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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 15 mm and the width of the building brick part of the wall is 100 mm. The furnace wall temperature is 1150C and the outside brick temperature is 45C. 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 870C,
i. Express the heat transfer coefficient of the fire brick layer  as a function of Q for 1 m2 of wall area.	[7]
ii. Express the overall heat transfer coefficient of the composite wall as a function of Q.	[9]
iii. Calculate the rate of heat transfer Q in W/m2.	[9]


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 length L = 44 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. If the surface emissivity of the heat sink is 0.8, calculate the width of the component.


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 




L = 44 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)

An open tank discharges oil of density 943 kg/m3 to the atmosphere through a pipeline at its base. The pipeline has a constant diameter of 7 cm and discharges the oil in the atmosphere at a rate of 46 kg/s. The potential head of oil above the pipeline entrance is 6 m and the loss of head due to pipe friction is 1.6 m.

i. Calculate the volumetric flow rate.	[5]
ii. Calculate the velocity of the oil at the point of discharge B.	[5] 
iii. Calculate the vertical height d from the pipeline entrance to the point of discharge B.	[10]
iv. Calculate the length of the pipeline, considering that the pipeline falls through a horizontal distance of 4 m from its entrance as shown in the schematic.	[5]


Schematic:
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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 0.1 MPa, 250C and a mass flow rate of 7 kg/s, and leaves as saturated liquid-vapour mixture at 150C and a quality of 2 percent. Feedwater enters the heater as a saturated liquid at 20C and a mass flow rate of 65 kg/s. Feedwater leaves as saturated liquid at 75C through outlet 4 and at 80C through outlet 5. Considering that the heat losses from the outer surfaces of the heater are 4% of the heat given up by the steam,

i. Express in a table energy and mass balances for all possible systems.	[10]
ii. Calculate the heat transfer rate QS from the steam to the feedwater.	[10]
iii. [bookmark: _Hlk37165140]Calculate the mass flow rates of the feedwater at both outlets 4 and 5.	[5]


Schematic:QL = 0.04QS
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Assumptions:
· Steady-flow process.
· Kinetic and potential energy changes are negligible.
· There are no work interactions.
· The properties of saturated and superheated water can be found in Tables A-4 and A-6.
· In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and is expressed as:

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no meaning in the compressed liquid or superheated vapour regions. In the saturated mixture region, the average value of any intensive property y is determined from:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.
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TABLE A-§

Superheated water

T u n s v u hoos v u hos
T mikg ke ke Whkg K| mikg  Wikg ke kg K| mike Kikg kg kikg K
001 wPa (45.81°0)" P = 0.05 wPa 81.32°C) 0.10 wPa 93.61°0)
Sl 14670 24372 25839 B.1488| 32403 24832 26452 7.5931 | 16941 25056 26750 7.3589
50 14867 24433 25920 81741
100 1709 25155 26875 84489| 34187 25115 26824 7.6953 | 16959 25062 26758 7.3611
150 19513 25879 27830 B.6893| 38897 25857 27802 79413 | 19367 25829 27766 7.6148
200 21826 26614 28795 89049| 43562 26600 2877.8 B1592 | 21724 26582 28755 7.8356
250 24136 27361 29775 9.1015| 48206 27351 29762 B3568 | 24062 27339 29745 B.0346
300 26446 28123 30767 9.2827| 52841 28116 30758 B.5387 | 26389 28107 30745 82172
300 31063 29693 32800 9.6094| 6209 29689 32793 BE6SO | 31027 29683 32786 B.5452
500 35680 31329 34897 0.8998| 7.1338 31326 34893 9.1566 | 35655 31322 34887 B.8362
600 40295 33033 37063 10.1631| 80577 33031 37060 9.4201 | 40279 33028 37056 9.0999
700 44311 34808 39295 104056| B9B13 34806 39297 9.6626 | 4.4900 3480.4 3929.4 9.3424
800 49.527 36654 41605 106312 9.9047 36652 41604 9.8883 | 4.9519 36650 41602 9.5682
900 54143 38569 43983 10.8429| 108280 38568 43982 10.1000 | 54137 38567 4390 9.7800
1000 58758 40553 46428 11.0423| 117513 40552 46427 103000 | 58755 40550 46426 9.9800
1100 63373 42600 48938 112326| 126745 42503 48937 104897 | 63372 4250.8 48936 101698
1200 67989 44709 51508 11.4132| 135977 44708 51507 106704 | 67988 4470.7 51506 103504
1300 72604  4687.4 54134 115857| 145209 4687.3 54133 108420 | 7.2605 4687.2 54133 105229
P = 020 MPa (120210) P = 030 MPa (133.52°0) P = 0.40 P2 (143610)
St 088578 25291 27063 7.1270| 060582 25432 27249 6.9917 | 04624225531 27381 6.8955
150 095986 2577.1 27691 7.2810| 063402 25710 27612 7.0792 | 0.470882564.4 27528 6.9306
200 108049 26545 28707 7.5081| 071643 26510 28659 7.3132 | 053434 26472 28609 7.1723
250 119890 27314 29712 77100| 079645 27289 2967.9 7.5180 | 05952027264 29645 7.3804
300 131623 28088 30721 7.8941| 087535 2807.0 30696 77037 | 065489 28051 3067.1 7.5677
300 154934 29672 32770 B2236| 103155 29660 32755 BO37 | 07726529649 32739 7.9003
500 178142 31314 34877 B5153| 118672 31306 34865 B.3271 | 08893631208 34855 81933
600 201302 33022 37048 57793| 134139 33016 37040 B5915 | 100558 33010 37033 B4SEO
700 224434 31795 39288 9.0221| 149580 34795 39282 88345 | 11215234790 3927.6 87012
800 2.47550 36647 41598 9.2473| 165004 3664.3 41593 00605 | 12373036639 41589 B9274
900 270656 3856.3 43977 9.4598| 180417 38560 4397.3 92725 | 135298 38557 43969 91394
1000 293755 40548 46423 9.6599| 195824 40545 46420 9.4726 | 14685940543 46AL7 9.33%
1100 316848 42596 48933 9.8497| 2.1226 4250.4 4B931 06624 | 15841442502 48929 9.5295
1200 339938 4470.5 51504 10.0304| 226624 4470.3 51502 98431 | 16996644702 51500 97102
1300 363026 4687.1 54131 102029| 2142019 46863 54130 100157 | 18151646867 54128 98828
050 MPa (151.83°0) P = 060 P2 (158.83°C) P = 080 MPa (170.410)
Sat. 037483 25607 27481 6.8207| 031560 25668 27562 6.7593 | 0.240352576.0 27683 6.6616
200 0042503 26433 28558 7.0610| 035212 2639.4 28506 6.9683 | 026088 26311 28398 68177
250 0.47443 27238 29610 7.2725| 039390 27212 2957.6 7.833 | 02932127159 29504 7.0402
300 052261 28033 30646 7.4614| 043442 28014 30620 7.3740 | 03241627975 30569 7.2345
350 057015 28830 31681 7.6345| 047428 28816 31661 75481 | 03544228786 31622 74107
300 061731 29637 32724 779%6| 051374 29625 32708 77097 | 03842929602 3267.7 7.5735
500 071095 31290 34845 B.0893| 059200 31282 34834 BO0A) | 04433231265 34813 7.8692
600 080409 33004 37025 B3544| 066976 32998 37017 B.2695 | 050186 32987 37001 B354
700 0899 34786 39270 B5978| 074725 34781 39264 B5132 | 05601134772 39253 B37%A
800 09896 36636 41584 B.8240| 082457 36632 4157.9 87395 | 06182036625 4157.0 B606L
900 108227 38554 43966 9.0362| 090179 38551 43962 BIS1E | 06761938545 43955 BEIES
1000 117480 40540 46414 92364| 097893 40538 46411 91521 | 07341140533 45405 90189
1100 126728 4259.0 48926 9.4263| 105603 42588 48924 93420 | 07919742583 48919 92090
1200 135972 44700 51498 9.6071| 113309 44698 51495 95229 | 08498044694 51493 93898
1300 145214 46866 54126 97797 | 121012 46864 54125 0.6955 | 090761 46861 54122 95625
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Saturated water—Temperature table

sat.  Sat sat. Sat. sat.  Sat. sat.  Sat. sat.
Temp., press., liquid,  vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
TC  PukPa v Y u v U by hg by s Sy 5

001 06117 0001000 20600 0000 23749 23749 0001 25009 25009 00000 9.155 9.1556
5 08725 0001000 147.03 21019 23608 23818 21020 24891 25101 00763 8.3487 90249
10 12281 0001000 10632 42020 23466 23887 42022 24772 25192 01511 87488 8899
15 17057 0001001 77885 62980 23325 23955 62982 24654 25283 02245 85559 87803
20 2339 0001002 57762 83913 23184 24023 83915 24535 25374 02965 8369 86661
2 31608 0001003 43340 10483 23043 24091 10483 24417 25465 03672 81895 85567
30 42469 0001004 32879 12573 22902 24150 12574 24298 25556 04368 80152 84520
35 56291 0001006 25205 14663 22760 24227 14664 24179 25646 05051 7.8466 83517
20 73851 0001008 19515 16753 22619 24204 167.53 24060 25735 05724 7.6832 8.255
5 05053 0001010 15251 18343 22477 24361 18844 2390 25824 0638 7.5247 81633

50 1235 0001012 1202 20933 20334 24427 20034 23820 25013 07038 7.3710 80748
55 15763 0001015 05639 23024 22101 24493 23026 23608 26001 07680 7.2218 7.98%8
60 19947 0001017 76670 25116 22047 24559 25118 23577 26088 08313 7.0769 7.9082
65 25043 0001020 61935 27200 21903 24624 27212 23454 26175 08937 69360 7.829%
70 31202 0001023  503% 29304 21758 24689 20307 23330 26261 09551 67989 7.7540

75 38597 0001026 41291 31399 21613 24753 31403 23206 26346 10158 66655 7.6812
80 47416 0001020 34053 33497 21466 24816 33502 23080 26430 1075 65355 7.6111
8 5788 0001032 28261 35596 21310 24878 35602 20953 26514 11386 64089 7.5435
90 70183 000103 23503 37697 21170 24940 377.04 20825 266506 11929 6.2853 7.4782
95 84603 0001040 10808 39800 21020 25001 39809 22606 2667.6 12504 6.1647 7.4151

100 10142 0001043 L6720 41906 20870 25060 419.17 22564 26756 13072 6.0470 73542
105 12090 0001047 14186 44015 20718 25119 44028 22431 26834 13634 59319 7.952
110 14338 0001052 12004 46127 20564 25177 46142 22297 26911 14188 58193 7.382
115 16918 000105 10360 48242 20400 2533 48250 22160 26986 14737 57092 7.1829
120 19867 0001060 089133 50360 20253 25289 50381 22021 27060 15279 56013 7.292

125 23223 0001065 077012 52483 20095 25343 52507 21881 27131 15816 5495 7.0771
130 27028 0001070 06808 54610 19934 25395 54638 21737 27201 16346 53919 7.0265
135 31322 0001075 058179 56741 19773 25047 56775 21591 27260 16872 52901 69773
140 36153 0001080 050850 58877 19600 25496 58916 21443 27335 17302 51901 69294
145 41568 0001085 044600 61019 19442 25544 61064 21292 27398 17908 50919 68827

15 47616 0001091 030248 63166 1927.4 25501 63218 21138 27459 18418 4.9953 68371
155 54349  000109% 034648 65319 19103 25635 65379 20980 27518 18924 4.9002 67927
160 61823 0001102 030680 67479 18930 25678 675.47 20820 27575 10426 48066 6.7492
165 70093 0001108 027244 69646 18754 25719 697.24 20656 27628 10023 47143 67067
170 79218 0001114 024260 71820 18575 25757 719.08 20488 27670 20417 46233 66650
175 89260 0001121 021650 74002 18394 25794 74102 20317 27727 20906 45335 66282
180 10028 0001127 019384 76192 18200 25828 76305 20142 27772 2.1392 44448 6.5841
185 11235 000113 017390 78391 18021 25860 78519 19%2 27814 21875 43572 65447
190 12552 0001141 015636 80600 17830 25890 807.43 1977.9 27853 22355 42705 65059
195 13988 0001140 014089 82818 17636 25017 82978 19500 2788 22831 4.1847 64678
200 15549 0001157 012721 85046 17437 25042 85226 19308 27920 23305 4.0997 6.4302





