,
= 51193 kJ/kg K}| 9H! 901 9@ a9% ¥ W 59 o &4 ° agt Reaar 21 T-s 3mM@ ©
= i geTge 3R fad #1d 3m3eye / kg WY, I @ digert 3R Hufta gaand de fifs)
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A steam power plant operates on ideal regenerative Rankine cycle. Steam
enters the turbine at 6 MPa, 450 °C (h = 3301-8 kJ/kg, s = 67193 kJ/kg K]
and is condensed in the condenser at 20 kPa (hf = 2014 kd/keg, hfg = 23583
kd/kg, v, =0001 m° /kg, sy = 0832 kJ/kg K, s¢, = 70766 kJ/kg K). Steam is
extracted from the turbine at 0-4 MPa (h, = 60474 kJ/kg, v, = 0-001 m° /kg,

hfg = 21338 kJ/kg, Sf = 1-7766 kJ/kg K, Sg = 51193 kJ/kg K) to heat
feedwater heater. Water leaves feedwater heater as saturated liquid. Show the
cycle on T-s diagram and find net work output/kg of steam, the boiler and
thermal efficiencies of the cycle. | ' 20

x % K
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