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21 (a)

A tank of constant cross-sectional area of 3.2 m? has two orifices each 10.5 x 10~* mZ in
area in one of it’s vertical side at heights of 8 mrand 2.0 m respectively above the bottom
of the tank. Calculate the time taken to lower the water level from 11 m to 4.6 m above
the bottom of the tank. Assume ¢, = 0.725.
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Q.1(b)

A centrifugal compressor runs at 12000 rpm and delivers 700 m3/min of free air at
pressure ratio of 5 : 1. The isentropic efficiency of compressor is 85%. The outer
radius of impeller (which has radial blades) is twice the inner one and the slip
coefficient is negligible. Assume that the ambient air condition are 1.01 bar and
290 K. The axial velocity of flow is 70 m/s and is constant throughout. Determine
(i) Power input to the compressor.

(i) Impeller diameters at inlet and outlet and width at inlet, and

(i) Impeller and diffuser blade angles at inlet.
[12 marks]
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Q1 (o)

The speed of rotation of a blade group of a 50% reaction turbine is 2500 rpm. The mean
blade speed is 120 m/s. The velocity ratio is 0.6 and the exit angle of the blade is 25°. If
the mean specific volume of the steam is 0.7 m®/kg and the mean height of the blade is
30 mm, calculate the mass flow of steam through the turbine in kg/h. Neglect the effect
of blade thickness on the annulus area.

If there are six pairs of blades in the group, calculate the useful enthalpy drop required

and the diagram power.
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Q1(d)

LR

A hollow cylinder closed at both ends has an outside diameter of 1.5 mylength 4 m and
specific weight 80 kN/m?. If the cylinder is to float just in stable equilibrium in sea

water, find it’'s minimum permissible thickness. Assume that sea water weighs 12 kN/m?>.
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Briefly explain the working of pulse jet engine. Write its advantages and disadvantages.

[12 marks]
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Q.2 (a)| A jet propelled unit travels at 200 m/s in air at 0.7 bar at -5°C. Air first enters a diffuser |
in which it is brought to rest relative to the unit and it is then compressed in a compressor
through a pressure ratio of 6.2 and fed to turbine at 975°C. The gas expands through the
turbine and then through the nozzle to atmospheric pressure (i.e. 0.7 bar). The efficiencies
of diffuser and nozzle are 0.92. The compressor and turbine efficiencies are 0.82. Pressure
drop in combustion chamber is 0.15 bar. Find the fuel-air ratio and specific thrust of
unit, If the inlet cross-section of the diffuser is 0.2 m?, calculate the total thrust. Assume
calorific value of fuel as 44000 k] /kg of fuel.

[20 marks]
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Q.2(b)

@)

(i)

(i)

¢

Calculate the friction drag on a plate 0.2 m wide and 0.6 m long placed longitudinally
in a stream of oil flowing with a free stream velocity of 8 m/s. Also find the
thickness of the boundary layer and shear stress at the trailing edge. Specific
gravity of oil is 0.945 and it’s kinematic viscosity is 1.2 x 10~* m?/s.

For turbulent flow in pipes (smooth as well as rough), show that

Ymax _ 133, +1
=

Mean point velocities measured, with the help of a pitot tube at mid-point and
quarter point of a 0.4 m diameter pipe were found to be 2 m/s and 1.85 m/s
respectively. If the flow in the pipe is turbulent, determine the discharge, friction
factor and average height of roughness projection.

[8 + 4 + 8 marks]
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Q.2 (c)

A single acting reciprocating pump has a stroke length of 50 cm and a cylinder diameter

of 25 cm. The suction pipe is 7 m long and has diameter of 10 cm. The water level in the

sump is 4.0 m below the cylinder.

(i) Calculate the maximum speed of pump, if separation is known to occur at
2.6 m water (abs).

(ii) If an air vessel is fitted on the suction side at a length of 2.5 m from the cylinder,
calculate the admissible maximum speed and the percentage change in discharge.

Take Darcy-Weisbach friction factor, f = 0.03. Assume atmospheric pressure = 10.3 m

water (abs).
[20 marks]
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Q.3 (a)

A helicopter gas turbine requires an overall compressor pressure ratio of 12 : 1. This is to
be obtained using a two-spool layout consisting of a five-stage axial compressor followed
by a single-stage centrifugal compressor. The polytropic efficiency of the axial

compressor is 90% and that of the centrifugal compressor is 84%.

The axial compressor has a stage temperature rise of 25K, using a 50% reaction design
with a stator outlet angle of 22°. If the mean diameter of each stage is 30 cm and each
stage is identical. Calculate the required rotational speed. Assume a work done factor of

0.85 and a constant axial velocity of 170 m/s.

Assuming an axial velocity at the eye of the impeller, an impeller tip diameter of
36 cm, a slip factor of 0.92 and power input factor of 1.05, calculate the rotational
speed required for the centrifugal compressor. Ambient conditions are 1 bar and
290 K.

[20 marks]
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Q.3 (b} | A steamn turbine is to operate between 160 bar, 560°C and 0.15022 bar. The bucket velocity
is limited to 310 m/s and the average nozzle efficiency is expected to be 96%, except for
a 2-row Curtis stage for which it will be 92%. Nozzle angles will be assumed as 16° for
impulse stages and 26° for reaction stages.

All stages operate close to the speed of maximum efficiency. Estimate the number of

stages required for each of the following arrangements.
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(a) All simple impulse stages.

(b) All 50% reaction stages.

(c} A 2-row Curtis stage followed by simple impulse stages.

(d} A 2-row Curtis stages followed by 50% reaction stages.

Saturated Water and Steam (Temperature-based), Contd.

T
°C

Dgat
MPa

Volume, m® /kg

Energy, kJ/kg

Enthalpy, kJ/kg

Entropy, kJ/(kg K)
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61
62
63
64
65
66
67
638
69
70

71
72
73
74
75
76
T
78
79
80

0.0073849
0.0077878
0.0082096
0.0086508
0.0091124
0.0095950
0.010099
0.010627
0.011177
0.011752
0.012352

0.012978
0.013631
0.014312
0.015022
0.015762
0.016533
0.017336
(0.018171
0.019041
0.019946

0.020888
0.021867
0.022885
0.023943
0.025042
0.026183
0.027368
0.028599
0.029876
0.031201

0.032575
0.034000
0.035478
0.037009
(.038595
0.040239
0.041941
0.043703
0.045527
0.047414

0.00100789
0.00100828
0.00100868
0.00100909
0.00100950
0.00100992
0.00101036
0.00101079
0.00101124
0.00101169
0.00101215

0.00101262
0.00101309
0.00101357
0.00101406
0.00101455
0.00101505
0.00101556
0.00101608
0.00101660
0.00101713

0.00101766
0.00101821
0.00101875
0.00101931
0.00101987
0.00102044
0.00102101
0.00102159
0.00102218
0.00102277

0.00102337
0.00102398
0.00102459
0.00102521
0.00102584
0.00102647
0.00102710
0.00102775
0.00102840
0.00102905

19.515
18.563
17.664
16.814
16.011
15.252
14.534
13.855
13.212
12.603
12.027

167.52
171.70
175.88
180.06
184.24
188.42
192.61
196.79
200.97
205.15
209.33

11.481
10.963
10.472
10.006
9.5643

213.51
217.70
221.88
226.05
230.24
9.1448 | 231.42
8.7466 | 238.60
8.3683 | 242.79
8.0089 | 246.97
7.6672|251.16

255.35
259.53
263.72
267.91
272.09

7.3424
7.0335 |
6.7396
6.4598
6.1935
5.93991276.27
5.6984 | 280.46
5.4682 | 284.65
5.2488|288.84
5.0395|293.04

4.8400 |
4.6496
4.4680
4.2945
4.1289
3.9708
3.8197
3.6752
3.5372| 330.76
3.4052 | 334.96

297.23
301.42
305.60
309.80
313.99
318.18
322.38

326.58 |2

24294
2430.7
2432.1
2433.4
2434.7
2436.1
24374
2438.8
2440.1
2441.4
2442.7

2444.1
2445.4
2446.7
2448.0
2449.3
2450.6
2452.0
2453.2
2454.6
2455.9

2457.2
2458.5
2459.8
2461.1
2462.4
2463.7

2465.0 |-

2466.3
2467.6
2468.9
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167.53 | 2 2406.0
171.71|2575.3 | 2403.6
175.89|2 2401.2
180.07 [2578.9|2398.8
184.25|: 2396.4
188.4312582.4|2394.0
192.6212584.22391.6
196.80|2586.0 | 2389.2
200.98 | 2587.8 | 2386.8
205.16 | 2589.5|2384.4
209.3412591.3 | 2381.9

213.52
217.71
221.89
226.07
230.26
234.44
238.62
242.81
246.99
251.18

2593.1
2594.8
2596.6
2598.3
2600.1
2601.8
2603.6
2605.3
2607.1
2608.8

2379.5
2377.1
2374.7
2372.3
2369.8
2367.4
2365.0
2362.5
2360.1
2357.7

5.37|2610.6
5(20612.3
412614.0
3|2615.8
2617.5
2619.2
2621.0
22622.7
2624.4
2626.1

2355.2
2352.8
2350.3
23478
2345.4
2342.9
2340.5
2338.0
2335.5
2333.0

297.26
301.45
305.64
309.84
314.03
318.22
322.42
326.62
330.81
335.01

2627.8
2629.5
2631.2
2632.9
2634.0
2636.3
2638.0
2639.7
2641.3
2643.0

2330.5
2328.1
2325.6
2323.1
2320.6
23181
2315.6
2313.0
2310.5
2308.0

0.57240
0.58573
0.59901
0.61225
0.62545
0.63861
0.65173
0.66481
0.67785
0.69085
0.70381

0.71673
0.72961
0.74245
(0.75526
0.76802
0.78075
0.79344
0.80610
0.81871
0.83129

0.84384
0.85634
0.86882
0.88125
0.89365
0.90602
0.91835
0.93064
0.94291
0.95513

0.96733

0.97949

0.99161
1.0037
1.0158
1.0278
1.0398
1.0517
1.0637
1.0756

8.2555 | 7.6831
8.2368 | 7.6511

8.2182
8.1998
8.1815
8.1633
8.1453

8.1275 |

8.1098
8.0922
8.0748

8.0576
8.0404
8.0234
8.0066
7.9898
7.9732
7.9568
7.9404
7.9242
7.9081

7.8922
7.8764
7.8607
7.8451
7.8296
7.8142

7.7990 |

7.7839
7.7689
7.7540

7.7392
7.7246
7.7100

7.6955
7.6812

7.6670

7.6528
7.6388
7.6249 6.5612

7.6111

7.6192
7.5875
7.5560
7.5247
7.4936
T.4627
7.4320
7.4014
7.3710

7.3408
7.3108
172810

7.2513

7.9218
17.1925
7.1633
7.1343
|7.1055
7.0769

7.0484
1 7.0200
16.9918
6.9638
6.9359
$.9082
6.8807
6.8532
6.8260)
6.7989

6.7719
6.7451
16.7184
6.6918
6.6654
16.6392
6.6130
6.5871

6.5355
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Water/Steam at p = 16.0 MPa (T, = 347.355°C)

T v U h 5 T v [ h 5"
C| md/kg |Ki/kg |ki/kg|[ki/kg K| | °C | mP/kg | ki/ke | ki/ke |K)/kg K
0 |0.00099228| 0.18 | 16.06 | 0.00046 | | 270 |0.00127925 1162.2|1182.7| 2.9468
5 10.00099241| 20.90 | 36.78 [ 0.07563 | | 280 [0.00130718|1211.8|1232.7| 3.0380
10 |0.00009288| 41.59 | 57.48 | 0.14939 | | 290 |0.00133865{1262.7|1284.1| 3.1302
15 [0.00009364| 62.28 | 78.18 | 0.22182 | | 300 |0.00137464 |1315.4 1337.4| 3.2240
20 |0.00099466 | 82.95 | 98.86 | 0.29300 | | 310 |0.00141665|1370.5 1393.2| 3.3204
25 0.00099592| 103.62| 119.55| 0.36297 | | 320 |0.00146711 1428.6 1452.1| 3.4206
30 0.00099739|124.28140.24 | 0.43180 | | 330 [0.00153044 1491.3|1515.8| 35271
35 0.00099906| 144.96]160.94| 0.49952 | | 340 |0.00161630|1561.5|1587.4| 3.6447
40 [0.00100092 | 165.64| 181.65| 0.56617 | |347.355|0.00170944 | 1622.3|1649.7| 3.7457
45 |0.00100296|186.31 | 202.36| 0.63180 | [347.355|0.00030880 | 2431.9| 2580.3| 5.2463
50 [0.00100517|207.01|223.09| 0.69644 | | 350 |0.00976580 2460.7|2617.0| 5.3045
55 0.00100755 | 227.70 | 243.82| 0.76012 | | 360 | 0.0110610 |2538.8|2715.8| 5.4619
60 |0.00101007 | 248.41[264.57| 0.82288 | | 370 | 0.0120460 |2595.7|2788.4| 5.5756
65 |0.00101276 | 260.14{285.34| 0.88474 | | 380 | 0.0128780 |2642.3|2848.3| 5.6681
70 {0.00101559 | 289.86 | 306.11| 0.94573 | | 390 | 0.0136130 |2682.8|2900.6| 5.7476
75 [0.00101856 | 310.61|326.91 | 1.0059 400 | 0.0142810 |2719.1|2947.6| 5.8179
80 |0.00102168 | 331.36|347.71| 1.0652 410 | 0.0148990 |2752.3]2990.7| 5.8816
85 |0.00102494|352.14 | 368.54| 1.1238 420 | 0.0154780 |2783.4|3031.0| 5.9401
90 [0.00102835 |372.94{389.39| 1.1816 430 | 0.0160260 | 2812.6/3069.0| 5.9945
05 0.00103189393.74(410.25 | 1.2387 440 | 0.0165480 |2840.3|3105.1| 6.0455
100|0.00103557 | 414.57| 431.14| 1.2950 450 | 0.0170490 2866.9|3139.7| 6.0937
105(0.00103939 | 435.43 | 452.06| 1.3507 460 | 0.0175310 |2892.5|3173.0| 6.1395
110{0.00104336 | 456.32 | 473.01 | 1.4057 470 | 0.0179980 |2917.3|3205.3| 6.1832
115(0.00104747 |477.22493.98| 1.4601 480 | 0.0184510 |2941.5(3236.7| 6.2252
120|0.00105172|498.16 [ 514.09 | 1.5139 490 | 0.0188920 |2963.0|3267.3| 6.2656
195(0.00105612 | 519.13 | 536.03| 1.5671 500 | 0.0193230 |2988.1|3207.3| 6.3046
130 |0.00106067 | 540.15 | 557.12| 1.6197 520 | 0.0201570 |3033.1|3355.6| 6.3790
135(0.00106537 | 561.19 | 578.24| 1.6718 540 | 0.0200610 |3076.7|3412.1| 6.4493
140{0.00107022 | 582.29 | 599.41 | 1.7233 560 | 0.0217390 |3119.4|3467.2| 6.5163
145]0.00107524 | 603.43 | 620.63| 1.7744 530 | 0.0224970 3161.2|3521.2 6.5804
150(0.00108042 | 624.61 | 641.90| 1.8250 600 | 0.0232380 3202.6|3574.4| 6.6421
155|0.00108577| 645.86 | 663.23 | 1.8751 620 | 0.0239630 | 3243.6|3627.0| 6.7016
160 0.00100129 | 667.16| 684.62( 1.9247 640 | 0.0246750 |3284.2|3679.0| 6.7501
165 |0.00100699 | 688.52| 706.07| 1.9740 660 | 0.0253760 |3324.6|3730.6| 6.8150
170(0.00110288 | 709.94| 727.50 | 2.0228 630 | 0.0260670 3364.8|3781.9| 6.8694
175(0.00110896 | 731.44 | 749.18 | 2.0713 700 | 0.0267490 3404.9|3832.9| 6.9224
180(0.00111525|753.02 | 770.86 | 2.1104 720 | 0.0274230 3445.0(3883.8| 6.9741
185(0.00112174 | 774.66 [ 792.61 | 2.1671 740 | 0.0280910 3485.0|3934.5| 7.0247
190|0.00112846 | 796.40|814.46 | 2.2145 760 | 0.0287520 | 3525.1|3985.1| 7.0742
195(0.00113540 | 818.23|836.40 | 2.2617 780 | 0.0204070 | 3565.2(4035.7| 7.1227
200 |0.00114259 | 840.16|858.44| 2.3085 800 | 0.0300580 |3G05.4(4086.3| 7.1703
210 |0.00115775| 884.34| 902.86| 2.4014 820 | 0.0307030 |3643.8[4137.0 7.2171
220 [0.00117405 | 928.99| 947.77| 2.4934 840 | 0.0313450 |3686.] [4187.6| 7.2630
230(0.00119164|974.17| 993.24| 2.5847 860 | 0.0319830 | 3726.6|4238.3| 7.3082
240 [0.00121069|1020.0{ 1039.4| 2.6754 880 | 0.0326170 | 3767.2[4280.1| 7.3526
250 [0.00123144| 1066.5| 1086.2| 2.7658 900 | 0.0332470 |3808.0|4340.0| 7.3964
260|0.00125417| 1113.8|1133.9| 2.8562 920 | 0.0338750 |3849.0 [4391.0| 7.4395
270 0.001279251162.2|1182.7| 2.9468 940 | 0.0345000 | 3890.2 | 4442.2| 7.4819
960 | 0.0351230 | 4931.4|4493.4| 7.5238
980 | 0.0357430 | 3972.9|4544.8| 7.5652
1000 | 0.0363610 | 4014.5|4596.3| 7.6060

[20 marks]
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Q.3 (¢)| A Francis turbine is to be designed to develop 400 kW of power under a head of 100 m
while running at a speed of 1000 rpm. Following are some data of turbine given:

(i) Ratio of width of runner to outer diameter of the runner = 0.15
(i) Ratio of inner diameter to outer diameter of the runner = 0.6
(iii) Flow ratio =0.2

(iv) Hydraulic efficiency = 92%

(v) Mechanical efficiency = 86%

(vi) Circumferential area occupied by thickness of vanes = 6%
Assuming constant flow velocity, calculate

(@) Guide vane angle (b) runner blade angle at inlet (c) blade angle at outlet.
[20 marks]
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Q4 (a)

»

by

A centrifugal pump lifts water under a static lift of 42 m of which 5 m is suction lift. The

suction and delivery pipes are both of 34 cm diameter. The friction loss in suction pipe’

is 2.5 m and in delivery pipe it is 7.0 m. The impeller is 0.6 m in diameter and 4 cm wide
at outlet and runs at a speed of 1000 rpm. The exit blade angle is 25°. If the manometric
efficiency of the pump is 86%, determine the pressures at the suction and delivery ends
of the pump and the discharge. Neglect the velocity at the outlet of delivery pipe.

(hiven | Cem;ﬁ&{ja} Pl [20 marks]
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Q.4 (b)

The steam consumption in a Parson’s reaction turbine running at 500 rpm is 7 kg /s. The
pressure of the steam at a certain pair is 2 bar, it's dryness fraction is 0.97 and power
developed by the pair is 5.4 kW. The discharging blade tip angle is 22° for both fixed
and moving blades and the axial velocity of flow is 0.75 of blade velocity. Calculate the
drum diameter and the blade height, assuming the tip lteakége as 7 percent and neglecting
the blade thickness. )

Take specific volume of saturated steam at 2 bar = 0.8851 m?/kg

Qe h - _ .
dvon—Tirdaive: [ ot = S0

[20 marks]
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Q4 (o)

()

(i)

D .
\ (owidoyhg 20

7) Roy s

Show that the discharge per unit width between two parallel plates distance b apart,
when one plate is moving at velocity V while the other one is held stationary, for

bV
the condition of zero shear stress at fixed plate is: 4= R

where g = Discharge per unit width

Laminar flow of a fluid of viscosity 0.85 kg/ms and mass density 1150 kg/m?3 occurs
between a pair of plates of extensive width : the plates are 12 mm apart and are
inclined at 45 degree to the horizontal. Pressure gauge mounted at two points 1.5
m vertical apart on the upper plate record pressure of 85 kN/m? and 270 kN/m?.
The upper plates moves with velocity of 2.5 m/s relative to the lower plate but in
direction opposite to the fluid flow. Make calculation for

(a) the velocity and shear stress distribution between the plates.

(b) the maximum flow velocity, and

(c) the shear stress on the upper plate

[10 + 10 marks]
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Q5 (a)

Ol

A steel rod of 2 cm in diameter and 5 cm long protrudes from a wall which is maintained
at 150°C. The rod is insulated at its tip and is exposed to an environment having heat
transfer coefficient as 70 W/m?K and at 25°C temperature. The thermal conductivity of
the rod is 40 W/ mK. Calculate the

() fin efficiency
(i) temperature at the tip of fin and

(iii) the rate of heat dissipation.
[12 marks]
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Q.5 (b)| A 25 cm diameter pipe has been laid in an atmosphere of quiescent air at 15°C and
conveys gas at 450°C. Calculate the heat loss per metre length of the bare pipe if the
convection heat transfer coefficient from a hot cylind¥rical surface freely exposed to still
air is prescribed the relation

h=1. 52[‘?:] W/m2K
where At is the temperature difference and ‘d’ is the diameter of the cylinder in metres,
what percentage reduction in heat loss would occur if the pipe is covered with 10 cm
thick layer of material whose thermal conductivity is 0.07 W/mK?
Cnver
S
=

[12 marks]

Nowh=as0 € | m.
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Q.5 (q)

| (oo BTN BITY 15

@}bog-gu(

_) 9"80/ ovn n )"€C‘/'Q(

oo W % |

(i) Write down the functions of expansion devices in a refrigeration system and briefly
explain their types.

(ii) With a neat sketch explain the principle and working of automatic or constant
pressure expansion valve.

[6 + 6 marks]

(M Theve pwe  VoBIOS WP@ @{ @y pansron
| OS2 }y@f@)\bt@(ﬁ{om S%ﬁfm

Suth oy ~ (2)
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Q.5(d)

Air in a piston-cylinder arrangement is heated at constant pressure by addition of
100 kJ/kg of air. The air is initially at atmospheric pressure and at a temperature of 40°C
while the surroundings is at 27°C. Calculate the change in availability per kg of air.

[Take, ¢, =1.005 kJ/kg-Kand P, =1 bar]
Qm%\n . 12 marks]
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Q.5 ()

A shaft tapers uniformly from a diameter (d - 24) at one end to (d + 2a) at the other is
transmitting power under the action of an applied torque T. Assuming the value of
a = 0.15d. Calculate the percentage error in the angle of twist for a given length, when

evaluated on considering constant diameter 4.

X , T

(e,

[12 marks]
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Q6 (a)

An engine cylinder system contains a gas mixture with volumetric analysis of 15% CO,,
17.5% O, and 67.5% N,. The temperature at the beginning of expansion is 1200°C and
gas mixture expands reversibly through a volume ratio of 8 : 1 according to the law
1 = ¢,

Calculate for per kg of gas:

(@) The work done

(b) The heat flow

() The change in entropy

[Take the value of c, for constituents CO,, O, and N, as 1.235 kJ/kg-K, 1.088 k] /kg-K

and 1.172 kJ/kg-K respectively]
[20 marks]
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Q.6 (b)

&{:[ou) = [_M X ERE

o S Ly
= |2 In o.sm(,) 02633 0'0”}%’9

:) w—On()D(@@ eré% g
g (AS)W%W\ - bB6S) L3 )

A beam having cross-section as shown in figure is made of a material with permissible
stress in compression and tension equal to 120 N/mm? and 160 N/mm? respectively.
Calculate the moment of resistance of the cross-section, when subjected to a moment
causing compression at the top and tension at the bottom. Also calculate the compressive
force in the top flange and tensile force in the bottom flange corresponding to this moment.
o160 —— " ‘

50
40, 20
LJ I

80
{All dimensions are in mm)

[20 marks]
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Q.6 (¢)

T oo 89KV
o™ © 7 Tinin

An infinite composite slab is made of two layers A and B of different materials. The
layer A is 5 cm thick, has variable thermal cohductivity ask,=0.2(1 +0.05t), where 't Is
temperature in °C, and its exposed surface is insulated. The layer ‘B’ is 5 cm thick, has
thermal conductivity 25 W/mK and its outside surface is exposed to a fluid at 30°C
where the convective heat transfer coefficient is 42 W/m?K. The temperature at the
interface between the two layers is estimated to be 70°C. Determine

(i} Rate of heat flux from the slab to the fluid.
(i) Maximum temperature in the system, and

(iii) Location of the point from the insulated surface where the temperature is 80°C.
[20 marks]
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Q7@

A Freon 12 simple saturation cycle operates at temperature limits of 30°C and -10°C for
the condenser and evaporator respectively. Determine work input and ton of refrigeration
for unit mass flow rate of refrigerant. ]

If a liquid-vapour heat exchanger is installed in the system, with the temperature of the
vapour leaving the heat exchanger at 20°C, what will be the change in work input and
ton of refrigeration? [Use R12 table property table as given]

Thermodynamic Properties of R12

Safwrg~  Satura- Saturated Liquid and Vapour Vapour Superheated
tion tion
Temp,  Pressure By 10 By 40°C
1 P v u iy B, 5 5y k 1 h ¥
L0 (bar} kg ik kg 0dA)y  (kIAkeK) (kIkeKy (kkg) (kg Kr  (kIkg)  (kdfkegK)
=40 0.6417 0.66 0.2421 0 169.0 Q 0.7274 180.8 07737 1524 0.8178
=35 0.8069 0.67 0.1950 4.4 171.9 0.0187 07220 1833 0.768] 195.1 0.8120
-10 1.0038 0.67 0.1595 8.9 174.2 00371 07174 185.8 0.7631 197.8 0.5068
=25 1.2368 0.68 0.1313 133 176.5 0.0552 0.7 188.3 0.7586 200.4 0.8021
~20 1.5089 0.69 0.1089 178 178.7 00731 0.7088 190.8 0.7546 203.1 0.7979
=15 1.8256 0.69 0.9 223 £81.0 0.0906 0.7052 1932 0.7510 2057 .7942
-0 2.1912 0.70 0.0767 269 183.2 0.1080 0.7020 195.% 0.7477 2083 0.7909
-5 2.610 0.71 0.9650 314 185.4 0.125¢ 0.6991 198.1 0.7449 2109 0.7879
o 3.086 0.72 00554 36.1 187.3 Q.1420 0.6966 200.5 0.7423 2135 0.7853
5 3.626 0.72 0.0475 an.7 189.7 0.3587  0.6942 202.9 0.7401 216.1 0.7830
10 4.233 0.73 0.0409 454 191.7 0.1752 0.5921 205.2 0.7381 218.6 47810
15 4.914 0.74 0.0354 50.1 1938 " 01915 0.6%02 207.5 0.7363 212 0.7792
20 5.673 0.75 0.0308 549 195.8 02078  0.5885 9.8 0.7348 2237 0.1777
25 6.516 0.76 0.0269 59.7 1977 0.2239 0.686% 2521 0.7334 226.1 0.7763
30 7.450 0.77 0.0235 64.6 199.6 02399  0.6854 2143 0.7321 228.6 07754
35 8.477 0.79 0.0206 69.5 2015 02559 0.6839 2164 Q7310 2310 0774}
40 9.607 0.80 0.0182 14.6 2032 0.2718 046825 2185 0.7300 2334 0.77132
45 10.843 0.81 0.0160 9.7 2049 0.2877 06812 220.6 07291 2357 0.7724
50 12.193 043 0.0142 84,9 206.5 0.3037 0.6797 222.6 0.7282 2380 07718
40 15.259 0.38 G011 957 2003 03358 0.6777 2264 0.7265 2424 0.7706
|_ 70 18.859 8.90 0.0087 1073 211.5 03686  (.6738 230.2 0.7240 2462 . 07650
“Haywood R W, Thenmodvnomics Tables in S.1. Units, Cambridge University Press, 1968, p.22.

[20 marks]
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Q.7 (b)

Three moles of an ideal gas at temperature T and pressure P are contained in a
compartment. In an adjacent compartment is two moles of an another ideal gas at
temperature 2T and pressure P. The gases mix adiabatically but do not react chemically
when a partition separating the compartments is withdrawn. Show that the entropy
increase due to mixing process is given by

3125y , 16807
108 y—-1 12500

As = E(In

where R is the universal gas constant and the ratio of specific heats i.e., vy is same for

both the gases and remains constant.
: [20 marks]

G\\Je\f\ 9

U> ’gdw\ Wd }fhﬂ"@% ) |
L]\) No  Heod preachon %wm (7). (ol -
@i G G R v nob 1

o, (ynoidlly - bolv i - O
—7 O 1
POR I S &

&Y\Mv}ww




Don
MBDE EASY Question Cum Answer Booklet | Page62of 72 || ;;fn": in

Temur e /émmﬂ - V,
Prr= A g > P Qqfe=%tp,

P ( L
Loy foy gmﬁ; . 1
_ = " =Gz 'z
Tar= g0 o~ VAP 3 h= Gz

j)gygﬁmé-?ﬁﬂfﬂ%/
3 g Gw BT
g =0 T K P?/ .

2 [C@ /?;l == Jw 2;]
o1 08 1ot = B p o (f) - ’Zwsg :
+ 5 - ey

g C%[@@DL} _ Y | fo8

12700 S




MADE ERSY4Y Question Cum Answer Booklet

| Page 63 of 72

Do not
write in
this margin

Q7 (¢
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A beam 8 m in length simply supported at ends A and B is loaded with two point loads
of 40 kN each at a distance of 3 m and 4 m respectively from end A. Determine the
position and magnitude of the maximum deflection. Take E = 2.5 x 10° N/mm? and

[20 marks]
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Q38 (a)

Air at 20°C and at atmospheric pressure is flowing past a flat plate at 5 m/s velocity. The
plate is heated over its entire length to a uniform temperature of 90°C. Calculate the heat
transfer and the drag force for 50 cm length of the plate. The relevant thermo-physical
properties of air are:

Density, p = 1.2 kg/ m?; Specific heat, £ 53 1.005 kJ/kg-K; Thermal conductivity,
k = 0.0275 W/mK; Viscosity, 1 = 19.13 x 10 kgs/m

[Assume unit width for the plate and air flow over both sides of the plate]
[20 marks]
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Q.8 (b)

(i) Show that the slope of a reversible adiabatic process on P-v coordinates is

@ = __16_P - wh k —1( ov
dv krve,’ RS ?(B_P]T

(i) Assuming the pulley to be smooth and coefficient of friction between the other
surfaces to be 0.25, what is the value of P in Newton as shown in the figure to cause
the system to impend?

9

600 N 4{

[10 + 10 marks]
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Q8 (| (i) A simply air-cooled system is used for an aeroplane to take the load of 25 tons.
Atmospheric temperature and pressure conditions are 25°C and 1 bar respectively.
The pressure of air is increased due to isentropic ramming from 1 bar to 1.1 bar.
The pressure of air leaving the main compressor is 4 bar and its 65% heat is removed
in the air-cooled heat exchanger and then it is passed through an evaporator for
further cooling. The temperature of air is reduced by 6°C in the evaporator. Lastly
the air is passed through cooling turbine and then it is supplied to the cooling
cabin in which the pressure is maintained at 1.05 bar. Assuming isentropic
efficiencies of the compressor and turbine are 85% and 82% find

(a) kW-capacity required to take the load in the cooling cabin.

(b) COP of the system

The temperature of the air leaving the cabin should not exceed 27°C.
[Take specific heat of air as 1 k] /kgK]

(i) With neat sketch, briefly explain the working of steam ejector system.
[15 + 5 marks]
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