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answer all questions

Equipment or materials required 
– Calculator
– Formulae booklets (General + Convection + Thermodynamics)
– Thermodynamics tables A-5 and A-6 
















1. Question One: Heat Transfer Conduction (25 marks)

A composite furnace wall is made of fire brick, an air space and an outside of building brick. The thickness of air space is 10 mm and the width of the building brick part of the wall is 100 mm. The furnace wall temperature is 1200C and the outside brick temperature is 50C. Assuming,
k air = 0.034 W/m.C
k building brick = 1.33 W/m.C
and the temperature T2 of the wall at the air-fire brick boundary to be 840C,
i. Express the heat transfer coefficient of the fire brick layer  as a function of Q for 1 m2 of wall area.	[5]
ii. Determine the rate of heat transfer Q in W/m2.	[20]

Schematic: 
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2. Question Two: Heat Transfer Convection + Radiation (25 marks)

	The power of an electronic component is dissipated through a rectangular horizontal heat sink by convection and radiation into surroundings at 17C. The total rate of heat transfer through the heat sink is equal to the power dissipated by the component which is equivalent to 2.3 W. The surface temperature of the heat sink is measured to be 63C. The component has a width W = 15 mm and length L = 60 mm. The length L is to be considered as the significant length. An incorporated fan is generating an air flow velocity of 5.5 m/s. Determine the surface emissivity of the heat sink.


[bookmark: _GoBack]Schematic:

QTotal = QConvection + QRadiation 
Where QTotal = Power dissipated by component through heat sink = 2.3 W
Heat sink temperature
Ts = 63C

Air temperature
Tf =  17C
uf = 5.5 m/s



W = 15 mm




L = 60 mm







Assumptions:
· Steady-state conditions.
· Constant properties.
· Heat sink thickness is negligible.
· Properties of air at 40C:  = 1.128 kg/m3,  = 0.019×103 kg/m.s, k = 0.0359 W/mK, cp = 1.01 kJ/kg.K





3. Question Three: Fluid Flow (25 marks)

A 5 cm constant diameter pipeline falls a horizontal distance h of 3 m from the open oil reservoir opening as shown in the schematic. The pipeline is inclines at 55 from the horizontal. The density of the oil is 943 kg/m3. The pipeline discharges the oil in the atmosphere at a rate of 45 kg/s. The head of oil above the pipeline entrance is 6 m and the loss of head due to pipe friction is 1.75 m. Determine,
i. The vertical height d from the reservoir opening to the point of discharge B.	[20]
ii. The length of the pipeline.	[5]



Schematic:


[image: ]Density ρ =  943 kg/m3
frictional losses:   hf = 1.75 m
Φpipe = 0.05 m









4. Question Four: Thermodynamics, Open system (25 marks)

In large steam power plants, the feedwater is frequently heated in closed feedwater heaters, which are basically heat exchangers, by steam extracted from the turbine at some stage. Steam enters the feedwater heater as superheated water at 0.05 MPa, 250C and a mass flow rate of 5 kg/s, and leaves as saturated liquid at 50 kPA. Feedwater enters the heater as saturated liquid at 100 kPa through inlet 1, and as saturated liquid at 150 kPa through inlet 2. Feedwater leaves as saturated liquid at 125 kPa. If the heat exchanger is well insulated,
i. Express in a table energy and mass balances for all possible systems.	[10]
ii. Determine the heat transfer rate from the steam to the feedwater.	[10]
iii. [bookmark: _Hlk37165140]Determine the mass flow rates of the feedwater at both inlets 1 and 2 if the feedwater exits the tank at a rate of 55 kg/s.	[5]


Schematic:
Feedwater

P1 = 100 kPa
Sat. liquid
QS

P3 = 125 kPa

Sat. liquid

1

3


P2 = 150 kPa
Sat. liquid

2



4
5

P4 = 0.05 MPa
T4 = 250C
 kg/s
Superheated water
P5 = 50 kPa
Sat. liquid






Assumptions:
· Steady-flow process.
· Kinetic and potential energy changes are negligible.
· There are no work interactions.
· Heat loss from the device to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid.
· The properties of saturated and superheated water can be found in Tables A-5 and A-6.
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892 Thermodynamics

Saturated water—Pressure table

Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap.,
PkPa T, ,°C v Vg uy Ugg ug hy hyg hg ¢ St
1.0 6.97 0.001000 129.19 29.302 2355.2 23845 29.303 2484.4 2513.7 0.1059 8.8690
1.5 13.02 0.001001 87.964 54.686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314
2.0 17.50 0.001001 66.990 73.431 2325.5 2398.9 73.433 2459.5 25329 0.2606 8.4621
25 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 0.3118 8.3302
3.0 24.08 0.001003 45.654 100.98 2306.9 2407.9 100.98 24439 2544.8 0.3543 8.2222
4.0 28.96 0.001004 34.791 121.39 2293.1 24145 121.39 24323 2553.7 0.4224 8.0510
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 24053 2574.0 0.5763 7.6738
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 2392.1 25839 0.6492 7.4996
15 53.97 0.001014 10.020 22593 2222.1 24480 22594 23723 2598.3 0.7549 7.2522
20 60.06 0.001017 7.6481 251.40 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752
25 64.96 0.001020 6.2034 271.93 2190.4 24624 271.96 23455 2617.5 0.8932 6.9370
30 69.09 0.001022 5.2287 289.24 21785 2467.7 289.27 23353 2624.6 0.9441 6.8234
40 75.86 0.001026 3.9933 317.58 2158.8 2476.3 317.62 2318.4 2636.1 1.0261 6.6430
50 81.32 0.001030 3.2403 340.49 2142.7 2483.2 340.54 2304.7 2645.2 1.0912 6.5019
75 91.76 0.001037 2.2172 384.36 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426
100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 2257.5 2675.0 1.3028 6.0562
101.325 99.97 0.001043 1.6734 41895 2087.0 2506.0 419.06 2256.5 26756 1.3069 6.0476
125 105.97 0.001048 1.3750 444.23 2068.8 2513.0 44436 2240.6 26849 1.3741 5.9100
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 1.4337 5.7894
175 116.04 0.001057 1.0037 486.82 2037.7 25245 487.01 2213.1 2700.2 1.4850 5.6865
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 1.5706 5.5171
250 127.41 0.001067 0.71873 535.08 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453
275 130.58 0.001070 0.65732 548.57 1991.6 2540.1 548.86 2172.0 2720.9 1.6408 5.3800
300 133.52 0.001073  0.60582 561.11 1982.1 2543.2 561.43 2163.5 27249 1.6717 5.3200
325 136.27 0.001076 0.56199 572.84 1973.1 25459 573.19 21554 2728.6 1.7005 5.2645
350 138.86 0.001079 0.52422 583.89 1964.6 25485 584.26 2147.7 2732.0 1.7274 5.2128
375 141.30 0.001081 0.49133 594.32 1956.6 2550.9 594.73 2140.4 2735.1 1.7526 5.1645
400 143.61 0.001084 0.46242 604.22 19489 2553.1 604.66 2133.4 2738.1 1.7765 5.1191
450 147.90 0.001088 0.41392 622.65 1934.5 2557.1 623.14 2120.3 2743.4 1.8205 5.0356
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285

(]

0.001104

0.001108
0.001111

0.29260

0.27278
0.25552

683.37

696.23
708.40

2569.4

2571.8
2574.0

684.08

697.00
709.24

2759.6

2762.8
2765.7

1.9623

1.9918
2.0195

4.7699

4.7153
4.6642

Sat.
vapor,

Se

8.9749
8.8270
8.7227
8.6421
8.5765

8.4734
8.3938
8.2501
8.1488
8.0071

7.9073
7.8302
7.7675
7.6691
7.5931

7.4558
7.3589
7.3545
7.2841
7.2231

7.1716
7.1270
7.0877
7.0525
7.0207

6.9917
6.9650
6.9402
6.9171
6.8955

6.8561
6.8207
6.7886
6.7593
6.7322

6.7071
6.6837
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TABLE A-6

Superheated water

| Thermodynamics

T
°C

Sat.
50
100
150
200
250
300
400
500
600
700
800
900
1000
1100
1200
1300

Sat.
150
200
250
300
400
500
600
700
800
900

1000

1100

1200

1300

Sat.
200
250
300
350
400
500
600
700
800
900

1000

1100

1200

1300

v u h s v u h s v u h s
m¥kg  kikg klkg kikg-K| mikg  kikg klkg klkg-K| mikg klkg klkg klkg- K
P = 0.01 MPa (45.81°C)* P = 0.05 MPa (81.32°C) P = 0.10 MPa (99.61°C)
14.670 2437.2 2583.9 8.1488 3.2403 2483.2 26452 7.5931 1.6941 2505.6 2675.0 7.3589
14.867 24433 2592.0 8.1741
17.196 2515.5 2687.5 8.4489 3.4187 2511.5 2682.4 7.6953 1.6959 2506.2 2675.8 7.3611
19.513 2587.9 2783.0 8.6893 3.8897 2585.7 2780.2 7.9413 1.9367 2582.9 2776.6 7.6148
21.826 2661.4 2879.6 8.9049 4.3562 2660.0 2877.8 8.1592 | 2.1724 2658.2 2875.5 7.8356
24.136 2736.1 2977.5 9.1015 4.8206 2735.1 2976.2 8.3568 | 2.4062 2733.9 2974.5 8.0346
26.446 2812.3 3076.7 9.2827 5.2841 2811.6 3075.8 8.5387 | 2.6389 2810.7 3074.5 8.2172
31.063 2969.3 3280.0 9.6094 6.2094 2968.9 3279.3 8.8659 | 3.1027 2968.3 3278.6 8.5452
35.680 3132.9 3489.7 9.8998 7.1338 3132.6 3489.3 9.1566 | 3.5655 3132.2 3488.7 8.8362
40.296 3303.3 3706.3 10.1631 8.0577 3303.1 3706.0 9.4201 4.0279 3302.8 3705.6 9.0999
44911 3480.8 3929.9 10.4056 8.9813 3480.6 3929.7 9.6626 | 4.4900 3480.4 3929.4 9.3424
49.527 3665.4 4160.6 10.6312 9.9047 3665.2 4160.4 9.8883 | 4.9519 3665.0 4160.2 9.5682
54.143 3856.9 4398.3 10.8429| 10.8280 3856.8 4398.2 10.1000 | 5.4137 3856.7 4398.0 9.7800
58.758 4055.3 4642.8 11.0429| 11.7513 4055.2 4642.7 10.3000 | 5.8755 4055.0 4642.6 9.9800
63.373 4260.0 4893.8 11.2326| 12.6745 4259.9 4893.7 10.4897 | 6.3372 4259.8 4893.6 10.1698
67.989 4470.9 5150.8 11.4132| 13.5977 4470.8 5150.7 10.6704 | 6.7988 4470.7 5150.6 10.3504
72.604 4687.4 5413.4 11.5857 | 14.5209 4687.3 5413.3 10.8429 | 7.2605 4687.2 5413.3 10.5229
P = 0.20 MPa (120.21°C) P = 0.30 MPa (133.52°C) P = 0.40 MPa (143.61°C)
0.88578 2529.1 2706.3 7.1270 0.60582 2543.2 27249 6.9917 | 0.46242 2553.1 2738.1 6.8955
0.95986 2577.1 2769.1 7.2810 0.63402 2571.0 2761.2 7.0792 | 0.47088 2564.4 2752.8 6.9306
1.08049 2654.6 2870.7 7.5081 0.71643 2651.0 28659 7.3132 | 0.53434 2647.2 2860.9 7.1723
1.19890 2731.4 2971.2 7.7100 0.79645 2728.9 2967.9 7.5180 | 0.59520 2726.4 2964.5 7.3804
1.31623 2808.8 3072.1 7.8941 0.87535 2807.0 3069.6 7.7037 | 0.65489 2805.1 3067.1 7.5677
1.54934 2967.2 3277.0 8.2236 1.03155 2966.0 3275.5 8.0347 | 0.772652964.9 3273.9 7.9003
1.78142 3131.4 3487.7 85153 1.18672 3130.6 3486.6 8.3271 0.88936 3129.8 3485.5 8.1933
2.01302 3302.2 3704.8 8.7793 1.34139 3301.6 3704.0 8.5915 1.00558 3301.0 3703.3 8.4580
2.24434 34799 3928.8 9.0221 1.49580 3479.5 3928.2 8.8345 1.12152 3479.0 3927.6 8.7012
2.47550 3664.7 4159.8 9.2479 1.65004 3664.3 4159.3 9.0605 1.23730 3663.9 4158.9 8.9274
2.70656 3856.3 4397.7 9.4598 1.80417 3856.0 4397.3 9.2725 1.35298 3855.7 4396.9 9.1394
2.93755 4054.8 4642.3 9.6599 1.95824 4054.5 4642.0 9.4726 1.46859 4054.3 4641.7 9.3396
3.16848 4259.6 4893.3 9.8497 2.11226 4259.4 4893.1 9.6624 1.58414 4259.2 48929 9.5295
3.39938 4470.5 5150.4 10.0304 2.26624 4470.3 5150.2 9.8431 1.69966 4470.2 5150.0 9.7102
3.63026 4687.1 5413.1 10.2029 2.42019 4686.9 5413.0 10.0157 1.81516 4686.7 5412.8 9.8828
P = 0.50 MPa (151.83°C) P = 0.60 MPa (158.83°C) P = 0.80 MPa (170.41°C)
0.37483 2560.7 2748.1 6.8207 0.31560 2566.8 2756.2 6.7593 | 0.24035 2576.0 2768.3 6.6616
0.42503 2643.3 2855.8 7.0610 0.35212 2639.4 2850.6 6.9683 | 0.26088 2631.1 2839.8 6.8177
0.47443 2723.8 2961.0 7.2725 0.39390 2721.2 2957.6 7.1833 | 0.29321 2715.9 2950.4 7.0402
0.52261 2803.3 3064.6 7.4614 0.43442 2801.4 3062.0 7.3740 | 0.32416 2797.5 3056.9 7.2345
0.57015 2883.0 3168.1 7.6346 0.47428 2881.6 3166.1 7.5481 0.35442 2878.6 3162.2 7.4107
0.61731 2963.7 3272.4 7.7956 0.51374 2962.5 3270.8 7.7097 | 0.38429 2960.2 3267.7 7.5735
0.71095 3129.0 3484.5 8.0893 0.59200 3128.2 3483.4 8.0041 0.44332 3126.6 3481.3 7.8692
0.80409 3300.4 3702.5 8.3544 0.66976 3299.8 3701.7 8.2695 | 0.50186 3298.7 3700.1 8.1354
0.89696 3478.6 3927.0 8.5978 0.74725 3478.1 3926.4 85132 | 0.56011 3477.2 3925.3 8.3794
0.98966 3663.6 4158.4 8.8240 0.82457 3663.2 41579 8.7395 | 0.61820 3662.5 4157.0 8.6061
1.08227 3855.4 4396.6 9.0362 0.90179 3855.1 4396.2 8.9518 | 0.67619 3854.5 4395.5 8.8185
1.17480 4054.0 4641.4 9.2364 0.97893 4053.8 4641.1 9.1521 0.73411 4053.3 4640.5 9.0189
1.26728 4259.0 4892.6 9.4263 1.05603 4258.8 4892.4 9.3420 | 0.79197 4258.3 4891.9 9.2090
1.35972 4470.0 5149.8 9.6071 1.13309 4469.8 5149.6 9.5229 | 0.84980 4469.4 5149.3 9.3898
1.45214 4686.6 5412.6 9.7797 1.21012 4686.4 5412.5 9.6955 | 0.90761 4686.1 5412.2 9.5625

“The temperature in parentheses is the saturation temperature at the specified pressure.

 Properties of saturated vapor at the specified pressure.

[« 5]
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- 3. Question Three: Fluid Flow (25 marks)
° A 5 cm constant diameter pipeline falls a horizontal distance h of 3 m from the open oil
- reservoir opening as shown in the schematic. The pipeline is inclines at 55° from the
- horizontal. The density of the oil is 943 kg/m?. The pipeline discharges the oil in the
- atmosphere at a rate of 50 kg/s. The head of oil above the pipeline entrance is 6 m and
© the loss of head due to pipe friction is 1.75 m. Determine,
~ i. The vertical height d from the reservoir opening to the point of discharge B.  [20]
N ii. The length of the pipeline. [51
9: Schematic:
o A
- 6m
s
- !
- Density p = 943 kg/m?
9 frictional losses: hf=1.75m
N Dpipe = 0.05m
- B
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