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Section : A

Q.1 fa}| (i)
(i)

Derive the expression of COP of an ideal vapour absorption refrigeration system,

In an absorption type refrigerator, the heat is supplied to N'H3 generator by
condensing 75% dry steam at 1.6 bar. The temperature in the refrigerator is to be
maintained at -7°C. Find maximum COFP possible. Take saturation temperature of
steam at a pressure of 1.6 bar is 113.3°C and atmospheric temperature is 30°C,

[8 +4 =12 marks]
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Q.1 (b)

Ang -
Rt

A 10 mm radius mild steel sphere is exposed to cooling airflow at 27°C. If the convective
heat transfer coefficient is 114 W/ m K then, calculate

(i) time required to cool the sphere from 520°C to 120°C.

{ii) instantaneous heat transfer rate 2 minutes after the start of cooling,

(iii} lolal energy translerred (rom the sphere during the [irst 2 minutes. The relevant
properties of mild steel are: density p = 7850 kg/ m?: thermal conductivity,
k=42.5W /mK; specific heat, c =475 | / kgK, and thermal diffusivity, . = {1.043 m? Jhr

[12 marks]
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Q.1 (¢)

ﬂh‘.‘;—:‘_

i

Bricfly discuss thermodynamic, physical and chemical properties of good refrigerant,
[12 marks]
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Q.1(d)

==\

)

Calculate the shape factors 'F ) and F, " for the configurations shown in the figure given
below:

(i) Sphere of diameter of 4 inside a cubical box of length ! = d.
(ii) Hemispherical surface closed by a plane surface.

(iii) End and side of circular tube of equal length and diameter [Take F,, = 0.17]

! /: o ]

A1

112 marks]
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Explain bricfly the mechanism of filmwise and dropwise condensation. Which type has
a higher heat transfer film coefficient?
[12 marks]
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Q.2 (a)

A counter-flow, concentric tube heat exchanger is used to cool the lubricating oil for a
large industrial gas turbine engine, The flow rate of cooling water through the inner
tube (4 = 25 mm) is 0.2 kg/s, while the flow rate of vil through the outer annulus
(d, = 50 mm) is 0.15 kg /s The inlet and outlet temperatures of oil are 95°C and 65°C,
respeclively. The waler enters at 30°C to the exchanger. Neglecting tube wall thermal
resistance, touling tactors and heat loss to the surroundings, calculate the overall heat

transfer coefficient and length of the tube. [Assume uniform temperature along the inner

surface of annulus|.
Take the following properties at the bulk mean temperature;
Cngine oil at 80°C : .= 2131 [/ ke®C; 1w = 0.0325 N-s/m%, k = 0.138 W/ m"C

Water at 35°C : ¢, = 4174 [/kg®C u =725 x 10°° N-s/m?, k = 0.625 W/m"C, Pr = 4.85
20 marks]
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Q.2 (b)

An ammonia ice plant operates between a condensor temperature of 353°C and an
evaporalor temperature of -15°C. il produces 12 tons of ice per day from water at 35°C to
ice at -7*C. Assuming simple saturation cycle. Using only tables of properties of ammonia,
determine:

(a) the capacily of the refrigération plart.

(b) the mass How rate of refrigerant.
(c) the discharge temperature.
(d) thecompressor cylinder diameter and stroke, if it's volumelric efficiency is 1y, = 0.7,

L
N = 1500 rpm and stroke/ bore ratio D 1.3

(e} thehorse power of the compressor motor, if the adiabatic efficiency of the compressor
m, = (.82 and mechanical efficiency n_ = 0.95.

(f)  the theoretical and actual CCP.

Take (¢ = 41808 kJ/kgk; (c ). = 1.94 k] /kgK, (LH)

waker

=335 kJ/ kg,

ire

[Use Ammonia Refrigerant 1able, attached at the end]

350

-13°C

|20 marks]
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Q.2 (c)
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An air-cocling system for a jet plane cockpit operates on the simple aircraft refrigeration
cvcle. The cockpit is to be maintained at 27°C. The ambient air pressure and temperature
are 0.34 bar and -17°C respectively. The pressure ratio of the jet compressor is 4 and
compressor efficiency is (1.85. The plane speed is 1200 kilometers per hour, The pressure
drop through the cooler coil is (.15 bar. The pressure of the air lzaving the cooling turbine
is 1.05 bar and that in the cockpit is 1.01325 bar. The cockpit cooling load is 62.05 kKW.

Calculate:
(a) Stagnation temperature and pressure of the air entering the compressor.
(b) Mass tlow rate of the air circulated.
() Volume handled by the compressor and expander.
(d) Net power delivered by the engine to the refrigeration unit.
() COP of the system.
[20 marks]
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Q.3 (a)

A sheet metal air duct carries air-conditioned air at an average temperature of 10°C. The
duct size is 300 mm x* 150 mm and length of duct exposed to the surrounding air at 30°C
is 15 m long. Calculate the heat gain by the air in the duct. Assume 150 mm side is
vertical and top surface of the duct is insulated. Use the following properties:

Nu = 0.6 (Gr- Pr)®? for vertical surface

Nu = 0.27(Gr: Pr)"® for horizontal surface

Take the properties of the air at mean temperature of 20°C as given below:
¢, =1000 J/kgK; p = 1.204 kg/m”, u = 18.2 = 10-° Pas; v =151 = 10° m?/s;

k=0.256 W/mK and Pr=1.71
[20 marks]
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Q.3 (b)| A theatre of 1600 seating capacity is to be alr-conditioned for winter conditions when the
following data is known:

Outdoor conditions = 12°C and 60% KH

Required comforl condition = 20°C and 60% RII

Amount of free air supplied = 0.30 m”*/min/ person

The required condition is achieved by the heating, adiabatic humidifying and the again
heating. The air coming out of the humidifier has 80% RH then find following:

(a) Heating capacity of the first heater in kW and condition of the air coming out of the
heating coil. Also find the surface temperature of the coil if the bypass factor is (1.35.

(b) The capacity of the humidifier.
(c) Heating capacity of second heater in kW and the bypass factor if the surface
temperature of the coil is maintained at 26°C,
[Use Psychrometric Chart]
[20 marks]
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Q3 (o)

B

An internally cooled copper conductor of 5 cm outer radius and 2 cm inner radius carries
a current density of 5000 amp/em?®. A constant temperature of 90°C is maintained at the
inner surface and there is no heat transfer through insulation surrounding the copper,
Derive an equation for temperature distribution through copper. Proceed to calculate
the maximum temperature of copper and the radius at which occurs. Also find the internal
heat transfer rate per unit length in the conductor.

For copper: Thermal conductivity k= 380 W/ mK; resistivity, p = 2 » 10-* Qm.

[20 marks]
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Q4 (a)

The cylinder head of an engine is 1.5 m long and has an outside diameter of 40 mm.
Under typical operating conditions, the outer surface of the head is at a temperature of
180°C and is exposed to ambient air at 40°C with a convective coefficient of 80 k] / m-hrdeg.
The head has been provided with 12 longitudinal straight fins which are 0.75 mm thick
and protrude 3.5 cm from the cylindrical surface. Tt may be presumed that the fins have
insulated Hps and that the thermal conductivity of the cylinder head and fin material is
260 k] / m-hr-deg. Calculate the increase in heat dissipation per unit width due to addition

of fins. Also calculate the temperature at the centre of the fin.
[20 marks]
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Q.4(b)

(i)

(i)

A heat pump system is designed to maintain the temperature of 30°C in an office
when the surrounding air temperature is 7°C. The heat pump has to supply
6500 k] /min. The heat pump is coupled to an engine. The heat supplied to the
engine at 1000°C. The actual COP of the heat pump is €5% of ideal and the actual
efficiency of the engine is 50% of the ideal. Determine
(2) Heat supplied to the engine
(b) Owerall COP of the system
() Work produced by the engine
A dense air refrigeration machine operates on reversed Brayton cycle and 1s used
for 12 tonnes refrigeration capacity. The cooler pressure is 3.9 bar and refrigerator
pressure is 1,3 bar, The air is cooled in cooler to a temperature of 52°C and the
temperature of air at inlet to the compressor s -22°C.
For ideal cycle, determine the following
(a) COP of the system
(b) Mass of air circulated per minute
(c) Theoretical piston displacement of the compressor
(d) Net power per ton of refrigeration.
Show the cycle on p-v and T-s diagram.
Take ¢, = 1.05 k] /kg-K [For dense air|

[10 + 10 marks]
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Q4 ()

A single cylinder single acting compressor of 40 % 50 cm is used in ammonia-vapour
compression refrigeration system. [t works between the pressure limit 11 bar and 3.036
bar. The vapour is dry and saturated when entered into compressor and it is salurated
liquid before entering into the thrattle valve.
Taking n =1.33 for NH, and RPM = 500; Clearance = 15% of stroke, find the refrigeration
capacity of plant and theoretical power required. Neglect the pressure and heat losses
in the system and assume the compression is isentropic.
If the compression follows the law pu'4 = ¢ and refrigerant behaves an ideal gas in
superheated region, then find
(i) Power required
(i) Heat rejected in condenser
(iii) Heat transfer between cvlinder walls and gas during compression
Take specific heat for ammonia I:CPH) =3.028 K]/ kgK
|[Use Ammonia Refrigerant Table, attached at the end]|

[20 marks]
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Section : B

Q.5 (a)

An insulated piston-cylinder assembly has an initial volume V| and contains air at
pressure, P, and temperature, T|. Air is supplied to the cylinder from a pipeline,
maintained to the constant pressure P, and constant temperature T, through a valve
fitted into the cvlinder. The pistonis restrained in such a manner that the pressure of the
air in the cylincer remains constant at I, during the process of filling. The filling process
is terminated when the final volume V, is twice the initial volume V. Show that the final

temperature of the air T, in the cylinder is given by

2
Y

T, T

[12 marks]
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Q.5 (b)

A copper bar of 30 mm diameter is completely enclosed in a steel tube whose internal
diameter is 30 mm and external diameter is 50 mm. A pin, 12 mm in diameter is fitted
transversely to the axis of the bar near ear:h_end to secure the bar to'the tube. Calculate
the intensity of shear stress (N/mm?) induced in the pin when the temperature of the
whole assembly is raised by 50 Kelvin.
Take, E~.=1.2 x 10° N/mm?Z E_ =22 x 10° N/mm? «, = 20 x 100 per Kelvin,
o, = 14 x 10~ per Kelvin

[12 marks]
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Q5 (¢)

An electric motor drives a machine at 1440 rpm delivering a torque of 14 Nm to its input
shaft under steady state. The motor draws 15A current with a voltage of 220 V. The rate

of heat loss from the motor surface to the surroundings is given by the relationship
Qs = 20(1, - 1,) Watts, where T is the temperature of the surface of the motor and the
ambient temperature is Tj; = 30°C,

Determine:

(i) The motor surface temperature I, in Kelvin.

(if) The entropy generation rate (W/K) for the enlarged systern, if the system boundary

is located to include all the surroundings where there exists a temperature gradient.

[12 marks]
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Q.5(d)

..a":"
FPJ = 119[1 Cenap P 330 ) ]

Force 120 N at (3, B) m, 220 N at 8(7, 4) m and couple of forces £150 N at an arm length of
1.5 m act in xy plane on a body as shown in figure, Replace these forces and couple by a

single equivalent force and a single equivalent couple. Also show the direction of
equivalent force with x-axis.

[12 marks]
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Q.5 (e)

s

:’_':M = ¥la + Me F/j:— ~ -
- _=39.615 K+ YEé - 68K +Rask

A plane element is subjected to the stresses as shown in the figure. Determine
(i) the principal stresses and their directions.
(ii) the maximum shearing stresses and the directions of the planes on which they occur.

(iii) the normal stress on the maximum shear stress plane.

¥

Al MPa

BOMPa %

120 MPa
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Q6 (3)

1 kg of steam at 12 bar pressure and a vapour fraction of (1.4 is heated at constant volume

inside a cylinder till the pressure rises to 40 bar. 1t is then allowed to expand reversibly
and isothermally back to the initial pressure of 12 bar. The cylinder is then cooled allowing
the piston Lo move at conslanl pressure lill the initial state is reached. Calculate the various

energy transfers and entropy changes for cach of these processes using steam tables and

determine the thermal efficiency of the eycle.

Saturated Water and Steam [Pressure-based), Contd.

i T Vaolmne, mﬁ.-"""'g | Energy, k1/kg Futkalpy, }Eik:_', Lriropy, RJJW
MPal O Uy vy, | upr | U, hy Ry | Bgg | 85 | 8¢ | 50
TOLAD 1430608 [0.00108353 | 0.46233 604.22] 2553, 1 | 604,65 | 2738.1| 21334 | 17765 | .89055 |2.1180
;Er.4'.3 145,057 [].iJl]l[]t-I.H-'.if.'.'l-ﬂ]ﬁ:]_{-'I'.TD 20542 (61225 | 27403 Z12R.0 | L.TO6 [6.8701 | 5.08146G
Gkl 147076 (D.O0I0ST29 [0.42274 619,10 26506.4 |H19.58 | 27424 | 21223 | 15120 | 4.5530 | 5.0516
(46 J48 TIA | 0,00108908 | 0,10512 /626,14 205740 [ G26.64 | 27444 | S117.7 | LR287 | 6,5487 (3.01589
(B | TS SO0 0 DoT0o0=a 0 :SEGFIE'.CEF.R'J!.FJ:'% DRR0A [ AELAT | 2TAR.Z B112.5 | T.AR R.E3 [4. 0505
(A0 IREESL 000109255 tl_;ﬁ?&lﬁl;fj:i!].ﬁ-l DRGOLT [ 4000 | 27421 2108.0|( .86k | /.8207 [4.060.3
CLB2 | IA33 0 000042 | 036120 | 64595 20621 | G46.50 [ 27499 21034 | 1.5754 | 6.8075 |1.9321
0054 | 154753 | 0L00102537 | 034858 62213 -zf.{a:{_'4I[mz.?zi:}?m.n SN9RS 1. 5500 | 6. 7948 [4.9049
0,56 | 106149 0,001 0074 ((.33682 65816 | 25645 | 6RE.TT (27531 | 20944 | 19040 |6, T35 4. 3780
058 | LOT.506 | 000109805 | 0052585 | G401 2563.7 | 664,65 | 27547 ?I'JQL'I.'i}i'J.'J]’.’ﬁ G.7707 [4.553]
CLGE | D SEEG {CL DT O | 31554 | GEIL TS V20664 | BTG5 270061 CUsd s | LYais 6, 7ase | de2sd
O TG T2 D0 L02EE | QL3050 | 6728 | 2R67.4 | 675456 ITRT.6 20816 LO4AT |4.7182 | 45045
el | DET G360 | UL DOL L0GEGEE (41,2069 1 ﬁSU.T[]EZEEB.H Bel 41 27584 207750 19562 6.737 | 1.7815
D66 | TG2.E8T | 0.007 TOS0G | 028800 [ GRE.O0 | 257040 | 686.73 2T60.5 | 20735 LAGR) 6,7270 | 4. 7587
0GR [ TR TA OO0 10654 | 028036 | /9 1T | 257008 G002 2TRTG | 20680 1808 G760 | 47367
.71 | 164946 [ 0.001 10796 [U.27277 | 696,22 | 2571.9 697.00 2762.8 [ 2065.68 | 19018 | £.707L [4.7153
ULTR TG OCDCL BORESE | UL 260504 [ TULLT | 25727 TUL.YT 2'.'53.H!L!Uti‘.£.i_l S ST W
0.74 IU?.?WEH.UUHI'EFE (L2587 TO6.02 [ 25734 | T =4 27‘[5-‘].]I'_Z'L'J!'JS.E'E.-.’}HH GOS8 46741
0076 [ 168201 G001 11311 | 1952333 | 710276 | 25744 | TLL.EL [2T66.3 | 20546 | 20248 66T | 4.6543
LLTHE lﬁf-ﬁl.:iff-{lliliﬁ.ﬂ[llllii'—l[f- (24615 71541 [2575.9 | T16.28 ETHT..’:}|'2If].’:i.l'.l;2..'J'lﬁ-li|ff-.-fi?m 44340
OURAE | LTHLHMG (GO T I s | 203 | 719297 | 2376.0 | V20,56 E'HJE.H!':-:LIIT.-J 2.'3'157:5.[1'3[5 45160

I [

D2 1171 A3 0001 T LEOG | (123477 | 72444 | 25768 | T25.736 | 27659.4 '2[143..‘.]?2.{}55?1E-.USL'FQ.-I.E’EJ'FB
084 [1T2440 (000111749 | (224940 | T28.84 [ 23T7.6 | 729,78 [ 27704 ?.f.lIGL-“JEE..’IEEE:Gif‘.ﬂ-‘lfm:-'l.'ﬁ?ﬂ."i
(LG (TT3A428 OLOOTTTEGT | (L22458 | 73515 | 2078.2 | 784,11 | 27712 | 20871 | 2,0755 | 66369 | 4.5516
LER | L7 .3!-':155-:'1.[][}111.!3!‘.-}.", 2153 | TAT 58 | Z5TR.L :T::‘-ﬁ.fi-'i' 2772120338 2.')5-1'?5[.- G4 3443
R LT[;.;j[ﬁ'];l:J.l“llfIJ]'?,'I]E. B2 ASS T 55| 25796 [ T42.56 | 27730 | 20305 2..’!!1-1[]:5.'.’-}213:—'1.32?2
UL [ TTHUET QU0 12845 | 21044 | 743,45 | 25800 | 746,68 [2773.9 20272 | 2, 10321 6.6L37 | 1.5 106
U2 | 177207 0071 12364 | (U206 7| TA9A7 | 258000 | Tl W 27747 [ 2024.0 2.1121'E.-.ﬁj{i"lg-!.-lﬂl—lﬁ
CLOG | ETS.T12 DuO0L ISS | 20306 | TRIAL | 25815 | 75472 | 27750 | 202008 | 2,1200 L 6.5001 11,4782
LS | T 790 Q00T 12605 | L1951 4| 78755 | 25821 |TAR.GH | 2T7T6.3 | 200 7.7 | 20200 6 5020 44624
L0 [ LT9RTS DU00L12723 | 0L 19436 | TE1.39 ) 25827 |T62.52 (27771 | 2004.6 ) 2.138]1  6.5350 144070
105 | LR2.000 D00t 13014 [ DL ERRR2 | 77075 | 25841 | 7718 | 277548 [ 200700 | 2.1587 | 6.855] 4 4045
O O 5 L S ol I O R T I':’E‘J.US DYBULG 19995 | 20780 B A3 A.3730
L1305 [ TRGO43 Q00T 1ARTT | (LITRO60| TRENT | 25860 | TROLEZ (27822 | 19924 | 2.1976 6.5365 4.3.380
L2 [ 1I8TS57 DODLIARSD | (L IG26 | TH6UG | 23878 | TORAS (27837 10864 [2.2159 6.5217 430568
L23 [ 150500 D00L14115 0 LOC0G [ 203,10 | 258585 (300,58 12785, 1 [ 197580 | 2, 2353487 - 0,007 4.2737
T30 T8 .605 DL00T TS0 DU S TTO P ETR 1T | 250000 [SELG0 | 27865 [ TRTT.09 | 23508 405G 4,248
L35 | 193,347 D.00LI4E38 | D I4E80 | 820,84 | 25000 (822,50 27877 19653 | 2.2674  6.4%00 1.2120
LA [ 105,080 000114808 | 0 1407e | 82580 | 25017 | 82007 | 27286 | 10080 | 22535 64687H L1539
145 l}l[i.ﬁﬁﬁ'f].[]l:llllillll;[ll PACLG ) BT 08 | 23026 [ 837050 | 27895 | 19526 | 2.2992 | G.455) 1,155
LAH | THSZST DOOEIREST | DUES171 | 84285 | 23054 | 34406 [ 2701 0] 1946.4 | 2.3143 |6.4430 4. 12506
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Watarfﬂteant at p = 4.0 MPa [T, = 250.351°C)
T BT I = L 5| T T i it
" m® kg |k kg | kI/ke kIjkg K| | "C | m¥kg _kjfig,a'ﬁ';f'[cg;
0 (OGRS 003 A0 DLW 270 | .0RRGI0 | 2RR6.4 2RT1.E
i DO0089813 | 2100 2499 007617 280 EG.DEMHTU DHEN.G 200249
10 00099844 [ 41,92 0 4591 | 0.LHOT2 200 | 0L0LTRLITO 27041 29330
15 000099908 | 6280 | B6.E0 | 022385 | | 00 |D.0588700) 27262 20617
I 31 000100001 | 8367 | B7.67 | 0.209564 A10 | 0.B60A6R0 ) 27475 208G 4
25 D0I00120 H:I-J..-'::’_E 10852 (L3669 320 [LDE20210F 27682 3016.5
3 (000100263 125,36 12957 0.43553 | | 330 |0.0635360| 27384 3042.5
35 0.00100427| 146.20 | 150.82| 0.50374 | | 340 |0.0650190 | 2808.0 30681
|4 Q0000612 | 167.05  ITLOT| 0.8T085 250 | 0.6e4TI0N 25274 3033
45 DUDDIONEIG| 18T.89 ) 191,92 063601 | | 360 [0.0679030] 25846.5 3118.1
50 |0.00101038| 208,74 212,78 0.70196 | | 370 |0.0693110|2885.4 3142.6
55 OONINT 277 220,50 | 233 64 | 076604 | | 380 |0.0707010) 28240 3166.8
60| 0.00101534| 25046 | 254.52| 082018 | | 390 |0.0720730 | 29024 31907
Ga TRDOLULSOF | 27 L84 276,40 | Uas914l | 400 | DLUTSs10 | 2uM s 52145
70 |0.00102005|202.23| 206.31 | 0.95277 | | 410 [0.0747760| 2030.0| 3238 1
Ta 0.0010235091 31313 (317,93 1.0133 420 | 0LTELDSD EUET.I:HE{il.ai
=i CLODTDATIO [ 354,053 | 338, 16| 1.0730 430 1 0.0774200 (29751 | 32848
83 |0.00103054)354.09(350.11| 1.13109 440 | 00747410 | 2993.0 | 3508.0
4 (RDO10O3403 | 375,04 | 380,08 11800 | Andy | 0S40 3“1!.{]:3:131.2
93 D01037ES [ 396,93 | 40108 ] 1.247a | | 460 |0.0813370 3023.9:335-‘..2
100 (30104148 | 417,93 [ 422,10 1.3042 470 |0.0826730| 3046.7 [ 3377.2
105 (L0443 | 438,07 443,15 1.3602 Anl | O ARRGHI20 .'Ef_Hi-'I.{ii-'i-H.I'ﬂ.?
110 |0.MI040E3 | 460002 [ 464,52 1.4156 400 |D.0851750 | 308241 3423.1
115 |0.00105370 (481,12 | 485,04 | 14703 500 | 0.0864420| 3100.2 | H446.0
1200 [0HNT05820 | 502,26 | 506,49 1.5245 S (00289500 | 4136.0 | 3498
125 |0.00106277|523.43|527.68| 1.5780 540 |0.0914570|3171.7|3537.5
a0 (kDDI0RTEL | 54064 | 4800 1.6310 60 |D.0930380 | 3207 4| 3585.2
135 | (LODIOT240 | 56590 (570,19 1.6833 S0 (D.0g6a050 | 52434 | 3620.0
140 [0.00107747 | 587.22|591.53| 1.7354 600 |0.0988500|3279.5|3674.9
145 [IMIINRET2 ANRAR(GT2.01 1.TRA0 A0 | (LI030 [ 3315.7 (3700
150 [0S | 630001 | 631,36 1.8379 GAD | LTO3T3 | 33520 | 37467.0
155 |0.00108375|651.49 | 655.8¢| 1.5884 Gl | D.LOBI6 |S54s8.6 (38182
|60 |0.00109956 | 675.05 | 677.45| 1.9385 G20 | 0.10857 |5425.4(3850.7
las  [(LOOL1DE56 | 69460 699,11 | 1.0882 TO0 | O.1I008 | 34524 130063
170 (DOGLILLITR | TIG.39 | T20.64 | 2.0076 200 LILA%R | 3499630551
176 [ILDIITH2T ) THHIH | T42.00 | LOR6h TAD | OIIATY 135370400801
180 IJ.CIGl!E-i-:'{T;?ﬁIfJ.'.‘JI? TELAT| 21552 T | (L1I816G | 3074.7|4047.3
185 (000113177 TR2.06 | TRE.08 | 2.1835 TRO | 072054 [3612.5|4094.7
120 fJ.-.]ﬂli?H;’J."liﬁD-Ll:] BOS.69| 2.2315 B | O.T2292 1363006 |4142.3
165 |0.00111635|826.33 | 830.92| 2.2702 | | 820 | 0.12530 |3639.0(4190.2
200 |0.00115405 848.65 [853.27 [ 2.3267 | | 540 | 0.12767 3727.6(4238.3
0 (00117038 | 805.67 | 808.as| 24210 | | 860 | 012003 |37es.5 40866
2200|0001 13807 939.29 9dd .04 | 2.5148 A20 | 0.148240 E:’:ﬁl]ﬁ.ﬁ 4335.1
230 |0,00120733| 985.50 | 990.42 | 2.6077 | | 000 | 0.13476 | 3844943839
2400 0001228437 I.D:S?..'.’: 10376 2 7005 20 | 013712 53534 41443 13
A5 fl.&{ﬁﬂﬁl-’JQ;IUb‘I_‘l.S'IUSE.H 2.74945 Qi | 018947 30249 (44881
Zo0dsd UG5 IUHZ.E:llJﬂ?.ﬁ. 2THES il D TATES  abgd 31453314
2501 354 | 004097760 | 2601.7] 2800.8] £.0505 OR6 04418 A6 45815
DAY NOELTTT0 EH!]!‘.«IJ:QS.‘}T.I 61383 Lo 014652 40451 [4631.2
270 | 00536050 | 2656.4 28712 2015 |

&5

G016
f.25095
G.3133
f.3619
64118
f.4576
fi.3014
6.3435
G.6813
6, 6238
3,662
i it
6,755
[.7T14
i
f.a02
0.ATAR
i
R R S
6.0703
T
T2
70624
T.mzz
T. 1506
T.2075
7063
8174
T.3705
el
TATET
75058
7.5730
74214
TH600
T-T1R%
77640
75074
78084
78064
T.0400
T9830
#0253
#0674
#.108%
#1488
H.1002
22302
2.2607
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Whater/Steam at p = 1.2 MPa (1. = L187.057'C)
T ki w | & & T B i h &
T mS kg |k we |E ke ke K| | O | m® ke [k ke | kT ke kT ks K
0 |o.onopoosn | —o02 | 11s 000008 | [ 270 [0.20111]2736. 2] 2080 5] AOI5E
5000080040 21.01 | 2221 | 00TRE3 | | 280 (0205640 27561 S002.6| G965y
Wb |0.00059977 | 4109 [ 4319 | 015008 | | 200 |0.20064 27729 3024.3| 694957
15 | 0ADTON039 | G203 | 6413 [ 022458 | | 400 |0.21386 | 27857 3046.3| 7.0335
200 000100129 | 82.84 | 85.04 | 020823 | | 510 |0.21504 2806.4 3068.0| TOTLO
25 [0L00100246 | 104,74 105,94 | 06602 | | 320 [0.22220 2823.0 A089.5| T.A07S
300 [LODID0EAS | 1es a2 12680 [ 043659 | | 830 [0.22634 28206 3LLL.2) T 1438 |
35 [0.00100551 | 16.50| 17.71 [ 050471 | | 240 [(h23045 28562 3132.7| 71702
40 | 0001007S0 | 16745 165,50 [ 057104 | | 350 |0.23455 2877 5154.2) T.2130
B 0000939 | 18827 | 18048 | 63811 G0 | 023E6F (28802 3LTh.6 T 2480
80 |ooniniigs (200 0| 2rnaT| ooroaes | | s |n_-z.u?n§£:rm.=._a 2N97.0| 7.2816
6O |0.00101402 [ 230004 [ 281,26 | 076743 | | 350 | 024675 |2022.3 39184 73147
60 |0.00100660 [ 250,95 (25217 | 083067 | | 390 | 0.25070 2030032399 73472
B5 (0001071083 | 271 47| 47400 | 080200 | | 400 |0.25482 [2055.5 32613 7.9793
w0 |0.00102223 (202,70 204 00 | 005444 | | 410 025883 20791 3252 7 74100
75 [ILODIOZ320 | 313,74 21497 | 10150 120 | 0.26284 |2085.8 33042 | T421
8 [LO0T02351 | 35470 235,03 L0744 430 026644 |3005.5 33257 74724
85 [0nTNA188 355,67 15600 | 11334 A0 U2TORS 3022 (3347 2| T.A042
00 | LO0T03540 | 37667 [ 2001 | 11921 450 (L27482 |30025.09 | 3368.7 | 7.5542
85 | LODL0JYUT 97,69 | 29594 1.2495 J60 0.278T|3055.8 |3300.3 | T.6028
100 [LonTodean (438,74 41000 | La064 | | 470 0.23376 30726 | 34119 | 7.502]
105 [nonmndass 429,80 14107 13625 Q800 0028GTS 3080 4 [ 3433 5 | T EM0
110 [ o0i0sie? [ danne s 1a] 14170 400 020060 | 11064 14552 | 7.6408
115 [LUDTOREHT | 48 06 | 485 83| 14798 200 |0.20464 | 3123.3 | 3476.9| 76779
120 | L00T05976 | 308,25 | 50452 1.527) A200 [0.30053 |8157.5|3520.5 | 7.7336
125 000106498 |524.46| 525.74| 15804 540 |0.310041 21018 4564 3| 7.7881
130 | 00106916 | 545,78 54701 | 1.6357 560 |0L31826 | 3226.0 | 3608.3 | 7.5416
125 | 000107410 | R6ET041 26533 LGR63 580 |0.32611 |3261.3|3652.5| 7.8040
A0 | 000107995 | R8RIL 280,71 LT3R GO0 |0054804 | 3206 4 [ 2607 0| 7 9455
145 | D00105423 | 609.83 611.13] L78%S 620 |0.54177 | 33506 37417 | 7006l
160 | QO0T080UT 641,37 6346S | L8410 G40 [1.34958 | 3567, | 37865 5.0459
155 | DU0TOGSEY | 65287 654,18 LE016 6600 |0L35730 | 3402.0 | 35831 8| S.0945
160 | 0.001IC157|6T4.49 675,81 L9419 680 |0,36518 | 3430.0 | 38772 51430
165 | LO0T1CTES | GO6.19 697.52 19917 TO0 | 0.57207 |3475.3| 30220 A.1904
1700 [DUOWIT1138n 71707 719.51 0 2.0411 TEO|0E80T6 (G019 30688 | BAATI
175 | 000112047 | 73084 TALLS | 20002 TAD (045850 4048840153 59832
80 [0.00112723) TR160 T63.15) 2.1900 | | TA |0.39631 |3586.9| 40615 | 53286
185 | 000112454, (8387 F8A.23] 2187 VRO [maAndny | 6235 4108.2 | 53731
17057 | ILONTT2850 | 706 .96 | 798,33 22150 800 041184 | 3661.0| 41552 84176
187,057 (16306 | 25R7.2 127837 B5217 BO0 | 0,41050 | S608.0 | 4202 4| 84612
L4 .16432 | F5020 | aTsu4 6.5340 B40 |0.42735 | 3757.1 | 4240 8| AA042
105 (LTGGSG | HG02ZA | 28030 65631 860 |0.43510| 3775.6 | 12977 &.5168
2M10) LTRBAA 2R12.0|2R16.1 | 6500 830 |0.44285 | 38143 4345, 7| B.5558
214 017417 | 2632.3|23:1.3 | 6.6437 000 |0, 45050 | 3553.3 | 43040 | 86503
Ll O.L7TSST | 2601 1| 2865 T OGGHET 020 | (145834 | 3E02.6 | 4942 6| BETL
24 (830G | 2669, | 28805 | .7414 040 |0.46608 3532, | 4491.4| 87110
244) 0L18THT | 2687.1(2012.7 | 6.7872 UG [0,4T381 3671.9 | 4540.5| &.7520
25) 019241 |2704.7 2<.}rm.fs| fi.53313 Bl 045155 401129 4580 5| HT0IT
260 (19670 (27221 | 295821 68740 | | 1000 |0.48928 40523 4630, | H.8350
a7 ool |(27a00 [2asns | 60155

[20 marks]
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Q.6 (b}| (i) Statc Carnot’s theorem. Prove that the efficiency of a reversible heat engine is more

than that of an irreversible heat engine.

(ii) A heat engine operates hetween two thermal reservoirs at 350 K and 1000 K and

produces 150 kW power. Find the rate of heat rejection and entropy generation

when

(@) the engine is completely reversible.

(b) the engine is internally reversible but receives and rejects heat at 900 K and
450 K rather than 1000 K and 350 K.

[8 + 12 marks]
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Q6 (0)

A beam ARB is loaded by two segments of uniform load and two horizontal forces acting
al the ends of a vertical arm as shown in figure. Draw the shear force and bending moment
diagrams for this beam. Also find the point of contraflexure if any.

—HkN,/m

Ay

Al

o

|20 marks]

Fp4Ra = &XY45%4 QN

Up -+ Yo + 220 = S G

ﬁﬁ. = CQ!‘Q“‘.TkﬁJ

Ra = 11.5kKN.
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Q.7 (a)

(i) Calculate the thickness in mum of shell required for a vessel of thick spherical shape,
B0 mm inside diameter, to withstand an internal pressure of 30 N/mm?, if the
maximum permissible lensile stress in the shell is 80 N/mm?.

(ii) Calculate the reactions at supports A and B of the beam as shown in figure,

S0 kM
B0 kN
40k /m
A, lwvwwn’ ﬁ?\_ B
_ﬁq\u_ R
f 2m f Jm | =1 m—=

[16 + 4 marks]
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Q.7 (b) | A sign board is supported by a pole of hollow circular cross-section as shown in figure.
The outer and inner diameters of the pole are 300 and 250 mum, respectively. The pole is
15m high and weighs 100 kN. The sign board has dimensions 4 m x 3 m and the weight
of sign board can be neglected. The wind pressure against the sign board is 2 kPa.

Determine the maximum tensile, maximum compressive and maximum shear stress at

point A.
4 n——=
il MADE
o FASY
I
o S
R
“;L . Section x-x

[20 marks]
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Q.7 (g)

(1)

An insulated rigid tank contains 4 kg of argon
gas at 550 kPa and 30°C. A valve is now opened
and argon is allowed to escape until the pressure
inside drops to 230 kPa. Assuming the argon
remaining inside the tank has undergone a
reversible adiabatic process. Determine the mass

of argon escaped out?

Argon
gas

law food items with an average mass of 2.5 kg each and average specific heat of
3.75 k] /kg®C. are to be cooled by chilled water that enters a continuous-flow type
immersion chiller at 0.6°C and leaves at 3°C. T'he raw food items are dropped into
the chiller at a uniform temperature of 17°C and at a rate of 270 items per hour and
are cooled to an average lemperalure of 4°C belore they are taken out. The chiller
gains heat from the surroundings at 27°C at the rate of 150 k] /h. Determine the rate
of entropy generation during this chilling process in W/ K.

[Take C =418 k| /kg°C]

“waler

[6+ 14 marks]
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Q.8 (a)

(i)

(i1)

A horizontal cylinder is separated into two com partments by adiabatic, frictionless
piston. One side contains 0.3 m? of nitrogen and the other side contains 0.2 kg of
helium, both initially at 25°C and 100 kPa. The sides of the cylinder and the helium
end are insulated as shown in figure. Now heat is added to the nitrogen side from
a reservoir at 600°C until the pressure of the helium rises to 130 kPa. Determine:
(a) the final temperature of the helium in Kelvin.

(b) the final volume of the nitrogen in m*,
(c} the heat transferred to the nitrogen in kJ.

(d) the entropy generation during the process in kJ /K.

12 kg of air stored in a metallic eylinder at 45 bar and 30°C is used to start an engine
using an air turbine as shown in figure. This process can continue till the cylinder
pressure drops to 4.5 bar. During the process, heat transfer with atmosphere at
30°C is permitted and the temperature of air in the cylinder remains constant.
Neglecting kinetic and potential energy, determine the maximum possible work
output of the turbine (k]). Given atmospheric pressure is 1 bar and treat air as an
ideal gas with €, = 1.005 k] fke-K.

Cylinder T

2] Turbine | Engirie
: |

[10 + 10 marks]






Q.8 (b}

(1)

(i)
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Show that the entropy change in any polytropic process of anideal gas, with constant

specific heats can be calculated as

O N

278 ny-1) B

where, subscript 1 and 2 represent initial and final states,

Consider a 20 m diameter hot air balloon that together with its cage, has a mass of
150 kg, when empty. The air in the ballocon, which is now carrying bwa 80 kg persons,
is heated by propane burmers at a location where the atmospheric pressure and
temperature are 95 kPa and 10°C respectively. Determine the average temperature
(Kelvin) of the air in the balloon when the balloun first starts rising,.

[12 + 8 marks]|
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(i) A compound bar is made by fastening one flat bar of steel between bwo similar bars
of alumirium alloy. The dimensions of each bar are 50 mm wide and 10 mm thick,
so that the cross-section of the composite bar measures 50 mm * 30 mm. If modulus
of elasticity for steel is 210 GPa and for aluminium alloy is 685 GPa, find the apparent
value of the modulus of elasticity for the composite bar loaded in tension. If the
respective elastic limits are 240 MPa and 43 MPa, find the elastic limit of the
compound bar.

(i) A steel beam of length L = 500 mum and cross-sectional dimensions &= 12 mm and
fi = 50 mm [as shown in figure) supports a uniform load of intensity w = 50 KN/ m,
which includes the weight of the beam. Calculate the shear stresses in the beam (at
the cross-section of maximum shear force] at points located 10 mm, 18.75 mm and
25 mm from the top surface of the beam. From these calculations, plot a graph
showing the distribution of shear stresses from top to bottom of the beam.

Fa 3 ENS/m I =50 mm
P S Y A A A . .
| U
".(:l_ ).-"'- —t| i
& t=12mm
I~ S0 mun -

[10 + 10 marks]
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Thermodynamic Properites of R717 (Ammonia)

Table B.7.1 Saturation table of R717 (ammonia)

Specific Volume Enthalpy Entropy
Temp.  Pressure (m'/kp) (kJ/Kg) kJ/kg.K)
‘_{el:'] (bar) s {1 v, i I, 57 f i
-60 2199 140 4685  —69.5 13732 -0.1095  6.6592
=55 3029 14 3474 475 13820 00071 65454
-30 4103 .42 2617 -25.4 13906 0.0926 64382
—45 5474 1.43 2.000 -33 13998  0.1904  06.3369
—40 7201 145 1.547 189 1407.2  0.2865 62410
-35 9349 1.46 1.212 41.2 14152  0.3808 6.1501
-30 1.1990 1.48 961 63.6 14228 04735 6.0636
~28 1.3202 1.48 878 72.5 14258 05101 6.0302
26 1.4511 1.48 809 81.5 14287  0.5465 5.0974
-25 1.5216 1.49 770 86.0 14302  0.5646  5.9813
—24 1.5922 1.49 37 90.5 1431.6  0.5827 5.9652
~22 1.7441 1.49 677 99.6 14344 06186  5.9336
~20 1.9074 1.50 622 1086 14372  0.6543  5.9025
~18 2.0826 1.50 573 1177 14399  0.6898  5.8720
-16 2.2704 1.51 528 1267 14426  0.7251 5.8420
=15 2.3709 1.52 508 1313 14439  0.7426  5.8223
-14 2.4714 1.52 488 1358 14452  0.7601 5.8125
-12 2.6863 1.53 451 1449 14477 0.7950  5.7835
-10 2.9157 1.53 417 1542 14502  0.8296  5.7550
-9 3.0360 1.53 402 1586 14514  0.8469  5.7409
-8 3.1602 .54 387 1632 14526  0.8641 5.7269
-7 3.2884 1.54 373 1678 14538 08812 57131
-6 3.4207 .54 359 1724 14550  0.8983 5.6993
&5 3.5571 1.55 346 1769 14561 09154  5.6836
4 3.6977 1.55 334 1816 14572 09324  5.6721
3 3.8426 1.55 322 1862 14584  0.9493  5.6586
=3 3.9920 1.56 310 1908 14595 09663  5.6453
o 4.1458 1.56 299 1954 14606  0.9831 5.6320
0 43043 1.57 289 2000 14617  1.0000  5.6189
I 4.4674 1.57 279 2046 14627  1.0167  5.6058
2 4.6353 1.57 269 2093 1463.8  1.0335 55929
3 4.8081 [.57 260 2139 14648  1.0502  5.5800
4 49859 .58 251 2185 14658  1.0669 55672
5 5.1687 1.58 243 2232  1466.8 1.0835 5.5545
6 5.3567 1.59 235 2278 14678 1.1001 5.5419
7 5 5500 1.59 227 2325  1468.8 1.1167 5.5294
8 5 7487 1.59 219 237.1  1459.7 1.1332 5.5170
O 5 0528 1.60 212 241.8 14707 1.1496 3.5046
10 6.1625 1.60 205 2465 14715 1,1661 5.4924

(Contd |



ey Specific Volume ~ Enthal)
Temp. = Pressure {m’fkg) st EWH
g {k}/kg) KJ/k
°c) ' (ba 3 ZK)
("C) (bar) v % 10 v hy h, 5
. = g
11 63778 1.60 198 2512 14725 1 :
- : 51. 1 1825
120 65989 16l 192 12559 4733 1193 o
13 68259 1.6l 186 2606 14742 12152 >d681
4 BieheRE 1.6l 180 2653 14754 12314 :"‘551
ig 72979 . 1.62 174 2700 14759 1.2477 el
i ;g;ﬁi 1.62 160 2748 14762 12639 R
alil9a6 1.62 164 2795 14775 1.280 3.4204
L o pahey 16 158 2848 14783 129531, 4087
5 '3‘_-".".1.? j 2 154 289.0 14790 13124 g'?'g”
21 - B.8657 : 1.3285
200 1.64 144 : 33740
22 91503 164 : 2985 14805 13445 5,
24 iovapse 4 136 3084 14819 137 2ol
97403 165 132 372 3765 53300
25 Seneedl e 12.9 ' 14825 13925 5358
2%  Diisiee : 128 3177 14832 1.40
10359 = 166 4084 5
o i 167 128 3273 (upa : 5.3063
AE007 167 44 14402
20 {1343 5 : A17 1332.1 14850 1.45 5.2953
30 11686 B 14718
bt b 1.68 100 3418 5.2133
31 120370 168 41.8 14863 14876
32 1239 16 107 3466 14867 503 g
e e 104 3505 lgrn 13 Lol
u AiEe 69 101 3563 14g7 SI91 52408
A13139 50 170 008 ‘ 487.7 15348 5o
LR 3612 2300
35 13529 1612 1488.1 ] .s5504
36 13015 L70 096 3661 5.2193
= ""'iztfa';i & L 092 3700 }jgg,ﬁ 15660 52086
18 1474 L7 090 3759 14550 L5816  5.1980
® g 088 3808 limea D72 S1sM
- 1.72 085 3357 9.8 16128 5178
10 155000 179 ol 14900 16283 51663
a1 16006 _ 083 3006 14004 o
P g L7 080 4 16437 5558
OHE 173 3955 14907 :
43 16006 @ 078 So0d ligge. 9592 548
4 a0 L.74 076 4054 9.9 16747 51349
L7.843 .. 175 4 14914 17055 51140
6 1 : 072
4 18,326, 1.75 : 4154 14915 17
7 18319 " 070 : 7209 5.1036
s 1.76 4204 149
4 L7 173
B 19329 068 63 50932
1.76 4254  1491.8
0 20450 1.77 R 14918 17671 50123
S| fBpuehal T 063 fi 4 14919 17825 50618
e B 061 4 4”5 14918 = 17979 50514
53 [5y70: 1.78 060 g 56 14918 18134 50409
4 Copsepin 19 058 '45-“‘? 1491.7 18289  5.0303
55 t93ipe. L9 056 :4_5_5_.9 14915  1.8444 50198
TT——=—_ 180 o554 611 14913  1.8600  5.0092
: 4663 1491.1 1.8757  4.9985

—~—




[t Peat Degree of Superheat of Vapour
50°C 100°C
v h 5 - h F

cc) (ar)  (mkg) (klkg) (kVkgK) (mYkg) (kJ/kg) (k/kgK)
40 0718 182 1517 - 6667 208 1624 7016
_35 0932 = 145 1526 6.572 176 1634 6919
30 1196 1.24 1535 6483 145 1644 6827
25 1.516 .96 1544 6399 1.15 1654  6.741
20 19 507815584 b 26319 90 1664  6.659
15 236 6L 1S6l 6243 0 73 1674 658
-10 291 2531870 6T 59 1683  6.507
-5 355 A2 RISTRAG L 6 10D 49 1693  6.437
0 429 036 7 1586 0 6,036 42 1702 6.370
5 516 30 . 1594 5974 35 1711 6.307
10 615 [i25 1601 n5914 285 1720 6.247
15 728 22 1608 o 5856 25 1729 6.189
20 857 o185 16151 5801 215 1737 6133
25 1001  US165701622 5 S5 748 18 1746  6.080
0 1167 137 1628 5697 16 1754 6.030
5 135 1180V 1634 5,648 14 1762 5.982
40 1554 110 1640  6.601 12 1770 5935
45 1782 I 0907 7 1646 | 5555 ° 105 1778 5.890
SO 2033 . 070 165l ¢ 5510 0 085 1785 5847
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