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215-332 Heat Transfer
Final Test --- 2/2550

1. Answer following questions as much in details as you can. (15 points)

(a) Draw a complete boiling curve for pool boiling and explain every mode of boiling
in the curve. How can this curve be obtained? (4 points)

(b) Why do the liquid droplets appear on the outer surface of a tube with cold water
running inside? (2 points)

(c) Give 4 examples of engineering applications for heat exchanger. (2 points)
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(d) Describe differences between specular and diffuse reflections. (2 points)

(e) What are properties of blackbody? (3 points)

(f) What make Thermal Radiation different from Conduction/Convection? (2 poin:s)
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2. Ethylene glycol flows at 0.01 kg/sec through a 3-mm-diameter straight tube. The tube is
coiled and submerged in a well-stirred water bath maintained at 25°C. If the fluid ent rs
the tube at 85 °C, what heat rate and tube length are required for the fluid to leave at 35
°C? Neglect heat transfer enhancement associated with the coiling. (15 points)
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3. Water at a rate of 45,500 kg/h is heated from 80 to150°C in a heat exchanger having t vo
shell passes and eight tube passes with a total surface area of 925 m®. Hot exhaust ga es
having approximately the same thermophysical properties as air enter at 350°C and exit at
175°C. Determine the overall heat transfer coefficient. (15 points)
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4. A two-fluid heat exchanger has inlet and outlet temperatures of 65 and 40°C for the 1ot
fluid and 15 and 30°C for the cold fluid. Can you tell whether this exchanger is operat ng
under counterflow or parallel-flow conditions? Determine the effectiveness of the h:at
exchanger. (10 points)
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5. Determine the shape factor, F,,, for the geometry shown below. Assuming both surfa :es

behave as gray surfaces, calculate the rate of radiative heat transfer between surfaces us ng
values given below. (15 points)

W=10cm, T, =320 K, T, =450 K, ¢, =0.7, ¢, =0.8
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ZiX
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Appendix A m Thermophysical Properties of Matter A-19
TABLE A.5 Thermophysical Properties of Saturated Fluids®
Saturated Liquids
T p c, w107 v-10° k-10° a- 107 B-10°
(K) (kg/m®) (kJ/kg - K) (N - s/m?) (m?*/s) (W/m - K) (m¥s) Pr (K™Y
Engine Oil (Unused)
273 899.1 1.796 385 4280 147 0.910 47,000 0.70
280 895.3 1.827 217 2430 144 0.880 27,500 0.70
290 890.0 1.868 99.9 1120 145 0.872 12,900 0.70
300 884.1 1.909 48.6 550 145 0.859 6400 0.70.
310 8779 1.951 25.3 288 145 0.847 3400 0.70
320 871.8 1.993 14.1 161 143 0.823 1965 0.70
330 865.8 2.035 8.36 96.6 141 0.800 1205 0.70
340 859.9 2.076 5.31 61.7 139 0.779 793 0.70
350 853.9 2.118 3.56 41.7 138 0.763 546 0.70
360 847.8 2.161 2.52 29.7 138 0.753 395 0.70
370 841.8 2.206 1.86 220 137 0.738 300 0.70
380 836.0 2.250 1.41 16.9 136 0.723 233 0.70
390 830.6 2.294 1.10 13.3 135 0.709 187 0.70
400 825.1 2.337 0.874 10.6 134 0.695 152 0.70
410 818.9 2.381 0.698 8.52 133 0.682 125 0.70
420 812.1 2.427 0.564 . 6.94 133 0.675 103 0.70
430 806.5 2.471 0.470 5.83 132 - 0.662 88 0.70
Ethylene Glycol [C,H(OH),]
273 1130.8 2.294 6.51 57.6 242 0.933 617 0.65
280 11258 2.323 4.20 373 244 0.933 400 0.65
290 1118.8 2.368 247 22.1 248 0.936 236 0.65
300 11144 2.415 1.57 14.1 252 0.939 151 0.65
310 1103.7 2.460 1.07 9.65 255 0.939 103 0.65
320 1096.2 2.505 0.757 6.91 258 0.940 73.5 0.65
330 1089.5 2.549 0.561 5.15 260 0.936 55.0 0.65
340 1083.8 2.592 0.431 3.98 261 0.929 42.8 0.65
350 1079.0 2.637 0.342° 3.17 261 0917 346 0.65
360 1074.0 2.682 0.278 2.59 261 0.906 28.6 0.65
370 1066.7 2.728 0.228 2.14 262 0.900 23.7 0.65
373 1058.5 2.742 0.215 2.03 263 0.906 224 0.65
Glycerin [C;H;(OH),]
273 1276.0 2.261 1060 8310 282 0.977 85,000 0.47
280 1271.9 2.298 534 4200 284 0.972 43,200 0.47
290 1265.8 2.367 185 1460 286 0.955 15,300 0.48
300 1259.9 2.427 79.9 634 286 0.935 6780 0.48
310 1253.9 2.490 35.2 281 286 0.916 3060 0.49
320 1247.2 2.564 21.0 168 287 0.897 1870 0.50




TABLE A.6 Thermophysical Properties of Saturated Water*

Specific Heat of Specific Thermal Expansion

Volume Vapor- Heat Viscosity Conductivity Prandtl Surface  Coeffi-
Tempera- (m*/kg) ization, kJ/kg - K) (N + s/m?) (W/m - K) Number Tension, cient, Temper-
ture, T Pressure, hy, ;- 10° B; - 10° ature,
(K) pars) v;-10° v, (kIkg) ¢,y ¢, pge10° g o105 ko108 k10 Pry  Pr,  (Nm) (K7 T (K)
273.15 0.00611 1.000  206.3 2502 4217 1.854 1750 8.02 569 18.2 1299 0.815 75.5 —68.05 273.15
275 0.00697 1.000 181.7 2497 4211 1.855 1652 8.09 574 183 1222 0.817 753 —-32.74 275
280 0.00990 1.000 1304 2485 4.198 1.858 1422 8.29 582 186 1026 0.825 74.8 46.04 280
285 0.01387 1.000 99.4 2473 4.189 1.861 1225 8.49 590 189 8.81 0.833 74.3 114.1 285
290 0.01917 1.001 69.7 2461 4.184 1.864 1080 8.69 598 19.3 756 0.841 73.7 174.0 290
295 0.02617 1.002 51.94 2449 4181 1.868 959 8.89 606 19.5 6.62 0.849 727 227.5 295
300 0.03531 1.003 39.13 2438 4179 1.872 855 9.09 613 19.6 5.83  0.857 AN) 276.1 300
305 0.04712  1.005 29.74 2426 4.178  1.877 769 9.29 620 20.1 520 0.865 70.9 320.6 305
310 0.06221 1.007 22.93 2414 4.178  1.882 695 9.49 628 20.4 462 0873 70.0 361.9 310
315 0.08132  1.009 17.82 2402 4.179 1.888 631 9.69 634 20.7 4.16 0.883 69.2 400.4 315
320 0.1053 1.011 13.98 2390  4.180  1.895 577 9.89 640 21.0 3.77  0.894 68.3 436.7 320
325 0.1351 1.013 11.06 2378 4182 1.903 528 10.09 645 21.3 342 0.901 67.5 471.2 325
330 0.1719 1.016 8.82 2366 4184 1911 489 10.29 650 21.7 3.15  0.908 66.6 504.0 330
335 0.2167 1.018 7.09 2354 4.186 1.920 453 10.49 656 22.0 2.88 0916 65.8 535.5 335
340 0.2713 1.021 5.74 2342 4188 1.930 420 10.69 660 223 2.66 0.925 64.9 566.0 340
345 0.3372 1.024 4.683 2329 4.191 1.941 389 10.89 668 22.6 245 0933 64.1 595.4 345
350 0.4163 1.027 3.846 2317 4195 1.954 365 11.09 668 23.0 229  0.942 63.2 624.2 350
355 0.5100 1.030 3.180 2304 4.199 1.968 343 11.29 671 23.3 2.14 0951 62.3 652.3 355
360 0.6209 1.034 2.645 2291 4203 1.983 324 11.49 674 23.7 2.02  0.960 614 697.9 360
365 0.7514 1.038 2.212 2278 4209 1.999 306 11.69 677 24.1 1.91 0.969 60.5 707.1 365
370 0.9040 1.041 1.861 2265 4214 2017 289 11.89. 679 24.5 1.80 0.978 59.5 728.7 370
373.15 1.0133 1.044 1.679 2257 4217 2029 279 12.02 680 24.8 1.76  0.984 58.9 750.1 373.15
375 1.0815 1.045 1.574 2252 4220 2.036 274 12.09 681 24.9 1.70  0.987 58.6 761 375
380 1.2869 1.049 1.337 2239 4226 2.057 260 12.29 683 25.4 1.61  0.999 57.6 788 380
385 1.5233 1.053 1.142 2225 4232 2.080 248 12.49 685 25.8 1.53 1.004 56.6 814 385
390 1.794 1.058 0.980 2212 4239 2,104 237 12.69 686 26.3 1.47 1.013 55.6 841 390
400 2.455 1.067 0.731 2183 4256  2.158 217 13.05 688 27.2 1.34  1.033 53.6 896 400
410 3.302 1.077 0.553 2153 4278 2.221 200 13.42 688 28.2 1.24  1.054 51.5 952 410
420 4370 1.088 0.425 2123 4302 2.291 185 13.79 688 29.8 1.16  1.075 494 1010 420
430 5.699 1.099 0.331 2091 4.331  2.509 L/ 1414 voo 20+ PO A7 420
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