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21 (a)

In a 25 tonnes absorption refrigeration system the heating in generator is carried out by
using steam at 3 bar and 90% dry. The refrigeration temperature is -15°C. The condensafion
of the refrigerant is carried out at 40°C using cooling water. Determine:

() Maximum possible C.O.P. of the system and

(i) Quantity of steam required per hour to run the plant if the steam leaves the generator
as saturated water at same pressure. Assume relative C.O.P. = 0.35.

From steam tables we have

At3bar, T, = 1335°C, by = 21632 K|/kg

[12 marks]
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Q.1(b)

Air at 12°C flows past a flat plate 1.2 m wide and 1.6 m long. The plate is maintained at
88°C temperature and dissipates 3.95 kW of energy. Determine the convective heat transfer
coefficient and the velocity at which air flows along the length of the plate. At the mean
temperature of 50°C, the thermo-physical properties of air are:

p =1.09 kg/m? k =0.028 W/m°C; Pr = 0.73; ¢, =1007.5]/kgK

and u = 2.029 x 10 kg/m-s

Use the following correlations if required:

o

Nu = = 0.664(Re)" (Pr)** for laminar flow
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Q1 (o)

(&)

What are the functions of condenser in a refrigerating machine? Name different types of
condensers. Describe with neat sketch the evaporative condenser.
[12 marks]
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Q.1(d)

Saturated steam at 120°C flows inside a copper pipe of thermal conductivity 450 W/mK,
having an internal diameter of 12 cm and external diameter of 14 cm. The surface resistance
on the steam side is 11500 W/m?K and that on the outside surface of pipe is 20 W/m?K.
Determine the heat loss from the pipe if it is located in space at 30°C. How this heat loss
would be affected if the pipe is lagged with 3 cm thick insulation of thermal conductivity

00W/mK? 2 11500 B, ho L 20 YWmbi -
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Q1 (e)

Saturated air at 5°C is required to be supplied to a room where the temperature must be
held at 21°C with a relative humidity of 55%. The air is heated and then water is sprayed
to give the required humidity. Determine the mass of spray water required per m? of air
at room conditions. Assume that the total pressure is constant at 1.0132 bar. (Refer steam

table for the properties of water vapour in moist air)
[12 marks]
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Q2 (a)

The following data refer to a steam jet refrigeration system:
Condition of the motive steam = 10 bar, dry saturated
Temperature of water in the flash chamber = 6°
Temperature at which the make up water is supplied = 22°
The pressure at which condenser is operated = 0.06 bar
Nozzle efficiency = 0.85

Entrainment efficiency = 0.65

Compression efficiency = 0.8

The quality of steam and flash vapour at beginning of compression = 0.9
Determine the following:

(i} Mass of motive steam required per kg of flash vapour.
(i} Refrigerating effect per kg of flash vapour.

(iii) The coefficient of performance of the system.

[Refer steam table for properties of steam|]

[20 marks]
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Q.2 (b)| A hemispherical cavity of radius 0.8 m is covered with a plate having a hole of 0.3 m
diameter. The inner surface of the plate is maintained at 560 K by a heater embedded in

the surface. Assuming the surfaces to be black and the hemisphere to be well insulated.
Calculate:

(I) the temperature of the surface of the hemisphere
(2) the power input to the heater.

[20 marks]
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Q2 {9

e

Ambient conditions for an aircraft cruising at 1200 km/h are 0.35 bar and -15°C. The
cabin temperature is 25°C and turbine exit pressure is 1.06 bar. The pressure ratio of
compressor is 5.0. Assuming 100 percent efficiency of ram effect, compressor and turbine
and ideal heat exchanger, determine for simple gas refrigeration cycle of 30 tonnes

capacity.
{i)y Temperatures and pressures at all points of cycle.
(i) Mass flow rate and volume flow rate at compressor inlet and turbine outlet.
(i) Work requirement
({iv) Coefficient of performance of cycle.
Assume : ¢, = 1.005 kJ/kgK, R,,. = 0.286 k] /kgK, y=1.4
[20 marks]
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Q3 ()

(i} List the assumptions made while analysing the heat flow from a finned surface.

(ii) A turbine blade 6 cm long, 4.8 cm? cross-sectional area and 12 cm perimeter is
made of stainless steel of thermal conductivity 110 kJ/m-hr-deg. The temperature
at the root of the blade is 520°C and it is exposed to products of combustion passing
through the turbine at 880°C. The film coefficient between the blade and the
combustion gases is 1200 k]/m?-hr-deg. Determine the temperature at the middle
of blade and the rate of heat flow from it. The blade may be treated as a fin losing
heat at the tip.

[6 + 14 marks]
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Q.3 (b)
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A Freon-12 VCRS installation has the following data:
Refrigeration capacity = 20 tons
Evaporator temperature = -10°C
Condenser temperature = 30°C
Temperature of refrigerant superheated as gas in evaporator = -5°C
Temperature of refrigerant subcooled as liquid in condenser = 25°C
Compressor particulars:
Number of cylinders = 2
Stroke = 1.5 times the bore ,\\
r.p.m. = 1200
Determine the following:
(i) refrigerating effect per kg
(ii) theoretical power
{ii) coefficient of performance
(iv) bore and stroke and compressor
Saturation | Absolute Specific | Enthalpy of | Enthalpy of | Entropy of | Entropy of
temperature | pressure volume liquid vapour liquid vapour
tice p bar v, m’/kg hek]/kg hekl/kg | skI/kg®K | s; k]/kg®K
-10 21928 0.07702 190.72 347.96 0.96561 1.5632
+30 7.4457 0.02372 22911 364.96 1.0999 1.5481

Take: Liquid specific heat, ¢, = 0.963 k] /kgK
Vapour specific heat ¢, = 0.615 kJ/kgK

[20 marks]
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Q3 (o)
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An existing heat exchanger of 24 m? surface area is to be used to condense low pressure
steam. The cooling medium will be feed water available at 42°C, its flow rate being
0.94 kg/s. The overall heat transfer coefficient is estimated at 130 W/m?K.

Calculate the quantity of steam condensed and the exit temperature of the feed water. At
the condensing pressure steam has saturation temperature of 100°C and latent heat of
vapourisation is 2257 k] /kgK. Assume that the steam is initially just saturated and that
the condensate leaves the exchanger without sub-cooling. How would the performance
of the exchanger be affected if the overall heat transfer coefficient can be doubled by a
modification of feed water flow through the exchanger? Take C, of water 4.187 k] /kgK.

[20 marks]
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Q4(a)

900 kg/hr of cream cheese at 16°C is pumped through 1.6 m length of 9 cm inner
diameter tube which is maintained at 98°C. Determine the temperature of cheese
leaving the heated section and the rates of heat transfer from the tube to the cheese.
The relevant thermbo-physical properties of cheese are : p = 1150 kg/m?;
n=22.5kg/m-s; c, = 2750 J/kgK; k = 0.42 W/ mK.

Use the following correlation for Jaminar flow inside a tube

d
hd 0.067TRePr

Nu=—=365+
k

0.67
1+ 0.04(7RePrJ

[20 marks]
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2.4 (b}

Air flowing at the rate of 120 m®/min at 40°C DBT and 50% RH is mixed with another
stream flowing at the rate of 60 m®/min at 26°C DBT and 50% RH. The mixture flows
over a cooling coil, whose ADP temperature is 10°C and by-pass factor is 0.2. Determine
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 estimate room sensible heat factor
and cooling load capacity of the coil in tonnes of refrigeration.

[Refer Pschrometric chart attached]
[20 marks]
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Q4 (c)

(i)  During heat treatment, cylindrical pieces of 26 mm diameter, 32 mm height and at 30°C
are placed in a furnace at 760°C with convection coefficient 84 W/m?-K. Calculate the
time required to heat the pieces to 620°C. What will be the shortfall in temperature if
the pieces are taken out from the furnace after 270 seconds? Assume the following
property values : p = 7850 kg/m?; C, = 480 J/kgK; K =42 W/m-K.

(ii) Draw a typical boiling curve for pool boiling of water at saturation temperature
and atmospheric pressure. Mark each boiling regime and explain briefly its various
regimes.

[10 + 10 marks]




MRDE ERSY4Y Question Cum Answer Booklet

Page 33 of 74

Do not
write in
this margin




MRADE EASY Question Cum Answer Booklet

Page 34 of 74

Do not
write In
this margin




Do not

MRADE ERS4Y Question Cum Answer Booklet | Page35of 74 [¥en




Do not
write in
this margin

Page 36 of 74

OrgLe” ::,. T FGEFE EXLO0 CICGL GRIODLOD N | GEREL00TN  OF RIOC O 0E6E° LT 1G0T | 21087 |2 5108 L OE S 681E 61 01E | 001a s | SaGea o e] L1 1s] asin

L CEE OLEEN ] ERCOT NSLDOI00D | ZO00L00°0  6E ORI WR7H°L LT |EO1IE | 2O 6EE SHYN

L COT1E LTGGT EE OUGCT ] ROCTTE STLONTOU D [ REEY R GLEO0 | I'RIET | Y98 T 21 ; QoD
ONGLLLETE'R TeuT GGTST £'521T S6TCT] LE2°GE  DL000T00°0 AN oLy LT2ET (R80T GOL0e | TEAE Griog | & losteornee creed | 9sun
CEIRL TS0 8| L0%16G°0 | ¢ ¢IrT 1051 O°FEre 08050 G265 0ron0ron0 a¢ 0BERLG * ULEYT | 8C74U6T, 96T GF CILTOT00C | 2800
DOFRL LTSGR SI6DGE 0| 67 LIIE OO OTRIE T GUZTCT | SHNNToo o i RIROE WEST Y GIRE 1Y [B5 , RE00
BOLEL VTR [ CCTRE0 | S ORLE SR N B FA rd 09C9E  0LSONTIN 13 GUI9E CRIE T TNe [PEGIOTO0G £LOLS PO

6ROOZ | 217150 | GgerT Mrinown seoaal 0z0 o

WE |06 T1Z | (EUtE LESTATO00 | SGL LY Ri0Y
09| 2012 LGHTE CETEE | 90816 | TLHTOM0T) | £TE°5E | 9100
RUGEE | GO'GIE | UOFIZ (S66GIE | 160°01 |SERTOIIY | 2142 110D

LEREL 0021E RGG'LT LECWLODD | SE04500'0  £n
GOPEL LRIPG GO'FEL] OZCGT COS00T000 | GGLE000 OF
147 LR IRGLL | LCT s SLEDnTy | aoGtions 1k

FELGZELSE S| T6LLP 0| LZerT
2067 R1 US| BSrOE 0] 1SarT
DERGTL [ 9IEER | CL0CE 0] 17LEKE

UL LEGT
ORTT L OFRG L TOCLLT
GLGe L 180 = 1996L

GGIPTIEL 0TI | RIZZE IUY00T00°D | OLrEEO00 O

aroe GLOEI'O|§'GErT
DOHYR|GEL FOEEE 0| TE8Ie
CIRFS EEGH'S | ROGOT'O | 9T ELT
16118 m._\_,r..m. SI4GGE0| 690IE | 10552
IEG1 R | RULSS | L3 18870 | £BUrE | §'8rYn

1| e A seomno il Saisainl o SBEE 2| OLE08 | LILILO| M6LET | 1HOSE | LOGIE )
=y .r.._. ..._..A:” ._.: ! ._ :_w:._ _. Al LENEL | BERO'S SEOGON | FERET | £T065E 167008 OG°90F | Neg ST10L000 | GGl ZI00
GEMITILELTT| 22P0E |ESEOOTO00] TE82E00°0 | 8T LINVL VTR | ZLEL0'0| G LRET | 22897 | COGGT (0661 12U | 01LI0r00n | £x0°28| 11000
STITTIGIEIT] PLd S6 TSE00100), [595E00°0 L2 OGELL| SRIT'8 OF6I9'0 | 1'E6ET | G'ERCE IR IGT | 2812 08161 02911 | LEOTOT00D {90876 | 0T
GOLG Ie0L) SLUTUE LZEDDLOWO | HLOLEO0TD 4T IS 209 f_ _Ez.. R NeEEE T 96£76T  ERGONL00T0 | LOS T L6000

o ol ﬁuﬂ::cc.:“_ﬁ:,_m LG

PHSTR|DOUUR EEA0E 0| LTFFE| GOPGE | EXFDL PGOTE  ERENT | LEEEE LU VRIS Grgu 1. RGRI'S | OLT04 FONEE GGUD1 [ OFGOBION D | 1OLE1| 06000
DSEL S| IRLG R BIRLL O | O TEFE | 2 TI6E [ €900T 72018 9l | fULCT  <AZ00T0 0 [ 4862000 FE GRGE L IOO00N :;.u:, LU 29N | U RerE | G021 LGRO0LLUD X000
20048 if SOGEE0 | YOrPG | GErGSd | OFG6  PO0rE 996 | XPCSE 1LgonLon LLsznon £3 {f _ 9L CAZTR 61T ,.:. Ieore 4 TRELLIPIENG &8 m.: i GOORT (NPROOTO0D (=00°0
LOBER | LICH 8] H6FES 0| WSEPT TG UGOFE STE6 | NIETIE INLOVa| esraanon. 7n : I0GE'S | 20920°0 | £°90VE | 0P ST | C2ROT | N 6TIE PLROT | QUSOOLOND | OGE O | S200°0
DESE S [ Z010R | 201870 | & 1YET NUSN  LEOIE . OUKRS | ERETTE conDn o] axsiaao . 1 FCTL LRSS COGLL0 | FROFE L1288 e&r g0l [orsaets  Hre9n OGLOOTOND | O00°GE 02000

HOOL L[ LO0DE™S | 09014
DGGE'S  CR0TLT

[ TG E09SE 1O LET | T 0TET 007 L8T ) GOO'EZ | 66I00LO0T0 | L ;| 9000
CCLPE 9T09%E SEIGT | TRTET ......._m__ SRUEZ [CPO00L00D | GG | 080070

LOLIC ERI0DINY O] E6RECO0TN 0T

P08 T
QUETO POTDOTHNOEXGIZ00D 61
1

s

&F962°0 | CEOHT
S1ENE0| BCUIT

1G°€8 €00
ELGL HOOTT

LEIre £RIOZ°0 17| % 146 OGOSE QGG PR CrIDlo 0| Lro0zoon GECE'S GHGHIOIGRTIE [ 88998 ST | [eelT [ EOLEE OGSDOTDD ISR E500°0
GOSTR LTS 0| 000TT 0EEGT | DO 1L &'868T 007G L2I00T00°0 | MREGION'D 4 QLG L | REGE™S O0ZO21°0 O ETIE m.._._.w CLAETINGIPG Nl LECOOTON D | PLREE | 0L00

QNG L ETEES GOS0 [ 1V 2aers
QIO | P2 GEERT0 | 2iTe
A1 _._/..:«_m...r_ GELGETD | 0UElE
SESDN [ERCO ...H._mwn.::.. e
TEOR W [ RHOE QIREE 0 99T E
PGS | 20UO0N GEROG0 [ SRLIE |

AG°GET |27 LIRE
[5350 P20 N LH od P
et e
GE4061 7601
G106 | VHHE

LHER Gl T

€118 LLrnarnon 21071 Crono
AILO0INoD 0968 Orono
RECOO DD [ EC1LT | OR00°0
K:00100°0 /,m.H.mN‘m...ﬂ::,c
| GELSE (GITOM 00D | SE6°ET RE00°0
| LAY EGTOOTUO | PTG | 1ENrD

ORELL DLIDDIOY D RSIRT000
GINEL THODD IO | RG0LTO0)
hGL o VODTeH D 0GGSTHO)
RZSGLUO| UOLET | 2 TEGR | DOFC STAEE FONCER  LONODLODO | (S6ELA0D
1908170 UELPL | B RRSE | L0S FIAGT GLZEG  Connuoy () Re0F 1004
RILEGATD | RVLLG VIRST | €691 ONBER 200 | IRZGH  FRO0NTo0ra  0ETHE 0

DNTH'Y
NGGUw
fELLR
[FARI
202
BHOLR(T

LOSESTO | DEPG | Z0ELE | LITLY §TO6EE
PUOrG NGEY i
0GGOZ0 | L7LOFG | 50208 | GL'SU

°2

nen

CNJ__,.?_,,.-HN.....Z 9ennso | WEO9 0T

| t g Oz

ISPLRIRGOS'R G010 2210 £'61GT ) TOTE O'8EET SOBHIT| SEU0 N0 EITE (D FONEN| LEANZ | BTGECE| G 0D | LN LHVEL RO1001A0D| ZE8'CT | K100
LRISPEGR | TZOST0 | OWRAPE [ 172167 | TR°28 §2867 TOSETT 9zonnTon 0 LTI 6 O01Z0 | 2 enEen | LRG| 1HGEE CELTR 0RO LD | 010 {91000
IGIGR|ERTCT .G.quﬂ PUTEE | BOEE VORET . GESOLT OEDODTBD O oLLOTO0 D GO0 RETUL STOU TGRS S0 L GoR FCONOLOED | GOG 1T FLOOT0
IF2G'81 L0901°0) SFRPT L 167 | E162 | &'FBET, £26°8g1 FINOOIOND(TE00100°0 L GRIGS GGG 10| ORLIE R1GT | Lo o frenr | oLorRol Aro0'o| 1< | 21000
DRO6' | L6668 | FLI6070 | L 08EE s TURET £RO°LET TI0UIo0) uony 4 0GOS [GP26° 1GSO10| PISIE | L'E1CE | 08°68 | C'IRET | OU'6T | SLTGEI | FTOD0TON'0] 0LG°9 | 01000
DSTHSREE6 | 702070 | 0°GRIE | 10T WINER .: 12 [ 10'ZET suopnTon o G GORG'S | CE10°G L6ER0T0 | O'SKIZ | GO1SE | 6XTE | 1ENEE LGLERL G00DOINND | FEFG | 60000
SHRE'R GOS0 GIOLLON 0 .::.N.. FUREE YLL2G1 2000010073 & 3 ZHO6 G SI2E0 D | 0TEhIE | 82 17088 SOODOTDOD| 9L | R0000
BOLO | GOLO'G | 8RGE00 | §EGET 0GLEE RODFAL LODO010NT) 5 [ s THIO00t00'0 | 121 | 200070
DELG | LZOTG | 1908170 | £ 061 : :v 7GR LALEE S BEUR[RGLGLL LIOONI0DQ | [1zo00tomo| ot | Hd

by |

T

- ™

GEL°ZGT CTODNTOO0
166602 12000100

RETIG H:.u..“‘_... QZGTO'0| DRGIET | L0068
GIG] 0 |6°00% | 60052
LMy | Py
_ ay iy ad

oA Yl IN
d

i ...._..M:.M_Cu_. |

i

<
=1

Ja
Ay g oy

~

VI AGOLTO00Y = v L5019 =

&

D.YJBNQJ\.ESQGLQQEO,HU WITDIS PU 107244 DOJRINING (D _:r.r.:._hv NG pPUR 20AL PIUEINUG

@ MADE ERSY Question Cum Answer Booklet




this margin

Do not

write in

Page 37 of 74

AN (2 06NEE FRGGE INEIR LLEE0 LRESII00°0 | ZRE S5 0571
60411 THETI00 0 G396 | <4l
GERTT o ] HewL L RES SIOETG 269 1T00°0 | GEDERT | 02T r w

&
SAE T 910 h [
SELTH | EHIC0 | RERE RIGLL 1 GRIT| R 008

SLOFTTIOND| ITEL6T ! ST ..
) UREFTIO00 [ E 6T | (W]
(RIEFHD0D | GOST6R1 | G2T -

Fa7i WA Fa wmﬁw....‘_...\_.wa_ LERIEHEES QESE1T00°01 2857281 01071
e T .hﬂ..md,ﬁa_. CIEPRGGL G E8LG TR0 LRI ETD 9% | St T ) =
SELEH 0LV 0| SR2LT DGRETO0RLE | £UTTRL LG 66EC1100°0 | 20N 181} 01T
GR00T| (8969 28517 0L G'RLLE 167122 1 y CR10 | HOETTO0 D | GONERT | 60| | | ASHRAE PSYCHROMETRIC CHART NO. 1

HOHUAL TEUFERATURE 5£k LEVEL
BAIVLLUIC PRLESUEL 101 DY b

£ L | JEHG 1) FELZ1100°0 (SLY G RV L MG sarasinag
CEEL RISGEO 002110070 | ZONTG2 1§60
"CELR0T0E0 SRELTI00NTIT AT WD
m_wTw.m_.... T FIEENI000 | L8 2215 160
WCT SO°CRLITEME G SHEI1U0TD 2377021 26D

20 (HLTGRELT0) RTTLTIN0 D | 05t

DLEEY OUREY | ISELTIOTI0E
LZary A [
AL EGOSD  GOZTLIR°0T0F.
EEOFT | T09 IZTIE 008202
WIS IE199 E61T | ELT0T
LRCH LT 6T

Al

PURLBLE MOAY 4N,

EEHOE | 05709 T £66111000 o
COr9a 6207 _ L1000
619 A500F E0LLE] RELIIEGZE0 BELATION DT 24T |t
TS0 | 10T GEIOE CEILE 969G | SULEE | HEL LU0 600T1100D S61°121 | 290
EO0°9 | LG0T ILH0Z DROLE] 99 0TL GILIERE0 RU111000| 900001 | 080 .
DL | FEE0E 0TS0 £LOLE | REUIL 10LE0| UL 11600 | 00e 501 | S0
0 SFZ0°E | 0HU0E FO0LE, 10T TIZ 11100 | [62°80T ] 920

T Nwd.o.a,__:_u.ﬂm.mﬂﬁ I'G9L% FRonL |9
FEGOY ..A....EE:..S.N:_.WEH R ICARTCR LIH EX FACAER| 100 OEGR1TDE0 (0501 | T2
£ _._s._.:.x_mmm,h.miﬁ.m.nﬁn“:_“_.h«.w GTLGE 069 | LIELe 0 6L T 0 | DFGHIT 0270
LOELY 69120 TORET 9602 CTLE TO169| 6°025% L1169 988G 0 1CITE0°0 | TREET| 90

i

00T 1| v

LRCUEIOL2L9 | 1605 | CELOT LIOLE £1989} 00267 co.;f..aﬂ’zm..:.gﬁ:_a.f INCTO | 90 .
CISLH DAL Z956°L TLI0E _...m....hnwx.._mw 6'895T 1L 696270 SN TIND S0L" 101 | 360 -
GEOR'T|TRELY IEVGT |9 TR0E 070N o
EEEY | T60L 00
1£98°s 1 2022 0

BRIRT|STRL0 [O106'E [ HB0Z 'R0l . it 950

GEDEE | SH6L70 | G6REY SBG0T U 150

IZ86° | SR LN PENIT B60E L6CH OZ108°0 STHOLUD G| w5y

PG L0TR°0 ORI VRDIE ['RELE [re60 | 1s3LE0igsTn 00D 1eRr15E 0t

GHRET L _z.&mzu.ﬂmx.w:m,nd_;._,m. OUEcE

GO1G°C| LHD | 18281 | LATIE{ 1B IZE 10970 90

HIGHG| 090 [ 0TIR' T STTIT ENLE 9GO e

S0V R0 ST FRTIT KON LE | SET10] STELT |2 119 SOLE 0 R0 0)| ZF0

D611 ees8 9221 BT VECRE 28T H9 | SE20HD | ¢ oo

i !..:aw | _‘q “ u_:..,r { W\_.m i b_w, ] :L_ﬁ DAY IS TOWMRATURME C
(M 83)/ (A Seloa ey _ 34/ gy Lk L;_E_ e d )

‘o)) f(poseqomssisg) WENG puY 10J00 PIIIRITS

-@ MADE ERSY Question Cum Answer Booklet

-
Coan

JAnSbEE mLAT
TOLAL ALAT




MEDE ERSY Question Cum Answer Booklet i Page 38 of 74

Do not
write in
this margin

Q5 (a)

A pile of uniform section is embedded in soil by a depth H. The pile supports a structural
load P at its top which is transferred to the soil entirely by friction as shown in figure
below. The variation of friction (f) along the depth of the pile is given by f= ky?, where y
is the elevation above the bottom of the pile. Determine the shertening of the pile.

P
|
B B
1 )
1 )
1 T
! I
1 )
1 I
A A
l/ i [12 marks]
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Q.5 (b)| A lump of steel of mass 15 kg at 800°C is dropped in 10 kg of water at 30°C contained in
an insulated container which is open to the atmosphere. If the specific heat of steel and
water are 0.5 kJ/kgK and 4.27 k] /kgK respectively and latent heat of vaporization of
water at 100°C is 2257 k] / kg, then calculate the change in entropy of steel, water and the

universe.
[12 marks]
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—Q.5 (o)

R
A 3-hinged arch loaded at C, at a distance > from A. Find the resultant forces at A and

B as shown in figure below.

(R h)x Re ) L&

Ra)y (R 3) Y [12 marks]

From  StohC equifitpsuum
Re)y = (ReY( @
w e (Rﬁﬁj * UQ‘BB‘\-}H_B@ |

Considen  FBO  of A DBD member - »d
i l@oxj T(%)«j
P\D‘( @o\c
RO,
( b Pc)‘j T@L{(‘?\B) K /
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Pody -

et Rp)y ¢ P
from  Stokic egulubruum -
Redy = Rp)w 2Rp)y 2 P—0

EMDZO
0z wg, + PR =(Ra)y K

0 2 ‘.P.L_»rP f@\f-ﬂtj —>0> . |
w) + (p\D)Lj l@ﬁ)j — 3@ /

(Rply = —(9633 —®

_ . (Re)y
TQQ'B\ Y
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2.5(d)| State and prove Clausius inequality.

Qo WA inequokity
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2.5 {e)| A rectangular strain rosette strain gauge records the following values for linear strain at
a point in two dimensional stress system : e, = 520 x 10, ¢, = ~140 x 107, and
e, = 270 x 1075, the later being at 45° to the x and y axes. Calculate the principal strain
and stresses. Take E = 205 GPa and p = 0.32.

[12 marks]
&y '

/7 64,5'
I

il

> Ex

€, 520N (\d‘ﬁ . L&%S_ — G-ﬁétf)
Ey 2 — 140 M

/
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Q.6 {a)

A compound cylinder, formed by shrinking one tube on to another, is subjected to an
internal pressure of 60 MPa. Before the fluid is admitted, the internal and external
diameters of the compound cylinder are 120 mm and 220 mm, and the diameter at the
junction is 180 mm. If after shrinkage, the radial pressure at the common surface is 10 MPa,

calculate the final stresses set-up by the section.
[20 marks}
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Q.6 (b)

A system of 3 cables AB, AC and AD shown in figure below is subjected to a force of
800 kN along the x-direction by turn buckle AE. Calculate the forces developed in the
cables. '

B
f
y 2m
l/\
4m
/ A E
[@) [ =
%
3m 2m
C S5m
D

[20 marks]
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Q.6 (c)

{i) Show that the first law of thermodynamics leads to the fact that heat interaction is a
path function.

(i) A perfect gas undergoes a cycle comprises of three processes. It is first compressed
isothermally from 1 bar and 27°C to one-fifth of its initial volume. The energy is
than added at constant pressure, increasing the temperature of gas and the cycle is
completed by isentropic expansion to original conditions. Take ¢, = 1.25 kJ/kgK
and R = 0.5 k] /kgK. Calculate the maximum cycle temperature and pressure. Also
find the net work transfer.

[10 + 10 marks]

P

P

e




MADE ERSY Question Cum Answer Booklet

Page 55 of 74

Do not
write in
this margin




Do not

" write i
MADE EASY Question Cum Answer Booklet | Page 56 of 74 |4 "




Do not

MADE ERS4Y Question Cum Answer Booklet | Page 57 of 74 |l

this margin




MADE ERSY Question Cum Answer Booklet | Page 58 of 74

Do not
write in
this rmart

Q.7 (a)

A rigid and insulated tank of volume 2.5 m? contains an ideal gas at 1 bar and 320 K. The
tank is connected to a line carrying the same gas at 25 bar and 550 K. The valve in between
the tank and the line is opened allowing the gas to enter the tank till the gas pressure in
the tank rises to 25 bar and then closed. Determine the final temperature of the gas in the
tank and the amount of gas that entered the tank. Neglect the effects of kinetic energy
and potential energy.

[Assume R = 0.287 k] /kgK; ¢, = 1.005 kJ/kgK and y = 1.4 for ideal gas]

[20 marks]
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Q.7 (b)

(i) A simply supported beam ACB supports a vertical load 2P by means of a bracket
CDE, as shown in figure below. Draw SFD and BMD for the beam.

a4 }cC B
AN S AN
LT L ’ L
F'—Z‘ } E T —2— |
2P

(ii} A steel rod and two brass rods, together support a load of 800 kN as shown in
tfigure below. Young’'s modulus of steel and brass are 200 GP’a and 100 GPa,
respectively. Cross-sectional area of steel and brass rod are 2500 mm? and 1500 mm?,
respectively. Calculate the stresses in the rods.

B0G kN

!

Q ) Brass Steel Brass 400 mm
100 mm alat "
i 1 by oo !

[10 + 10 marks]

('\") oM Stodic quliubmim /

> (@) .

K
)‘Pb s P5 % VRS

-

b (20D Py (+0®) V.
2SHO x 260 +5BOX 1S /
3 V4
B, b
< .
7 ?) Gt
Pb TP @
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p, @ 300KN

2500 mmi “mm e
l @MPC}_ y  STWWA n SPee,chQ
5 300 KM - KN 7. 200 MPa. -
\SDOMML

[@/@OMPO\BJ}Z——) by N by@MxoﬁM
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(1) a 5 _B/-
L/g R_B |

RH! g & ¢ ) J
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Q.7 (c)

@)
(i1)

Sketch the Mollier diagram and briefly explain its essential features.

A rigid and sealed tank of volume 1 m? is initial filled with dry saturated steam at
230°C and left in the room. After a while the temperature of the steam is reduced to
190°C. Determine the final conditions of steam in the tank and the amount of energy
transferred as heat. (Refer steam table attached)

[8 + 12 marks]

an  molien diQ%}mm,

¥ coridont  proawie Magh oy MUIING -
in notwy  Fewond  dught (inousntyg
erepy ) -
Tgenthol pic Unes O nosugentol

*

o ol
% Taerbopic lne) o Ve /
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U“ ) & 2 1>

T, 2 230°%C T = Qo
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Q8 (a)

A heat engine operating between two reservoirs at 1200 K and 300 K is used to drive a
heat pump which extracts heat from the rerservoir at 300 K at a rate twice that at which
the engine rejects heat to it. If the efficiency of the engine is 40% of the maximum possible
and the COP of the heat pump is 60% of the maximum possible, then determine:
(i) the temperature of the reservoir to which the heat pump rejects heat.
(i) the rate of heat rejection from the heat pump if the rate of heat supply to the engine
is 100 kW.
[20 marks]
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Q.8 (b)

At a certain point in a piece of elastic material, there are normal tensile stresses of
magnitude 135 MPa (in x-direction), 70 MPa acting orthogonally to each other. In
addition, there is a shearing stress of 90 MPa acting normal to the normal stresses.

Calculate : (i) the magnitude and direction of the principal stresses, (ii) the magnitude
and direction of the maximum shearing stress. (iii) the normal and shearing stress on a
plane inclined at 30° to the direction of 135 MPa stress.

o, = 70 MPa

A

"ny Pa——

o, =135 MPa

——— T, =90 MPa

y

Oy

ol

[20 marks]
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Two vessels, A and B of volume 2 m? and 3.5 m? respectively, are connected by a tube of
negligible volume through a valve as shown below. Vessel A contains air at 0.4 MPa,
85°C while vessel B contains air at 0.2 MPa, 220°C. Determine the total change of entropy,
when the valve is opened and assuming the mixing to be complete and adiabatic. For air

take R = 0.287 kJ/kgK; ¢, = 1.005 k] /kgK; ¢, = 0.717 k] /kgK.

04 MPa | 02MPa
85°C . 220°C
2m’ &) : 35m’
Air Air
IAI IBI
[20 marks]
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