Paper / Subject Code: 61001 / Advanced Heat Transfer.

M fe/gw_w (:D/cac Gs/MECH THERMAL,

(3 Hours)

Note:
1. Solve any FOUR questions.
2. Assume suitable data if necessary and mention it clearly.
3. Draw sketches wherever required.
4. Properties of the air & water are given in Annexure-1.& Ann
1. (a) Whatis thermal symmetry boundary condit
mathematically? ;
(b) What is the thermal contact resistance
which method is most effective?
(©
C)) 5
2. (a) 5
configurationg
Hot water at 5
5
5
5
10
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4.
3
perimeter?
(c) Explain mean bean leng 5
6. (a) al’ conductivity 10
600
convection o an gvmom:ne _DW h
= 60 W/m?: 1
(b) fomg‘latlon node, nodal network, 5

\41 e difference formulation of a §
an insulated boundary in the finite

© H
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Annexure — I

Properties of 2ir at 1 atmi pressure

Specific Triermal Thermal Dynamic Kinematic Prandtl
Temp. Density Heat  Conductivity Diffusivity Viscosity Viscosity Number
Lk phgiey | cpdigiX K Wino K a, M o kgm - s ¥, WS Pr
-150 2.866 B3 Toouz 4,158 % 10°¢ 8.636 x 106 3:013 x 109 0.7246
~100 2,038 966 0.01582 8.036 x 107% 1.189 % 10-%  5.837x 1078 0.7263
~50 1.582 999 0.01979 1.252 % 10°% 1474 x 10" 9319 x10°¢ 0.7440
~40 1514 1002 0.02057 1356 x 108 1527 x 10F 1,008 10°3  0.743
-30 1.451 1004 0.02134 1,465 % 10°3 1579 % 10°¢  1.087 X 10-5 0.7425
-20 1,394 1005 0.02211 1578 % 10°% 1630 % 10°% 1,169 x 10°* 0.7408
-10 1.341 1606 0.02288 1.696 x 10 1.680'% 1075 1.252 x 105 0.7387
0 1292 1006 0.02364 1.818 % 10 1729 x 10 | 1.338 %103 0.7362
5 1.269 1006 0,02401 1.880 x 10 1,754 % 105 1,382 x 10°% 0.7350
10 1.246 1006 0.02439 1.944-% 10°% 1778 %107 1426 X 10> 0.7336
15 1.225 1007 002476 2.009 x 10-% 1,802 % 1078 1,470 X 10°% 0.7323
20 1.204 1007 0.02514 2074 x 10°% 1.826 % 10 1.516 x 10~ 0.7309
25 1.184 1007 0.02551 2141 % 1078 1.849 X 105 1.562 x 10°% 0.7296
30 1.164 1007 0.02588 2.208 x 10" 1.872 %10  1.608 x 103 0.7282
35 1.145 1007 0.02625 2277 X 10°% 1.895 % 10-5  1.656 x 107 0.7268
40 1127 1007 007662  2.346 % 107% 1.918%10°5  1.702 x 10-% 0.7255
45 1.108 1007 0.02699 2.416 x 10°% 1941 % 10"  1.750x 105,  0.7241
50 1,092 1007 0.02735 2487 % 105 1963 x 10~ 1.798 x 10°% 0.7228
60 1.059 1007 0.02808 2,632 x 108 2008 X 10-* 1896 x 10-% 0.7202
70 1.028 1007 0.02881 2.780 % W 2.052 x 10~ 1.995 x 10°5 0.7177
80 0.9994 1008 0.02953 2931 x10°3 2,096 x 105" 2:097 x 10~ 0.7154
90 0:9718 1008 0.03024 3.086 x.10-% 2139 x 107 2.201 X 10-% 0.7132
100 0.9458 1009 0.03095 3.243 %108 2181 % 10~ 2.306 X 10 0.7111
120 0.8977 1011 0.03235 3,565 x 10°% 2264 % 105 2522 x 10 0.7073
140 0.8842 1013 0.03374 2385 X 10" 2745% 10*  0.7041
160 0.8148 1016 008511 2420 X 10°% 2975 % 10°% 0.7014
180 0.7788 1019 0.03646 33 2504 x 10-% 3,212 X 10-3 0.6992
200 0.7459 1023 0.03779 4.954 % 10-° 2577 X 10°% 3455 X 10°% 0:6974
250 06746 1033 0,04104 8,890 % 10°5 2760 % 105 4,091 X'10°% < 0:6946
300 0.6158 1064 004418 6871 x 10°% 2,934 X 10 4,766 % 108 0.6935
350 0.5664 : 0.04721 7.892 % 10-5 3101 X 1075 5475% 10! 0.6837
400 . 0.5243 0.05015  8.951x10°° 3.261 % 10-5 - 6219 % 10-® 06948
450 - 10,4880 0.05298 1.004 % 10+ 3.415:% 10-% - 6965
500 0.4565 0:05572 1.117 x 102 3.563 % 10-%
§00 0.4042 1115 0.06093 1.352:% 10~ 3.846 x. 10
700 0.3627 - 1138 0.06581 1.598 X 10 4,111 x 10°%
800 03289 1183 0.07037 1856 X 10* = 4.362x m
900 3 o W 007485 2122%104 . 4600
1000 1184 007868  2.398 x 10~ 826
1500 f 234 009599  3.908'% 104
2000 0.1583 1264 [RCAGL

5,664 X 104
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Annexure — I
Properties of saturated water
Volume
Enthalpy  Specific Thermal Prandt! Expansion
Saturation Density Bf Heat Conguctivity DBynamic Viscosity Number Coefticient
Temp, Pressure _pkgm®  Vaporization ¢, dkg-K kK Wm-K , o, kgfm -5 Pr BK
7.% P kPE Liquid  Vapor Ay kikg Liquid  Vapor  Liquid  Vapor Liquid Vagor Liquid Vapor  Liguid
0.01 06113 9938 00048 2501 4217 1854 0561 00171 1792 x 107 0922%10°% 135 1.00 —0.068 %10
5 0.8721 999.9 00068 2490 4205 1857 71 00173 1519 % 107 0934x 10°% 112 1.00 0015x104
10 12276 999.7 00094 2478 4194 1862 0580 00176 1.307 X 10°* 0.946 X 10°* 945 1.00 0.733x 107
15 17051 9991 00128 2466 4185 1863 0589 00179 1.138x 10°% 0859x 10" B80S 100 0:138x 10¥
20 2339 9980 00173 2454 4182 1867 0598 00182 1002 x 10 0973%x10¢ 701 100 0.195x 1077
25 3.169 9970 00231 2842 4180 1870 0607 00186 0.891 x 107 0987 x 10 6,14 1.00 0247 x 10-%
30 4246 9960 0.0304 2431 4178 1B75 0,615 00189 0798 X 10 1,001 X 10°% 542 1.00 0.294x 103
35 5628 9940 00397 2418 24178 1880 0623 anm 0.720 x 10°¥ 1016 x 10°% 483 1.00 0.337 x 10~?
40 7.384 9921 00812 2407 4179 : 0196 ‘0,653 % 10°F 1031 % 10°% 432 1.00 0377 x 107
a5 9.593 990.1 00655 2395 4180 ) 0586 x 10°* 1.046 X 10°% 351 1.00 0.415x 10°*
50 1235 9881 00831 2383 4181 0,547 % 10~ 1,082 x 10~ 3.55 1.00 0451 x 10~ N\
55 1576 9852 01045 2371 4183 0208 0.504 x 107 1077 % 10" 325 1.00 0484 x'10°*
80 19.94 9833 0.1304 2359 4185 212 0467 x 10 1.093x 10"* 299 100 0517x10°°
65 2503 9804 01614 2346  4lg7 ; 0433 x 10 1L110% 10 275 100 0548 x 10°?
70 31.19 9775 01983 2333 4190 0404 x 1070 1126 % 10°% 255 1.00 0578 x 1072

7% 38,58 9747 02421 2321 4193 1948 0667 00228 0.378x 10 1.142x 10 238 1.00 0607 % 103
80 4739 9718 02935 2309 4197 1962 0670 00230 0.355x10°* L159x10% 222 100 0653x 10

8BS 57.83 968.1 03536 229 4201 0235 0333 % 10°% 1176 % 10-% 208 1.00 0.670x 10
90 7014 9653 04235 2283 4206 ) 0.815% 107 1193 x 10°* 196 100 0702 x 107
100 101.33 9578 05878 2257 4217 1 0.282 x 1077 1,227 x 1075 1,7‘5 1.00 0.750 x 10~
110 14327 9506 0.8263 0256 % 10*% 1.261 x 10 158 1.00 0.798x 10
126 19853 9434 L.121 15 0.282 x 107 1286 x 10" 144 100 0.858 % 107
130 270.1 9346 1.406 88 0213 x 10-* 1330x 10 133 101 0913 x 1:9"3
140 3813 9217 1965 01 097 %X 104 1.365 10-s 70.% ]
150 4758 9166 2.546 0:183 x 10°%  1.399 x 10~

160 B17.8 907.4  3.256 0331 D70 X 1073 1.434 % 169

170 791.7 897.7 4119 0.160 x 10~  1.468 x 10-5

64 0150 x 10°%  1.502 % 10°®
0.142 x 10-* 1,537 x 10-%
S .134 % 10°% 1571 x 10~

0 m %10 1712 x 10°3
0 0.102 x 10-* 1.788 X 10°*
08 0098 x 10° 1.870 % 10°¢
595 0.086 x.10°% 1.965 x 10~
336 0:078' % 1077 2,084 x 10~%
110 0.070 X 109 2.256 % 10°%
0:060 X 1075 2,871 % 10°5
0.043% 10°% 4313 x 10

180 10021 8873 5.153
190 12544 8764 6388
200 15538 8643 7852
220 2318 840.3 11.60
240 3344 8137 1673
260 4688 783.7 2369
280 6412 7508 33.15
300 - 858l 7138 4615
320 11274 667.1 64.57
340 14,586 6105 9262
360 18,851 528.3 144.0

374.14 22,090 3170 317.0
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