NATIONAI. EXAMTNATIONS MAY 2002
98—-Mec-Al Applied Thermodynamics and Heat Transfer

3 Hours Duration

Notes:

If doubt exists concerning the interpretation of any question,
the candidate is urged to make assumptions and clearly explain
what has been assumed along with the answer to the question.

The examination is open book. As a consequence, candidates are
permitted to make use of any textbooks, references or notes.

Any non-communicating calculator is permitted. However,
candidates must indicate the type of calculator(s) that they
have used by writing the name and model designation of the
calculator(s) on the inside of the cover of the first
examination book.

It is expected that each candidate will have copies of both
a thermodynamics text and a heat transfer text in order to
make use of the information presented in the tables and graphs
contained.

Candidates are required to attempt five questions. Each
candidate must attempt either three questions from Part A and
two questions from Part B or two questions from Part A and
three questions from Part B in order to complete the
exanination.

candidates must indicate the questions in each section that
they wish to have graded on the cover of the first examination
book.

All gquestions carry the same value. Indicate which five
gquestions are to be graded on the cover of the first
examination workbook.

Continued on Page 2
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PART A THERMODYNAMTCS

1.(a) A refrigeration unit 0.05 m’ in volume is evacuated and then
slowly charged with Freon-12. During the filling process, the
temperature of the Freon-12 remains constant at the ambient
temperature 25°C. Determine (i) what the mass of Freon-12 in the
unit will be when the pressure reaches 250 kPa (ii) what the mass
of Freon-12 will be when the unit is entirely filled with vapour
and (iii) what fraction of the Freon-12 will be in the liquid phase
when 5 kg of Freon-12 have been loaded into the refrigeration unit.

(b) Liquid ammonia at a temperature of 20°C and a pressure of
1.2 MPa is mixed in a steady state, steady flow process with
saturated ammonia vapour at a pressure of 1.2 MPa. The mass
flowrates of liquid and vapour are equal and after mixing, the
pressure is 1.0 MPa and the quality is 85 %. Determine the rate of
heat transfer per kilogram of mixture.

2. A combined reheat / regeneration cycle utilizes steam as the
worklng fluid. The steam enters the high pressure turbine at

.5 MPa and 350°C from which some is extracted at 0.8 MPa for the
purposes of feedwater heating. The remainder of the steam is
reheated to 350°C after which it enters the low pressure turbine
from which some is extracted at 0.2 MPa for feedwater heating. The
condenser pressure is 10 kPa and both feedwater heaters are open.
Deplct the cycle on a T-s diagram and determine the thermal
efficiency and the net work output per kilogram of flowing steam.

3. A single stage compressor discharges air at 468,840 Pa line
pressure. The atmospheric pressure is 101,325 Pa. The clearance
volume is 5 % of the piston dlsplacement and n = 1.32 in the
relationship pv® = Constant. The pressure losses through the intake
valve and discharge valve are 3,450 Pa and 13,790 Pa respectively.
Neglecting the effects of heat transfer and leakage, depict the
cycle on a p-V diagram and determine the volumetric efficiency.

4. The following test data were obtained with a Freon-12 vapour
compression refrigeration system operating at steady state.

Condenser pressure 700 kPa

Evaporator pressure 150 KPa

Temperature at compressor inlet o°c
compressor outlet 70°C
condenser inlet 60°C
condenser outlet 15°
expansion valve inlet 20°C
evaporator outlet -10°C

The heat transferred from the refrigerant during compression is
3.35 kJ/kg. Depict the refrigeration cycle on a T-s diagram and
determine the coefficient of performance of the cycle and the
thermal efficiency of the compression process.

Continued on Page 3
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PART B HEAT TRANSFER See appendix 1 of 3 for a bigger diagram
5. The illustration at the

right depicts a soldering iron

used for making circuit board

connections comprised of a AL BRensone
cartridge heater bonded to e i i
a copper tip and surrounded
by a steel sheath. The steel
sheath may be considered to
transfer heat similar to an
infinite fin for which q,,, is
given by the relationship

Qioes = JHPKA,[TyooeT.]

where h is the heat transfer
coefficient at the outer
surface of the sheath, P is
the periphery (circumference)
of the outer surface of the
sheath, k 1is the thermal
conductivity of the steel,
A, is the cross sectional area of the sheath, T,, is the
temperature of the sheath at the point at which it is attached to
the copper tip and T. is the temperature of the ambient air. For the
analysis purposes, use the thermophysical properties listed below.

Soldering &
Iran ffJ

qg=30W h = 80 W/m2°C° T, = 20°C
Pster = 7850 kg/m’ Cerew = 435 J/kg'C Kseew = 40 W/m'C
Peopper = 8930 kg/m’ Ceopper = 385 J/kg°C Keopper = 400 W/m°C

When the copper tip touches the hemispherical solder blob depicted
in the illustration, the temperature of the copper tip will drop
and the temperature of the solder blob will rise consistent with
the heat input from the cartridge heater and the various convective
heat losses but eventually the copper tip and solder blob will
attain the same temperature and steady state will be attained.
Given that pspe., = 8950 kg/m’, Ceeee = 175 J/KkG°C, Kepeee = 13 W/m°C and
that T,.. = 190°C, is it possible that the soldering iron might not
be capable of generating enough heat to melt the solder blob ?

6. A device is to be built that will be capable of transferring
heat from a pool of molten lead at 600 K to liquid sodium at 478 K
entering an equilateral triangular duct immersed in the pool which
is 4 m long by 3 cm on a side. The liquid sodium flows through the
duct at 3.6 kg/s. The heat transfer analyst who undertook the
design of the apparatus, whose heat transfer calculations are shown
below, assumed the duct to be isothermal at a temperature of 525 K.

Continued on Page 4
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The company for which you
work has been awarded the
contract to build the device.
However, before beginning the
work, your employer would
like to have the calculations
checked and you have been
assigned the task. After
studying the calculations
carefully, you have come to
the realization that the
analyst has made a mistake.

From physical considerations,
why is it not possible for
the outlet temperature that
the analyst calculated to be
correct ? Identify the

]

error(s) in the calculations
that the analyst performed, formulate the problem correctly and
given that the heat transfer coefficient at the interface between
the molten lead and the duct is 8387 W/m2?°C, determine

(i) the temperature at which the liquid sodium leaves the duct.
(ii) the heat transfer between the molten lead and liquid sodium.

7. The pipes through which thick liquids such as asphalt or waxes
are conveyed are often heated by pa551ng an electric current
through them in order to reduce the viscosity of the liquid and the
associated pumping costs. Consider such a liquid flow1ng through
a 30 cm diameter pipe situated in calm ambient air at 20°C. The
enissivity of outer surface of the pipe is 0.8 and the effective
temperature of the surroundings is 25°C. Disregarding the heat
transferred to the flowing liquid, determine the power required per
unit length of pipe to maintain its temperature constant at 30°cC.

8. A crossflow heat exchanger is comprised of 40 thin-walled tubes
1 cm in diameter located inaduct 1 m x 1 min cross section. Cold
water ( C, = 4180 J/kg°C ) enters the tubes at 18°C with an average
velocity of 3 m/s while hot air ( C, = 1010 J/kg°C ) enters the
channel at 130°C and 105 kPa with an average veloc1ty of 12 m/s.
If the overall heat transfer coefficient is 80 W/m?°C, determine
the temperatures at which the water and the air 1eave the heat
exchanger and the rate of heat transfer.

The End
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Thermodynamic Properties of Freon-12 (Dichlorodifluoromethane)*

Saturated Freon-12

Spcciﬁc‘ /\{olumc Eri}l;:lpy Entropy
m
Abs. g g kJ/kg K
Press. Sat. Sat. Sat. Sat. Sat. Sat.
Tcemp. MPa Liquid Evap. Vapor Liquid Evap. Vapor Liquid Evap. Vapor
C P vy Vg v, h, hy h, s St IR
—90 508 4.414 937 4.415545 —43%.243 189.618 146375 —0.2084 1.0352 .
—85 512 8.036 704 38.037 3816 —38.968 187.608 148.640 —0.1854 0.9970
—80 517 © 2187728 2.188 845 -—34.688 185.612 150.924 —0.1630 0.9609
-75 522 1.587 080 1.587 651 -—30.401 183.625 1538.224 —0.1411 0.9266
-70 527  1.126 654 1.127 280 —26.103 181.640 155.586 —0.1197 0.8940
—65 532- 0.840 534 0.841 166 —21.793 179.651 157.857 —0.0987 0.8630
—60 587 0.687 274 0.637 910 —17.469 177.653 160.18¢ —0.0782 0.8334
—55 3492 0.490 858 0.491 000 —18.129 175.641 162,512 —0.0581 0.8051
—50 548 0.882 457 0.383 105 —8.772 173.611 164.840 —0.0384 0.7779
—45 554 0.802 029 0.802 682 —4896 171.558 167.163 —0.0190 0.7519
—40 559 0.241 251 0.241 910 —0.000 169.479 169.479 —0.0000 0.7269
—85 566 0.194 782 0.195 398 4416 167.368 171.784 0.0187 0.7027
—30 572 0.1568 703 0.159 375 8.854 165.222 174.076 0.0371 0.6795
—25 579 0.180 487 0.131 166 13.315 1638.087 176.352 0.0552 0.6570
—20 585 0.108 162 0.108 847 17.800 160.810 178.610 0.0780 0.6852
—15 593 0.090 826 0.091 018 22.812 158.5634 180.846 0.0906 0.6141
-10 700  0.075 946 0.076 646 26.851 156.207 183.058 0.1079 0.5936
-5 708 0.064 255 0.064.963 31.420 153.823 185.243 0.12560 0.5736
0 716 .0.054 673 0.055 389 $6.022 151.876 187.397 0.1418 0.5542
5 724 0.046 761 0.047 485 40.659 148.859 189.51R 0.1585 0.5351
10 188 0.040 180 0.040914 | 45.887 146.265 191.602 0.1760 0.5165
15 143 0.034671 0.085 413 50.058 143,586 193.644 0.1914  0.4983
20 152 0.030 028 0.030 780 54.828 140.812 195.641 0.2076 0.4808
25 163 0.026 091 0.026 854 59.653 137.933 197.586 0.2237 0.4626
30 174 0.022 734 0.023 508 64.539 184.936 199.475 0.2897 0.4451
85 186 0.019 855 0.020 641 69.494 131.805 201.299 0.2557  0.4277
40 798 0.017 873 0.018 171 74527 128,525  208.051. 0.2716 0.4104
45 311  0.015220 0.016 032 79.647 125.074 204.722 0.2875 0.83931
50 326  0.013 844 0.014 170 84868 121.430 206.298.  0.8034 0.3758 .
55 341 0.011 701 0.012 542 90.201 117.5656 207.766 03194 0.3582
60 358 0.010 258 0.011111 95665 118.443 209.109 0.8355 0.8405°
65 377 0.008 971 0.009 847 101.279 109.02¢  210.303 08518 0.83224
70 397 0.007 828 0.008 725  107.067 104.255 211.821 0.3688. 0.3038
75 390 0.006 802 0.007 728  113.058 99.068 212.126 0.3851 0.2845
80 346 0.005 875 0.006 821  119.291 93.8373 212.665 0.4023 0.2644
85 376 . 0.005 029 0.006 005 125.818 87.047 212.865 0.4201 0.2430
.90 112 0.004 246 0.005 258  182.708 79.907 212614 0.4385 0.2200
95 156 0.003 508 0.004 563 140.068  71.658 211.726 0.4579  0.1946
100 113 0002 790 0.008903 148.076  61.768 209.843 04788 0.1655 322_
-105 197 0.002 045 0.003 242 157.085 49.014 206.099 0.5028 0.1
110 364 0001 098 0.002 462 168.059 . 28.425 196484 - 05322 0.0742

*Copyright 1955 and 1956, E. 1. du Pont Ye Nemours & Company, Inc. Reprinted by permission. Adapted from English units.



Superheated Freon‘lz

Temp. v L s v A s v k s
C o m'kg  Kkg KAgK mYkg  KiAg  KAgK mYkg  Kkg  KkgK
—20.0  0.341-857 0.7912  0.167 70! 0.7401
—10.0  0.856 227 08188  0.175 222 0.7628  0.114716 184619  0.7318
00  0.370508 0.8350  0.182 647 0.7649  0.119866  190.660  0.7543
100 0384 716 0.8562  0.189 994 0.8064 0.124932  196.762  0.7763
20.0 -0.398 863 0.8770  0.197 277 0.8275  0.129930 202327  0.7977
30.0 0.412959 0.8974  0.204 506 0.8482  0.134878  209.160  0.8186
40.0 0427012 09175  0.211 691 0.8684  0.139768 215463  0.8390
50.0  0.441030 09372  0.218 839 0.8883  0.144 625  221.835  0.8591
60.0 0.455 017 0.9565 0.225 955 0.9078 0.149 450 228.277 0.8787
70.0  0.468 978 0.9755  0.233 044 0.9269  0.154 247  234.789  0.8980
80.0  0.482917 0.9942  0.240 111 0.9457  0.159 020  241.871  0.9169
0.0  0.496 838 1.0126  0.247 159 09642  0.163 774  248.020  0.9354
0.830 MPa
0.0 0088608 189.669  0.7320 0.069752  188.644 0.7139  0.057 150  187.583  0.6984
10.0 0.092550 195.878  0.7543  0.073024 194969 0.7366 0059984 194034 0.7216
20.0 0096418 202,135 0.7760 0.076 218  201.822  0.7587  0.062 734 .200.430  0.7440
30.0 0.100228 208446 0.7972 0.079350 - 207.715 0.7801  0.065 418  206.969  0.7658
40.0 0.103989 214.814 08178 0.082431  214.155  0.8010 0.068 049 213.480  0.7869
500 0.107710 221.243  0.8381 0.085470 220642 0.8214 0.070635 220.030 0.8075
60.0 0.111397 227.785 0.8578 0.083474  227.185 0.8413 0.073185 226.627 0.8276
70.0 0.115055 234.291  0.8772 0.091449 238.785 0.8608 0.075705 233.273  0.8473
80.0 0.118690 240910 0.8962 0.094 398 240443 0.8800 0.078 200 239.971  0.8665
90.0 0.122304 247593 09149  0.097 327 247.160 0.8987 0.080673  246.723  0.8853
100.0 0.125901  254.389  0.9332 0.100238 253936 0.9I71  0.083 127 253580  0.9038
110.0 07129488  261.147 0.9512  0.103134  260.770  0.9352  0.085566  260.391  0.9220
0.40 MPa 0.50 MPa 0.60 MPa
20.0 0.045836 198.762 0.7199 0.035646 196935  0.6999
30.0 0.047971 205428  0.7423  0.037464  203.814 0.7230 0.030422  202.116  0.7063
40.0 0050046 212,095 0.7639 0.0%9214 210.656 0.7452 0.031 966  209.154  0.7291
50.0 0.052072 * 218779 0.7849  0.040911 217484  0.7667 0.038450 216.141  0.7511
60.0 0.054059 225488  0.8054 0.042565 224315 07875 0.084887 228.104  0.7723
70.0 0.056 014 282230 08253  0.044 184  231.161  0.8077 0.036285  280.062  0.7929
80.0 0.057941  239.012 0.8448 0.045774  238.031  0.8275 0.037 653  287.027  0.8129
90.0 0.059846 245.837  0.8638  0.047340 244932 0.8467 0.088995 244.009  0.8324
100.0  0.061 731  252.707 0.8825 0.048886 251.869 0.8656 0.040 816 . 251.016 0.8514
1100  0.063 600 259.624 0.9008 0.050415 258845  0.8840 0.041619  258.053  0.8700
120.0 0.065455 266.590 0.9187 0.051929  265.862 0.9021  0.042 907 ~ 265.124  0.8882
130.0 0.067298 273.605 0.9364 0.053480 272923 09198 0.044 181  272.231  0.9061
0.70 MPa 0.80 MPa 0.90 MPa
40.0 0.026761 207580 0.7148  0.022830 205924 07016 0.019744 204.170  0.6982
50.0 0028100 214745 0.7378  0.024 068 218.290 0.7248  0.020912 211765  0.7131
60.0 0.029387 ° 221.854 0.7590  0.025247 220.558 0.7469 0.022012  219.212  0.7358
70.0 0030632 228931 0.7799  0.026 380  227.766 0.7682  0.028 062  226.564  0.7575
80.0 0031843 235997 0.8002 0.027 477 284941 0.7888  0.024072  233.856  0.7785
90.0  0.033027 243.066 0.8199 0.028545 242,101 0.8088 0.025051  241.113  0.7987
1000  0.034189 250.146 0.8392 0.029588  249.260 0.8283  0.026 005  248.355 0.8184
110.0 0085332 257247 0.8579 0.030612 256428 0.8472  0.026 937 255593  0.8376
120.0 0.036458 264.374 0.8763 0.031619 263.613 0.8657 0.027851  262.839  0.8562
1200  0.037572 271581 0.8943  0.032612 270.820 0.8838 0.028 751  270.100  0.8745
140.0 0.038678 278.720 09119  0.088592  278.055 0.9016 0.029639 277381  0.8928
1500 0.039764 285946 0.9292  0.034 563 285320 0.9189 0.030515  284.687  0.909R
1.00 MPa 1.20 MPa 1.40 MPa
§0.0. 0.018366  210.162 0.7021 0.014 483  206.661  0.6812
60.0 0.019 410 217.810 0.7254 0.015 463 214.805 0.7060. 0.012 579 211.457 0.6876
700 0020397 225319  0.7476  0.016 368  222.687  0.7203 0.013448  219.822  0.7I128
80.0  0.021 341 232,789  0.7689  0.017221  280.8398  0.7514 0.014247 ° 227.891  0.735%
90.0 0.022251  240.101 - 0.7895 0.018 032  287.995 0.7727 0.014997 285766  0.7575
100.0  0.028 133  247.430 0.8094 0.018812 245518 0.7951 0.015710 248512  0.7785
1100  0.023993 254743  0.8287  0.019.567 252.993 0.8129 0016393  251.170 0.7988
1200  0.024 835  262.058  0.8475 0.020 301  260.441  0.83200 0.017058  258.770  0.8183
1300 0.025661  269.8369 0.8659 0.021018 - 267.875 0.8507 0.017695 266.3%4 0.8373
1400  0.026 474  276.699  0.8839 .0.021721 275307 08689 0.018321 273,877  0.8558
150.0 0.027275  284.047 09015 0.022 412  282.745 0.8867 0.018934 281411 08738
1600 0.028068  201.419 09187 0.025093 290.195 0.9041 0.019535 288.946 0.8914
1.60 MPa 1.80 MPa 2.00 MPa
700 0011208 216650 0.6959 0.009406 218.049 0.679%4
80.0 0011984 205177 0.7204 0.010187 222,198 0.7057 0.008 704 218859  0.6909
900 0012698 235390 0.74353 0010884 230.835 07208 0.009406 228.056 0.7166
100.0 00138366 2418397 -0.7651 0.011526 2839.155 0.752¢ 0.010035 236.760  0.7402
1100 0014000 249.264 07859 0.012126 247.264 0.7739 0010615 245.154  0.7624
1200 0014608 257,035 0.8059 0.012697 255228 0.7044 0011159 255341 07835
1300 0015195 264.742 0.8258 0018244 263.094 O0.8l41 0011676 261884  0.8037
140.0 0015765 272406 08440 .0.018772 270891 08332 0012172 269327  0.8282
150.0 0016320  280.044 08528 0014284 278.642 08518 0.012651 -277.201 0.8420



