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21 )

A sector gate in the form of circular arc of radius 5 m retains water to a height of 3 m
above its sill as shown in figure. Calculate the magnitude-and direction of the resultant
force per unit length of the gate. Assume a gate width of 1 m.
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Q.1 (b)| With the aid of a schematic diagram, explain the working principle of pulse jet engine
and also draw the ideal and actual P-V diagrams.
[12 marks]
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Q1 (9

A liquid jet issues out of a nozzle into atmosphere at an angle of 60° above the horizontal
and with a velocity of 10 m/s. At the nozzle exit the jet has a diameter of 8 cmn. Assuming
the jet to be unbroken throughout the trajectory, determine

(i) the equation of the jet trajectory.

(ii) the maximum height attained by the jet and its size at that location.

[12 marks]
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Q.1(d) | A single acting reciprocating pump has its piston executing a simple harmonic motion.
Show that the ratio of the work done against friction when the air vessels are fitted to that

in the absence of air vessels is 3/2n2,
[12 marks]
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Q1 (e)

Examine whether or not the following velocity profiles satisfy the essential boundary
conditions for velocity distribution in laminar boundary layer on a flat plate.

o Eerfl)o)

where u is the velocity at height y above the surface, U, is the free stream velocity and &

is the nominal boundary layer thickness.
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Q.2 (a)

A Pelton wheel has 4 nozzles each 52 mm in diameter with coefficient of velocity 0.98.
Bucket speed is 0.46 times the jet speed and bucket mean diameter is 0.85 m. Reduction
in relative velocity due to bucket friction is 16% with jet deflection of 165° and having
mechanical efficiency of 94%. The water is supplied through a pipeline 360 m long from
a reservoir, the level of which is 300 m above the nozzles. If the friction coefficient is
0.0058 and the head lost in friction amounts to 32 m. Calculate :

(i) the diameter of the pipeline,
(i) the bucket power, hydraulic and overall efficiencies of the wheel,

(iii} the unit speed, the unit power and specific speed.
[20 marks]
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Q.2 (b)

(1)

(1)

Explain the phenomenon of boundary layer separation. Describe four methods of

controlling of boundary layer separation.

Two pipes each of length L and diameters D, and D, are arranged in parallel. The
loss of head when a total quantity of water (J flows through them being #,. If the
pipes are arranged in series the same quantity of water ‘Q’ flows through them, the
loss of head is h,. If D, =1.5D,, determine the ratio of h, to h,. Neglect minor losses
and assume the friction factor fto be constant and to have the same value of for both
the pipes.

[8 + 12 marks]
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Q.2 ()

A nozzle of the impulse stage of a turbine receive steam at 20 bar and 300°C and discharge
it at 12 bar and 240°C. The efficiency of nozzle is 96% and nozzle angle is 18°. The blade
speed is that required for maximum work, and the inlet angle of the blades is that required
for entry of the steam without shock. The blade exit angle is 6° less than the inlet blade
angle. The blade friction factor is 0.88. For a steam flow rate of 1440 kg/hr, calculate (a)
Axial thrust, (b) Diagram power, and (c) Diagram efficiency. [Refer Steam table attached]

Water/Steam at p = 1.2 MPa (T = 187.957°C)

T v w | h ] | T u u | h
G m%/kg | kJjkg | kJ/kg [kJ/kg K| | °C | m%/kg | kJ/kg | ki/kg |kJ/ke K
0 [0.000999607 -0.02 | 118 [-0.00008| | 270 [0.20111]2739.2] 20805 6.9155
5000009919 2101 2221 | 0.07623 | | 280 |0.20540 2756.1 | 3002.6| 6.9558
10000099977 41.99 | 43.19 | 0.15008 | | 290 |0.20964 2772.9 (30245 6.9951 |
15 0.00100039| 62.93 | G113 | 0.22425 | | 300 0.21386 | 2780.7 | 3046.3| 7.0335
20 |0.00100129 ) §3.84 | 85.04 | 0.29623 [ | 310 |0.21801 | 2806.4 | 3068.0| 7.0710
25 | 0.00100246 104.74[105.94 ) 0.36692 | | 320 | 0.22220 2823.0|30%0.6| T.1078
300 [0.00100388 125,62 126.82| 043639 | | 330 | 022631 2839.6 31112 7.1138
35 [0.00100551 146,50 | 147.71 | 0.50471 | | 340 0.23045 2836.2|3132.7| 7.1792
40 |0.00100736 16738 168.50 | 0.57194 | | 350 |0.23455 2872.7|3150.2| 7.2139
45 [0.00100939 188.27 | 18948 | 0.63811 | | 360 |0.23863 2880.2 | 3175.6 7.2480
50 [0.00101162 20916 210.37| 0.70326 | | 370 |0.24270 | 2905.8 | 3197.0 | T.2816
55 |0.00101402 230.04| 28126 076743 | | 3801 0.24675 2922.3| 3218.4| 7.3147
GO | 0.00101660 250,95 252.17| 0.83067 | | 390 10.25079 | 2939.0|3239.9| 7.3472
65 (000101933 271.87|273.00| 0.89200 | | 100 |0.25482 2055.5|3261.3| 7.3793
T |0.00102223 292,79 20002} 095044 | | 410 0.25883 2972.1 | 3282.7 | 7.4109
73 (000102529 3157431497 L0150 | | 420 |0.26281 2088.8 | 3304.2| 7.4421
50000102851 334.70|335.93) 1.OT48 | | 430 |0.26684 3005.5 3325.7| 7.4728
55 (0.00103188 355,67 356.91| 11338 | | 440 |0.27083 3022.2|3347.2) 7
90 0.00103540 | 376.67 | 377.91 1.1921 430 10.27482 | 3038.9 | 3368.7 3
5 0.00103907 397.69 | 393.940 1 12496 160 | 0.27879  3055.8 | 3390.3
100 10.00104200 418.74|410.99| 1.3064 170 | 0.28276 | 3072.6|3111.9
106 000104688 | 43081 | 441.07| 1.3625 180 |0.28673 30804 | 3433.5| 7.6210 |
10 [0.00105102 460.92 162,18 | 1.4179 190 [0.29069 3106.1|3455.2| 7.6496
15 0.00105531 482.06 48333 | 14728 | | 200 |0.29464 3123.3|3476.9 7.6779
120 0.00105976 503.25 5 | 15270 | | 520 0.30253 3157.53520.5| 7.7336
123000106438 32046 | LAROG || 540 [0.31041 31918 | 3561.3| T.7881
1300 1000106916 515,73 ¢ LG33T | | 560 0.31826 .'5'32“.5.‘3('»();\’.3 RA16
135 |0.0010T410 -367.(J|i:')(ja-‘,.3:i L6863 | | 580 |0.32611 3261.3 | 3652.6| 7.3940
140 [1L00107923 58841 589.71) L7383 | | 600 | 0,33394 3296.3[3697.0| 7.0455
L1y 000108453 609.83 611.13] 1.7809 | 620 1034177 33316137417 7.9961
150 [ 0.00108001 631.32|632.63| L8110 | | 610 |0.31958 3367.1|3786.6| 8.0459
125 (000109569 652.87 654.18] 1.3916 ’ 660 0.35739 3402.9 3318 3.0048
160 0.00110157 67449 675.81| 1.9419 | | 68O ‘fn,xo‘;]a‘ 3430.0 | 3877.2| 8.1430
165 |0.00110765 696,19 69T.52| 1.9917 ‘ 700 [0.37297 3475.3|3922.0| L1904
170 (L00111395 T17.97 | 719.31] 2.0411 720 0.38076 | 3511.9|3968.8 | 8.2371
175 (G001 12047 TJ}‘J.BIJ?HAIS 2.0002 11 THL 0,38853 35-13.65 10150 ] 8.2832 |
180 0.00112723 761.80 | 763.15 2.1390 | | 760 |0.39631 3585.9 J061.5 8.3286 |
185 TRI.ST|785.23 | 21874 | | TS0 | 0.10407 3623.3 1108.2] 8374 ‘
187.957 | j 79833 22150 | | 800 (041184 3661.0 4155.2| 84176 |
(187957 0.16326 N2783. 65217 | | 820 041959 3698.9 42024 | 84612 |
190 016132 250922 27804 65340 | | $40 042735 3737042499 8.5042
195 | 0.16686  2602.8 2803.0| 6.5631 860 |0.43510 | 3775.6|4207.7| 85468
200 006931 2612.9)2816.1] 6.5900 | | 880 044285 3810L3[4315.7) 85888
210 017417 26323 28413 | 6.6437 | | 900 | 0.15039 | 3853.3 1394.0| 86303 |
220 | O.1T88T 2651128657 6.GO37 | | 920 |0.45834 | 3892.6 ..nu.e;! 86713 |
230 | 083G 2669.3| 28805 6.7414 040 | 046608 39321 | 1491.4] K719 |
240 | 0STOT  268T.1 20127 G.78T2 | L 960 04T 39719 4540.5| 8.7H20 |
250 | 009241 2704.7 [2935.6) 6.8313 | | 980 08155 40119 1580.8| 8.7017 |
260 0.19G79 27221 2958.2| G.8740 1000 018928 | 1052.3 | 1639.1 | 8.8310
270 | 0.20111  2739.2 29805 G.9155 | i




MBEDE ERSY Question Cum Answer Booklet

Page 16 of 62

Do not
write in
this margin

Water/Steam at p = 2.0 MPa (T, = 212.377C)

LR v u h 2 T v | u Hagle e |
*C | wS/keg [ kJ/kg kJ/kg |[kJ/kg K *C | m®/kg [ kl/kg [ kI/kg kJ/kg K|
( %(I.UU()UQQN) -0.01 1.99 [-0.00003 | 270 ().ll?'.!(i:l!?f&(j 2003.1 6.6:109
D %0_(1(!()‘.)95)]!] 21.01 | 23.01 | 0.07622 l"ZSﬂ 0.12005 | 2737.0{2977.1| 6.6849
10 E(L(?{]l')f)‘.)!)l‘}‘.] 41.97  43.97 | 0.15091 529” l].12‘28()§2755.2 30008 6.7273
15 0.00100001 | 62.89 G189 | 0.22416 | | 300 [0.12551|2773.2|3024.2 | G.7684
20 0.00100093 | 83.79 | B5.79 | 0.29607 310 10.12818 | 2790.9 | 3047.3 ] 6.8083 !
25 ;”.U(')EUUZ?IU 104.68 | 106.68 | 0.36671 320 10.13082 12808.5[3070.1 | 6.83472 ‘
30 0.001003521125.54 1 127.55 1 0.43615 330 10.13344 | 2825.9 3002.8 6.8851 |
35 0.00100516 | 146.42 ' 143.43 | 0.50444 | | 340 10.13603 | 2843.2 3115.(51 G.9221
40 10.00100700 | 167.29 169.30| 0.57163 | 350 1 0.138G0 | 2860.5 313?’.7‘E 6.9583
45 [0.00100904 | 188.15 190.17} 0.63776 | | 360 [0.14115 | 2877.6 3159.9] 6.9937
50 0.00101126|209.04 | 211.06| 0.70289 370 [0.14369 | 28947 318211 7.0285
35 0.00101366 | 229.91 1231.94| 0.76704 380 10.14621 | 291 1.8]3204.21 7.0627
60 0.00101623 1 250.81 | 252.84 | 0.83024 | | 390 0.14872 1 2928.93226.31 7.0962
6o g(l.[][]]l)h\'ﬁ? 271.71|273.75 | 0.89254 | 400 [0.15121 |2945.9 | 3248.3 | 7.1292
70 10.00102187 1 292.64 201.68 | (.95396 110 [0.15370|2962.9 | 3270.3 | 7.1616
75 |0.001024921313.56  315.61 1.0145 1420 10.15617 1 2980.0(3292.3] 7.1935 |
30 10.00102813334.51 [336.57| 10743 430 [).lv‘.')?ﬂfikll‘.?ﬁg?.{] 3314.3 7.2250
A5 [0.00103149 35548 357.54| 1.1333 440 U.l(il(lf}ilil)l-l,l 3336.3 1 7.2560
90 i(].(lﬂ!ﬂ.’;:’iﬂl 376.46 378.53| 1.1915 | | 450 [0.16354 13031.1 3358.21 7.2866
95 0.00103R867 397.47_399.55 1.2490 | | 460 |0.16598 3048.23380.2| 7.1
100 [0.00104249 418,51 [420.59 | 1.2 470 | 0.16842 | 306544 | 3402.2 7. i
105 ‘U.()U]()-l(i-lT -'lii.‘].-")?\-l-“.ii(i i3 480 [0.17085 | 3082.5 | 3424.2] 7.3760 |
1) 0.00105059 [ 460.67 | 162.77| 1.4 90 (017327 1 3099.7 1 3496.2 1 740560
115 i().lilJll]-"} 18T [481.79 1 483.90 | 1.4721 | 300 |0.17568 | 3116.8 | 3468.2| 7.4337
120 |(i.(ll]l(J-")931 502.96 | 505.08| 1.5263 520 10.18050 3151.43512.4| 7.4901
125 10.00106392 524.16 1 526.29] 1.5799 540 l).ll’i«")li()l.'ilsﬁ.l 3556.7| 7.5453
130 | 0.00106868 | 545.41 1547.55| 1.6330 560 10,1900 13221.013601.21 7.5994
135 :U.U(]i(]?iiﬁ'l 566.71 | H68.86 | 1.6855 580 10.19486  3256G.2 1 3645.9! 7.6523
140 [0.00107872 | 588.06 1 590.22 1 1.7375 GO0 | 0.19961 ;32.‘)!.5 3690.7| 7.7043
115 E(?.U(NUS-IUI 609.47 611.64| L.7890 | 620 10.20436 |3327.1,3735.8| 7.7553
150 r!l.U()lUSQd& 630.94 633.12 1.8401 640 é..5(52.8 37810 7.8051
155 0.00100513 652,48 654.671 1.8907 660 {1.213(\’313398_5 38206.5| 7.8547
1G0 ;{].()U[](](]f)?) (iTi.US_UT(i.Z’S 1.9409 | | 630 |0.21855 | 3435.1 1 3872.2| 7.9032
165 |l].!]“l]ﬂTU5 695.76 697.97  1.9907 {700 10.22326  3471.7 1 3918.2 1 7.9509 |
i i 1
170 10.00111332  717.51 | T19.74 2.0401 | T20 10.22797 |3508.4 | 3964.3| 7.9978
175 10.00111982 739.36| 741.60| 2.0892 740 10.23267 [ 3545.5 [4010.8 | 8.0441
180 l(l.()[l]l?_’(i-"ﬁ-J T61.31 763.56| 2.1379 | 760 0.23737 3582.7|4057.4| 8.0897
185 |0.00113353 | 783.34 T85.611 2.1863 T80 ().2-12{1(5%3(52().2 410431 8.1347
150 [0.00114076|805.49 | 807.77| 2.2344 300 l].‘Z-‘lGT-I!LiG-‘}S.U 4151.5 | 8.1790
195 |0.00114827 {827.75 830.05| 2.2822 | 820 [0.2514213696.114198.9 | 8.2228
200 [ 0.00115607 | 850.14 852,45 2.3208 ‘ 840 ().2561(]13734.!1 -l?‘l(i.{il 8.2660
i 1
210 0.00117262|895.31 | 897.66 1 2.4244 &G0 | 0.26078 3772.9 4294.5| B.3087 |
21'2‘377:{1.(1(111767:"1 906.15 908.50 W | 830 (l.?ﬁ:’)-i."ﬁé.‘i?’i!l,ﬁ 4342.7) 83500 |
212.!577; 0.0995850 12590.12798.3| 6.3300 | | 900 (3.271]12:3350.9 4391.11 8.3925
220 ‘ 0.10218  |2617.2 2821.6| G.3867 920 [0.27478 | 3890.2 1 4139.8 | 8.14330
230 0.10541 26394 2850.2 | (.4440 ;U-IU 0.27944 1 3929.8 | 4488.7 | 8.4743
240 0.10850 | 2660.2 2877.21 6.4973 | | 960 [0.28111 | 3969.7|4537.9| 8.5145
250 | 0.11150 iZ_!{SL\,'U.E_2!)'!]25.2 6.5175 | ’ 030 [0.28876 | 1009.9 | 4587.1| 8.5543
260 | 011441 |2699.7 2928.5 6.5952 | | 1000]0.29342 4050.2|1637.0| 8.5936 |
270 | 011726 S‘,Th\'.ti 2933.11 6.6109 |

[20 marks]
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Q.3 {a)

A centrifugal compressor running at 10500 rpm delivers 840 m®/min of free air. The air
is compressed from 100 kPa and 7°C to a compression ratio of 4 with an isentropic
efficiency of 84%. Impeller has radial blade at outlet and flow velocity of 62 m/s may be
assumed to be constant throughout. The slip factor is 0.92. At inlet, blade area coefficient
is 0.86. The outer radius of impeller is twice the inner. Determine (i) Final temperature
of air, (ii) Theoretical power required, (iii) Diameter of impeller at inlet and outlet, {(iv)
Breadth of impeller at inlet (v) Blade angle of impeller at inlet and (vi) Blade angle
diffuser at inlet. [For air take: CP =1.005 kJ/kgK, y=1.4]

[20 marks]
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Q.3 (b)

A solid cone of diameter 30 cm and height 20 cm float with its vertex downwards in

water as shown in figure. Analyze whether the cone would be stable and float in water

with its axis vertical if the specific gravity of cone material is 0.8.

Lin® T 2 —6dS

ALY
L Rt T R
R 2w

[20 marks]
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Q.3 (c}| Explain briefly the function of a draft tube. How Kaplan turbine differs with francis
turbine. A Kaplan turbine operating under a head of 7.6 m develops 1835 kW with an
overall efficiency of 88%. The turbine is set 2.6 m above the tail water level and vacuum
gauge inserted at turbine outlet records a suction head of 3.17 m. Calculate the efficiency
of the draft tube if it has an inlet diameter of 3.1 m and the loss of head due to friction in

the draft tube equals 25% of kinetic head at outlet.
[20 marks]
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Q.4 (a}| An axial flow compressor is required to deliver air at the rate 48 kg/s and provide a
total pressure ratio of 5 : 1. The inlet stagnation conditions being 290 K and 1 bar. The
isentropic efficiency is 88%. The compressor shall have 10 stages with equal rise in
total temperature in each stages. The axial velocity of flow is 160 m/s and blade speed
is kept at 210 m/s to minimise noise generation. The stage degree of reaction at mean
blade height is 50%. Assuming workdone factor as 0.86, calculate all the fluid angles
of the first stage. Also, calculate the tip and hub diameter, if hub-tip diameter ratio is
0.82. Also, determine the blade height of the first stage and the speed in rpm. Draw
velocity diagram at inlet and outlet of moving blade.

Take R = 0.287 k]/kgK and ¢, = 1.005 k]/kgK.

[20 marks]
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Q-4 (b)

Laminar flow of a fluid of viscosity 0.8 kg/ms and density 1300 kg/m?® occurs between
a pair of plates of extensive width. The plates are 15 mm apart and are inclined at 45° to
the horizontal. Pressure guages mounted at two points 1.2 m vertically apart on the
upper plate record a pressure of 75 kPa and 250 kPa. The upper plate moves with a
velocity of 2 m/s relative to the lower plate but in a direction opposite the fluid flow.

Determine
(i) the velocity and shear stress distribution between the plate.
{(ii) the maximum flow velocity, and

{iif) the shear stress on the upper plate. Q\&Q—Q
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Q.4 (c)| What are the advantages of using a 50% reaction stage, obtain the maximum blading
efficiency of a 50% reaction stage. Show that the diagram work per unit mass of steam for
maximum blading efficiency of a 50% reaction stage is U? where U is the mean blade
efficiency. Also, draw the velocity diagram of a 50% reaction turbine operating with
maximum blading efficiency.

[20 marks]
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2.5 (a) | A nuclear reactor with its core constructed of parallel vertical plate 2.4 m high and 1.50 m

wide has been designed on free convection heating of liquid bismuth. The maximum
temperature of the plate surface is limited to 970°C, while the lowest allowable
temperature of bismuth is 330°C. Calculate the maximum possible heat dissipation from
both sides of each plate. For convective coefficient the appropriate correlation is,

Nu = 0.13(Gr- Pr)!/?
The thermo-physical properties at mean film temperature of 650°C for bismuth are :

p =10 kg/m? pu = 3.12 kg/m-h; ¢, =150.7 ]/ kgK; k = 13.02 W/mK
LD [12 marks]

-
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Q.5 (b)

A solid alloy shaft of 80 mm in diameter is coupled with a hollow steel shaft of same
external diameter in series. If the angle of twist of the steel shaft per unit length is 72% of
that of the alloy shaft, then find the inner diameter of the steel shaft. What will be the
speed to transmit 720 kW, if the limiting shear stresses in the alloy and the steel are to be
64 MPa and 80 MPa, respectively? Take G, = 1.8 G ;-

[12 marks]
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Q.5 (c)| Briefly explain the working of thermostatic expansion valve for refrigerant flow control.
Draw a neat sketch and write the functions of thermostatic expansion valve.
[12 marks]
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Q.5(d)

Two blocks A and B are placed on an inclined plane. Weights of blocks A and B are
450 N and 560 N, respectively. Coefficients of friction between block A and plane is 0.25
and between block B and plane is 0.32 as shown in figure. To what angle 8, the plane
should be raised so that bodies start slipping down the plane? B

7))
T
[12 marks]
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5 (e)

A piston cylinder assembly contains 0.2 kg superheated steam at 30 bar and 300°C. This
assembly is placed in thermal contact with a reservoir at 300°C and the steam is allowed
to expand to 1 bar and 300°C, calculate the maximum work that can be obtained from the
steam. (Refer steam table attached)

Water /Steam at p = 0.10 MPa (T, = 99.606°C)

T | v u h | s T v u h s
*C | md/kg | kl/kg|ki/kg | kI/kg K| | °C | m®/ka| kJ/kg | kJ/ka |kl kg I
0 0.00100016, -0.04 | 0.06 1-0.00015 270 '?-if)i)!i".!?(.i-l.c');3(3)4.--1 £.1094

5 [0.00100003 | 21.02 | 2112 0.07625 230 2.5459 | 27798 3034.41 8.1459
10 0.00100030 42.02 | 42.12 | 0.15108 | | 290 | 2.5924 2795.2|3054.4! 8.1818
15 | 0.00100000 62.98 | 63.08 | 0.22445 | | 300 | 2.6388 | 2810.63074.5| 8.2172
20 10.00100180 $3.91 | 84.01 | 0.29646 | | 310 2.68 1232&2?3091.7 8.2520
25 (0.00100296 104.82 110492 0.36720 | | 320 |2.7; 3114.9| 8.2864

3135.1 | 8.3202

30 |0.00100437 1125.721125.82 043673 | | 330
35 | 0.00100600 146.62|116.72 0.50310 | | 340 3155.5 | N.3536
40 1 0.00100785  167.52 | 167.62 | 0.57237 350 | 3175.8 B.38606
45 [0.00100988 18841 | 188.51 | (163858 360 12,9173 '_’.!J!H.li.:ﬂ!](i.;i-} 8.-1191
50 |0.80101211 209.321209.42 | 0.70377 370 12,9637 | 2920.3 3216.7| 8.4512
55 |000101452 230,23 230.33 0.76798 380 1 3.0100 | 2936.3 32373 8.4829
60 | 0.00101709 251.15(251.25 0.83125 390 | 3.0564 | 29523 |3257.9| 8.5142
65 0.00101981 272.08[272.18 | 0.89361 400 | 3.1027 | 2868.3 3278.6| 8.5152
701 0.001022740203.02 293.121 0.95509 110 |3.1400 | 2081.1 | 3299.3 | 8.5757
7o 0.00102581 3139831408 L0157 | | 420 3.1!)53%Ii()(](l.(i_:i:!i&l}.l 8.6059
80 [0.00102903 334.951335.05 0 1.0755 430 13,2416 | 3016.7 133409 5.6358
835 10.00103241  355.95 :i:";(i.i}-"); L1346 | 440 3.2879 130331 :‘3361.?} 3.6653
90 0.00103594 376.96|377.06 1.1928 | | 450 | 3.33 1'_’i3l}~i!l.4|3:§<\'2.5 3.6946
95 D.00103962  398.00139%.10 1.2504 | 460 | 3.3305 | 3065.8 | 3403.9 8.7235
99.606 | 0.00104315 41740 [417.50 1 1.3028 | | 470 | 3.4267 | 3082.3 [3425.0| 8.7521
99.606,  1.6939 2505.5|2671.9] 7.3588 180 53.473{}%30‘.)8.9 F36.2 | 87804

100 16959 | 2506.2|2675.8 73610 | | 490 |3.5193 31155 | 3467.4| 8.8084

105 | L7204 |26G36.1 7.3883 | | 500 13.5655 [3132.1 | 3488.7| 8.8361

110 17447 12696.3 0 74155 520 | 3.6380 3165.8|3531.6| 8.8008

115 L7650 i 2706.5 T.1418 210 _.'{.T-')H:'),‘."H‘.)‘.-).{i 35747 84S

120 1.7952 [2716.6| 74678 | | 560 | 3.8430|3233.7 | 3618.0| 8.9072

125 1.8172 2726.7 7.4932 580 1 3.9354 1 3268.2 3661.7 | 9.0484
130 1.3112 i1 2736.7) 7.5183 GUD | 4.0279 133028 [ 3705.6| 9.099%
135 | 1.8652 2T46.7| 7.5129 620 1 4.1203 :iS,’jT.X_:ST-l!J.N" 9.1499

140 | 1.8891
M5 | 19129 2766.7| 7.5911 | | GGO 5231085 3830.0 | 9.2476
150 | 1.9367 2776.6| T.6148 | | G50 | 1.3976 | 3444.2 | 3884.0| 9.2951
155 | 1.9601 2786.5 T.6380 | | T00 44900 | 3480.13920.4| 9.3424
160 | 1981 2598.0/2796.4 ) T.6610 | | 720 4.5824 | 3516.8 | 3075.0| 0.3888
165 | 20077 2605.5|2806.3 7.6838 | | T40 | 4.6747 3353.4|4020.9| 9.4315
170 | 2.0313  2613.1|2816.2 7.7062 | | 760 |4.7671 | 3590.3 | 1067.0| 9.4797

7
{7
T i
T.B12756.7 7.56T2 610 | 1.2127 3373.0 3704.3 9.1991
= ;
7

=] =~I =1 =1

175 | 20549 |2620.6|2826.1 T.T284 | | TS0 | 4.8595|3627.6|1113.5| 9.5242
180 | 2.0785 26281 2836.0 7.7503 | | 800 | 1.9319|3665.04160.2) 9.5651
185 2.1020 26356 28458 77719 820 15,0443 | 3702.8 4207.2| 9.6115
190 | 20255 2643.1 2855.7) T.7934 | | 810 [5.1366 37108 42545 9.6541
195 | 21490 26G50.7|2865.6 7.8146 | | 860 |5.2200 3779.2 | 4302.1 1 9.6968
200 | 21721 2658.3|2875.5 T.8356 | | 880 5.3213 3317.8 4319.9| 9.7386
210 | 22193 2673.3|2895.2) T.8769 | | 900 | 5.4137|3856.6 | 1398.0| 9.7800
220 | 22661 2688.1]2015.0) 7.9171 | | 920 |5.5061 | 3895.8 | 4HG.4| 9.8209
230 | 23128 2703.5|2031.8 7.0572 | | 940 |5.5084|3935.2 | 4495.0| 9.8613
210 | 23595 27187 20546 7.9962 | | 960 | 5.6008|3971.8 1543.9| 9.9013
250 24062 2733.!3%297-1.5 8.0346 980 | 5. 7831 [4014.8 | 4593.1 | 9.9408
260 | 24528 2749.1|2994.4 8.0723 | 1000 5.8754 1055.1 4642.6 9.9800
270 | 24993 2764.5 30144 8.1004
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Water/Steam at p = 3.0 MPa (T, = 233.853°C)

Wy =

G

—
—

él\',\),_ Frowm 2hean [wades tolle.

B R = L o
1A% WM.

(Y

WA —

T v i uw | R s | |7 ) v | h | s ]
T C | w¥/kg [kI/kg kI/kg [kJ/kg K| | °C [ w/kg (kI/ke | kJ/kg kI ke K
0 |0.00099369] 0.01 | 3.01 : 040003 | | 270 [0.0750660]2689.7[2914.9 | 6.3987 |
5 10.00099361 | 21.00 | 24.00 [ 0.07619 | | 280 |0.6771620 2710.7 2942.2| 6.4486 |
10 0,00009892 41,94 | 4194 | 0.15051 ; 200 | 0.0791960 | 2731.0/ 2068.6| 6.4959 |
15 1000099955 | 6285 | 63.85 1 0.22400 | | 300 |0.08117902750.8 29943 6.5412 |
20 [0.00100047| 83.73 | 86.73 | 0L29556 | | 310 | 0.0831190|2770.1 30195 6.5847
25 |0.00100165 | 104.60 107.60] 036645 | | 320 | 0.0850220 | 2789.1| 3044.2 6.6266
300 [0.00100307 | 12545 128.46] 043584 | | 330 | 0.0868930 | 2807.7 |3068.4| 6.6672
35 |0.00100471 | 146.31 14932, 050400 | | 340 | 0.0887370 2826.2|3092.4 G.7066
40 |0.00100656 | 167.16 170.18] 0.57124 | | 350 |0.0905560 28444 3116.1| G.7449
|45 |0.00100860 188.02) 191,05 0.63734 | | 360 | 0.0023550 2862.4 3139.5| 6.7523
500 000101082 208.89 21192, 070243 | 370 |0.0941340 28804 3162.8 | 6.3187
55 10.00101322(220.75 232.79{ 0.76654 | | 380 |0.0958970 |2898.2|3185.9| G.8544 |
GO {0.00101579|250.63 253,68 082971 | | 390 | 0.0976G150|2915.9|3208.8 | 6.5592
65 0001018521 27152 27458 0.89195 | | 400 |0.0093790 | 2933.6 3231.7| 6.9234 |
70 |0.00102140 292.43295.49 | 095336 | | 410 | 0.10110 | 2951.1 32544 69570 |
75000102446 | 31:3.35 | 316.42 1.(1;39i 420 | 010281 | 2968.7(3277.1 | 6.9900
&b 0.00102766 | 33628 | 337,36 10736 | | 430 | 030451 |2086.2 3200.7 7.0224
85 [0.00103101|355.231358.42 11326 | | 440 | 010620 3003.7 3322.3| 7.0542
90 [0.00103452 37621 379.311 11908 | | 450 | {10789 302010 3344.8| 7.0856
95 |0.00103818|397.20 400.311 1.2482 | | 460 | 0.10956  3038.6|3367.3| 7.1365
100 000104199 41821 142134 13050 | | 470 | 0.11123 3056.1 3389.8 | 7.1470
105 |0.00004595 | 439.26 {14290 1.3610 I 80| 011289 | 3073634123 | 71770
10 1000105006 460,35 463,50 14164 | | 490 | 0.11455 [3091.1 | 34348 7.2066
115 000105433 48146 484.62, 14712 | | 500 | 0.11620 | 31086 3457.2| 7.2354
126 |0L00105876 | 502,60 [505.78 15254 | | 520 | 011948 | 31488 45022 7.2033
123 [(LO0106334 | 523.80(526.09  1.5790 | | 540 | 0.12274 | 3179.0 3547.2| 7.3493
130 ﬂ.l)()JU{iS[)‘JJ545.()3_5-15.23 L6320 | | 560 | 0.12599 32143 3592.3 | 4041
135 [0.00107301 | 566.31 569.53| 1.6845 | | 580 | 01.12022 | 3240.8 3637.5| 7.4577
140 [0.00107810| 587.64 59087 17365 | | 600 | 0.13245 | 3285.4 3682.8| 7.5103
145 | 0.00108336 609.03 612.28 | L7380 | | 620 | 0.13366 | 33201.3 37283 7.5618
150 |G.00108881 63047 633.74 18390 | | 640 | 0.13886 |3357.4 37740 7.6124 |
155 [0.00109444[651.99 635.27 | L88YG | | 660 | 0.14205 |3303.8 3819.9] 7.6621 |
60 |0.00110027 | GTLAT  676.87 | 1.9397 GS[],‘ 14523 1 4430.3 1 3866.0| 7.7108
165 [0.00110630 | 695.221695.51] 19895 | | 700 | 0.14841 3467.0/3912.2| 7.7590
170 [0.00811255 | 716,95 720,20 2.0388 | | 720 | 0.13157 |3504.0(3958.7 7.8062
175 |0.00111901 |738.77 742.13] 2.0878 | | 740 | 015474 |3541.2[4005.4 | 7.8528
180 |0.00112571 | 760,68 764.06] 2.1365 | | 760 | 0.15700 3578.7 40524 7.8987 |
185 [0.00113265 | 782.69 786.091 2.1549 | | 780 | U.16105  3616.4 4090.5| 7.9439 |
190 [0.00TL5981 SO4.81[808.23] 2.2829 | 800 | 016120 |365.3 41469 7.9885 i
195 10.001147311827.04 83048 2.2807 | | 820 | 0.16734 |3692.6,4194.6G) 80325 |
200 [0.00113506|849.39 &52.86] 2.3282 | | &40 | 0.17048 | 3731042424 RO750
210000117149 894.50 | 898.01 1 2.4227 | | 860 | 0.17362  3769.6|4200.5| 8.1187
220 |0.00118031 940.19943.76 2.5161 | | 880 | 0.17675 3808.6 1333.9 8.1610 |
230 | 0.00120873 986.60(990.23| 2.6097 | | 900 | 0.17938 3847.9 4387.5| 8.2028 |
233.853 1 0.00121669 | 100.1.61008.3] 2.6455 920 | 0.18301 | 388T.3|4136.3| f.2.011 |
233.853 | 0.0666640 [2603.2 280320 61856 | | 940 | 0.18613 |3027.0 4185.1] 8.2810 |
L2000 DOGR23 2619.812824.5 62271 | | 960 | 0.18923 13967.0 15318 83252
250 | 0706270 | 2644.6|2856.5] G.2593 | | 980 | 0.19237 40072 45813 8.3651
260 | 00728950 | 2667.7 28864 G.3459 | [1000] 0.19519 40476 1631.1] 84015 |
270 | D.OTADBGU | 2689.7 29119 3987 '

6\ MR
12\ 6 W3INY
204D Wlguey Bpm AOWS 3 ey

[12 marks]
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Q6 (2)

In an aqua-ammonia absorption refrigeration system of 10 tonnes refrigeration capacity
the vapour leaving the generator are 100% pure NH, saturated at 40°C. The evaporator,
absorber, condenser and gengrator temperatures are -20°C, 30°C, 40°C and 170°C
respectively. At absorber exit (strong solution) the concentration of ammonia in solution
is 0.4 and enthalpy of 25 kJ/kg. At generator exit (weak solution) the concentration of
ammonia in solution is 0.2 and enthalpy of 700 kJ/kg. The enthalpy of saturated liquid
and saturated vapour ammonia at 40°C are 371.9 kJ/kg and 1473.3 k] /kg respectively.
The enthalpy of saturated vapour ammonia from évaporator exit at -20°C is 1420 k] / kg.

(i) Determine the mass flow rate of ammonia in the evaporator:

(ii) Carry outoverall mass conservation and mass conservation of ammonia in absorber

to determine mass flow rates of weak and strong solution.

(iii) Determine the heat rejection in absorber and condenser, heat added in generator
and C.O.P.

[20 marks]
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Q.6 (b)

An air preheater is used to heat up the air used for combustion by cooling the outgoing
products of combustion from a furnace. The rate of flow of the products is 12 kg/sec,
and the products are cooled from 600°C to 450°C and the specific heat at constant pressure
for products and for air are 1.09 kJ/kgK and 1.005 kJ/kgK respectively. The rate of air
flow is 8 kg/sec and the initial air temperature is 40°C. Determine the following :

(i) the initial and final availability of the products.
(ii) the irreversibility of the process.

(iii) if the heat transfer from the products were to take place reversibly through heat
engine, what would be the final temperature of the air and the power developed

by heat engine? Take ambient temperature T, = 300 K.
[20 marks]
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Q6 (q)

A beam AB of 6 m span is simply supported at the ends and is loaded as shown in figure

below. Determine : (i) Deflection at C, (if) Maximum deflection and (iii) Slope at end A.
Take E = 2 x 10° N/mm? and I = 2500 cm?.

3 kN
A lD £ s B
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-7 (a)

P

e

e

A

An ammonia ice plant operates between condenser temperature of 35°C and an
evaporator temperature of ~15°C. It produces 10 tons of ice per day from water at 27°C to
ice at -5°C. The NH, enters the cbmpressor as dry saturated vapour and leaves the

condenser as saturated liquid. Determine,
(i) The capacity of the refrigerating plant.
(ii) Mass flow rate of the refrigerant.

(iii) Power of the compressor motor if the isentropic efficiency of the compressor is 82%

and mechanical efficiency of the compressor is 94%.
(iv) Relative efficiency
Take latent heat of ice = 335 k] /kg
Specific heat of ice = 1.94 k] /kgK
Specific heat of water = 4.2 k]/kgK
Use the following properties of NH,

Saturation Enthalpy (kJ/kg) Eniropy kJ/kg-K Specific heat (k]/kg-K)
Temp. (°C) hy h, 5 5, Liquid, C,; [Vapour, C,,
-15 112.3 1426 0.457 5.549 e ==
35 347.5 1471 1.282 4.930 46 28

[20 marks]
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Q.7 (b)

Calculate the temperature difference between outer and inner surface of a thin hollow
tube having 4 mm and 6 mm inside and outside radius, respectively, when a current of
2.1 kA flows through it. For cooling the tube, the coolant water at temperature 20°C
circulates inside the tube. The heat transfer coefficient of water side is 12500 W/ mZK.
The outer surface of the tube is insulated. The electrical resistivity of material is
0.11 @mm?/m. The thermal conductivity of the material is 18 W/m?K. Find the heat

flow rate. Also obtain the expression for temperature difference between inner and outer

radius.
[20 marks]
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7 {9

Two vessels, A and B both cbntaining nitrogen, are connected by a valve which is opened
to allow the contents to mix and achieve an equilibrium temperature of 25°C. Before
mixing the following information is known about the gases in the two vessels.

Pressure Temperature Content
Vessel ‘A’ 1.2 MPa 55°C 35kg
Vessel 'B' | 07MPa’ »Cc | 24kg

Calculate the final equilibrium pressure and the amount of heat transferred to the
surroundings. If the vessel had been perfectly insulated. Calculate the final temperature
and pressure which would have been reached. Take y=1.4

; " [20 marks]
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3 ()

A simply supported beam beam of span L carries a uniformly distributed load W per
unit length on the whole span. Find the shape of beam of uniform strength, if

(i) the width is to be maintained constant, and

(ii) the depth is to be maintained constant.

Also, determine depth in case (i) and width in case (ii) at the mid-span. Take permissible

bending stress of beam as Cper-
[20 marks]
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=8 (b)| (i) Explain harmful effects of R-12 and R-22 refrigerant. Also suggest new eco-friendly
substitutes of these two refrigerants.

(ii) Define availability of a thermodynamic system. Also, derive the expression for
availability function or availability for a non flow process.

[10 + 10 marks]
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8 ()

Air at 22°C and at atmospheric pressure flows at a velocity of 4.8 m/s past a flat plate
with a sharp leading edge. The entire plate is maintained at a temperature of 58°C.
Assuming that transition occurs at critical Reynolds number of 5 x 10°, find the distance
from the leading edge at which the boundary layer changes from laminar to turbulent.
At the location also calculate:

{i) Thickness of hydrodynamic boundary layer

(i) Thickness of thermal boundary layer

(iii) Local and average convective heat transfer coefficient

(iv) Heat transfer from both side of plate per unit width of plate

(v) Mass entrainment in the boundary layer

Assume cubic velocity profile and approximate method. Thermo-physical properties of
air at mean film temperature of 40°C are: p = 1.128 kg/m? v = 16.96 x 10 m?/s;
k=0.02755 W/mK; Pr=0.7

[20 marks]
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