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EK. A

METAL VE METAL OLMAYAN BAZI KATILARIN FiZIKSEL
OZELLIKLERI

Tablo A-1 Metallerin Fiziksel Ozellikleri

20 °C de Ozellikler

Degisik sicakliklarda 6zellikler

S - T = A (W/(mK)
kg/m? |J/(kg.K) |W/(mK)| m¥s [100°C]200°C[300°C] 400°C] 500°C

Aluminyum, saf 2707 | 896 |204 |g.49x103|206 |215 |220 |249
Duralumin, 94-96 Al 3-5 Cu 2787 883 | 164 6.68 {182 |194 '
Kursun 11370| 130 | 34.6 234 | 334 31.5| 208
Demir, saf 7987 452 | 72.7 203 | 67.5| 623 554 485 398
Demir, bigimlendirilmis, C % 0,5 7849 | 460 | 589 | 163 | 57.1| 51.9| 485 450 364
Dékme demir, C % 4 7272 419 51.9 1.70 ‘
Karbon celigi, C % 0,5 7833 | 465 | 53.7 147 | 519| 485 450| 415} 312
Karbon celigi C % 1,5 7753 | 486 | 36.4 097 | 36.3| 36.3| 346] 329 346
Nikel ¢eligi, % 10 7945 | 460 | 26.0 0.72
Nikel celigi, % 30 8073 | 460 | 121 0.33
Nikel celigi, % 50 8266 | 460 | 138 0.36

Nikel celigi, % 70 8506 | 460 | 26.0 0.67
Nikel celigi, % 90 8762 | 460 | 467 1.16
Krom geligi, % 1 7865 | 460 | 60.6 167 | 554| 519 46.7| 41.5| 364
Krom geligi, % 5 7833 460 | 39.8 111 | 381 364 364 329| 294
Krom celigi, % 10 7785 | 460 | 312 087 | 312 312| 20.4| 204 812
Cr - Mo celigi 32.5 | 30.2 25.6
Cr - Ni - Mo celigi 16.3 | 151 13.9
Cr - Ni celigi, % 18 Cr, % 8 Ni 7817| 460 | 163 044 | 17.3| 173 | 19.0| 190 225
Ni - Cr celigi, % 20 Ni, % 15 Cr 7865 | 460 | 14.0 039 | 151 | 151 | 163 17.3| 190
Manganez celigi, % 2 7865 | 460 | 38.1 1.05 | 364 364 | 36.4| 34.6| 329
Tungsten celigi, % 2 7961 | 444 | 62.3 1.76 | 58.9| 53.7| 485| 45.0| 364
Silisyum ¢eligi, % 2 7673 | 460 | 31.2 0.89 '
Balar, saf 8954 | 383 |386 1.2 |379 |874 |[147 |364 | 353
Bronz, (Tung) 75 Cu, 25 Sn 8960 | 383 26.0 0.86
Pring, 70 Cu, 30 Zn 8522 | 385 | 111 341 |128 [144 |369 |147
Alman giimiigii, 62 Cu, 15 Ni, 22Zn | 8618 | 394 | 249 073 | 312 398 | 450 485
Konstantan, 60 Cu, 40 Ni 8922 | 410 | 22.7 061 | 222 26.0
Magnezyum, saf 1746 | 1013 |171 " o071 |18 |163 |1s8
Manganin ( 84 Cu, %4 Ni, %12 Mn) 83.4
Molibden ‘ 10220 251 |123 479 |18 |14 |111 {109 | 106
Molibden ¢eligi 37.2 | 249 30.2
Nikel, % 99,9 saf 8906 | 446 | 900 | 227 | 83.1| 727 | 64.0| 58.9
Gumiis, % 99,9 saf 10520 | 234 | 407 166 415 (374 |[362 |360
Tungsten 19350 | 134 | 163 627 |151 (142 |133 {126 | 113
Cinko, saf 7144 | 384 | 112 411 [109 |106 [100 | 935
Kalay, saf 7304 | 227 | 64.0 388 | 589 57.1




Tablo A-2 Metal Olmayan Katilarin Fiziksel Ozellikleri

i, p T A a
J/(kg-K) kg/m? 2C W/(m-K) m2/s
Asbest 816 577 0 0.151
Ates toprag (1450 °C
de yakilmisg) 963 2323 500 1.28 0.0568 x 105
Bakalit 1590 1273 20 0.232 0.0114
Beton 879 1906 20 0.814 0.0490
2307 1.40 0.0697
Buz 1926 913 0 2.22 0.1214
Cam yunit 670 200 20 0.0398 - 0.0284
Cam, levha 837 2707 20 0.762 0.0336
Cam odunu 2721 417 24 0.109 0.0695
Diatomit 204 0.242
Granit 816 2643 1.78-3.98 0.080-0.183
Ipek 1382 57.7 20 0.0363 0.0439
Kalsine 827 0.312
Kece, ylin 330 30 0.0519
Kireg tast 908 2483 99 1.26 0.0568
Kum tas1 712 2163-2307 20 1.63-2.08
Magnezit 1130 204 3.81
648 2,77
1204 1.90
299 1.33 0.106-0.127
Mermer 808 2499-2707 20 287 0.0394
Mese odunu 2387 609-481 30 0.166 0.0126
Pamuk 1298 80.1 20 0.0589 0.194
Sari cam odunu 2805 641 24 0.147 0.0083
Siva, alc: tast 837 1442 21 0.485 0.0413
Toprak, iri ¢akill 1842 2050 20 0.519 0.139
Tugla, adi 837 1602 20 0.692 0.0516
Tugla, krom 837 3011 200 232 0.0929




Tablo A-3 Binalarda Kullanilan Malzemelerin Is: Iletim Katsayilar:

Malzeme W/(I};I'K) Malzeme W/(l?‘;l'K)
Ahsgap 0.140 Briket 0.814
Algi, dig 0.139 | Bie 2.326
Algy, ig 0.291 Cam 1.1163
Amyant (asbest) 0.209 Cam pamugu 0.0407
Asfalt 0.744 _ Deri 0.175
Bakalit 0.233 Eternit 0.0291
Betonarme 1.512 Grafit 0.523
Betosel 0.175 ’ Grobeton 1.047
Bitum 0.175 .- Heraklit 0.151
Bitiimlii kanavice 0.349 Ince talag 0.093
Blokaj 0.582 izotas pITs
Karamozayik 0.279 Polistren (kopiik) 0.0349
Kiremit 0.523 Porselen 1.1163
Kizelgur . 0.174 Ruberoit 0.140
Kontrplak 0.175 Siva, dig 0.872
Kum 0.582 Siva, i¢ 0.698
Lastik 0.186 Sap 1.047
Linolyum 0.186 Tas 2.326
Mantar (yerli) 0.0698 Tesviye betonu 1.047
Marley 0.186 Tugla (delikli) 0.465
Mermer 0.908 Tugla, dis (dolu) 0.872
Mika 0.965 Tugla, i¢ (dolu) 0.698
Mukavva 0.140 ‘ Yton, dig 0.175
Pamuk 0.0582 Yton, i¢ 0.151
Pleksiglas 0.186 Ty B Yin 0.0465
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EK.3.2 Amonyak (Doymus sivi)

§ % o Ist iletim Il Dinamik | Kinematik
Sicaklik, | Yogunluk, | Ozgil sy, yayinim : < . . Prandtl
T(°C) p(kg/m*) | Cp (kg°C) katsagstyk katsayisi, a vizkozite, 1| vizkozite, sayist, Pr
(W/m°C) ot /S)’ (kg/ms) 9 (m?/s) ’
-40 692 4467 0.546 1.78x107 | 2.81x10™* | 4.06x107 2.28
20 667 4509 0.546 1.82x107 | 2.54x10* | 3.81x107 2.09
0 640 4635 0.540 1.82x107 | 2.39x10* | 3.73x107 2.05
20 612 4798 0.521 1.78x107 | 220x10* | 3.59x107 2.02
40 581 4999 0.493 1.70x107 | 1.98x10* | 3.40x107 2.00
EK.3.3 Etil alkol
-40 823 2037 " 0.186 1.11x107 | 4.81x10° | 5.84x10% 52.7
-20 815 2124 0.179 1.03x107 | 2.83x10% | 3.47x10* 33.6
0 806 2249 0.174 0.960x107 | 1.77x10% | 220x10° 229
20 789 2395 0.168 0.889x107 | 1.20x10° | 1.52x10° 17.0
40 772 2572 0.162 0.816x107 | 0.834x10° | 1.08x10° 13.2
60 755 2781 0.156 0.743x107 | 0.592x107 | 0.784x10° 10.6
80 738 3026 0.150 0.672x10” | 0.430x10° | 0.583x10° 8.7
EK.3.4 Freonl2 _
-40 1515 385 0.069 5.14x10° | 4.24x10* | 2.80x107 54
20 1457 907 0.071 538x10% | 3.43x10* | 2.35x107 44
0 1393 935 0.073 5.59x10° | 2.98x10* | 2.14x107 338
20 1327 966 0.073 5.66x10° | 2.62x10% | 1.97x107 3.5
40 1254 1002 0.069 5.46x10° | 2.40x10* 1.91x107 3.5
EX.3.5 Gliserin
‘ -20 1288 2143 0282 1.02x107 134 104 x10° | 1.020
0 1276 2261 0284 0.98x107 12.1 9.5x1073 0.096
20 1264 2386 0287 0.95x107 1.49 1.2x10° 0.0124
40 1252 2513 0290 0.92x10” 0.27 0.2x1073 0.0023
EK.3.6 Kursun
601 10,588 161 15.5 0.01x10° | 2.62x10° | 2.47x107 0.0272
700 10,476 157 17.4 1.06x10° | 2.15x107 | 2.05x107 | 0.0194
800 10,359 153 19.0 1.20x10° | 2.05x10° | 1.98xi07 | 0.0165
900 10,237 149 20.3 1.33x10° | 1.54x10® | 1.50x107 | 0.0113
1000 10,111 145 215 1.47x10° | 132x10° | 1.30x107 | 0.0089
EX.3.7 Civa
234 13,723 142 73 38x10° | 200x10° | 146x107 | 0.0389
273 13,628 140 8.2 43x10° | 1.69x10> | 1.24x107 | 0.0289
300 13,562 139 8.9 47x10% | 1.51x10% | 1.11x107 | 0.0237
350 13,441 138 10.0 54x10° [ 1.31x10° | 098x107 | 0.0181
400 13,320 137 11.0 6.1x10° | 1.18x10% | 089x 107 | 0.0147
500 13,081 136 12.7 7.1x10° | 1.02x10% | 0.78x107 | 0.0109
600 12,816 134 142 83x10° | 0.84x10° | 066x107 | 0.0080




EK.3.8 Kullanilmayan makine yag;

| - Ist iletim sl Dinamik | Kinematik
TCO | ol | Grongrey | Kasensik |\ Jmn ik, | viskogie, | Pendt
(W/m°C) Pk Py (kg/ms) | S(m¥Us) |SVSh
0 899 1796 0.147 9.11x 10 | 3850 x 10 | 4280 x 10° | 47.100
20 888 1880 0.145 8.72x 10 | 800x10° | 901x 10° | 10,400
40 876 1964 0.144 834x10% | 212x10° | 242x10° 2870
60 864 2047 0.140 8.00x10® | 725x 107 | 839x10° 1050
80 852 2131 0.138 7.69x10% | 32.0x10° | 375x10° 490
100 840 2219 0.137 7.38x10% | 17.1x10° | 203x10% 276
120 829 2307 0.135 7.10x 10% | 102x 107 [ 124x10° 175
140 817 2395 0.133 6.86x10° | 6.53x10° | 8.0x10° 116
160 806 2483 0.132 6.63x10° | 449x10° | 5.6x10° 84
EK.4 GAZLARIN FiZIKSEL OZELLIKLERI
EK.4.1 Atmosfer basincinda kuru havanin 6zellikleri
Sicaklik, | Yogunluk, | Ozgiil s, I51 flétin ya;::lllm D ma{mk Kl nemz_mk Prandtl
T | pkem’) | CpkeC) | KESMISLE |y ot cavisy, o | ViZkozite, p | vizkozite, sayisi, Pr
= (W/m°C) (it ,S)’ (kg/ms) & (m/s) :
200 1.766 1003 0.0181 1.02x10° | 134x10° | 0.76x10° 0.740
250 1.413 1003 0.0223" | 1.57x10° | 1.61x10° | 1.14x10° 0.724
280 1271 1004 0.0246 1.95x10° | 1.75x10° | 1.40x10° 0.717
290 1.224 1005 0.0253 2.08x10° | 1.80x10° | 148x10° 0.714
298 1.186 1005 0.0259 2.18x10° | 1.84x10° | 1.55x10° 0.712
300 1.177 1005 0.0261 221x10° | 1.85x10° | 1.57x10° 0.712
310 1.143 1006 0.0268 2.35x10° | 1.90x10° | 1.67x10° 0.711
320 1.110 1006 0.0275 2.49x10° | 1.94x10° | 1.77x10° 0.710
330 1.076 1007 0.0283 2.64x10° | 1.99x10° | 1.86x10° 0.708
' 340 1.043 1007 0.0290 2.78x10%° | 2.03x10° | 1.96x10° 0.707
350 1.009 1008 0.0297 2.92x10° | 2.08x10° | 2.06x107 0.706
400 0.883 1013 0.0331 3.70x10” | 229x10° | 2.60x10° 0.703
450 0.785 1020 0.0363 4.54x10° | 2.49x10° | 3.18x10° | 0.700
500 0.706 1029 0.0395 5.44x10° | 2.68x10° | 3.80x107 0.699
550 0.642 1039 0.0426 6.39x10° | 2.86x10° | 4.45x107° 0.698
600 0.589 1051 0.456 7.37x10° | 3.03x10° | 5.15x10° 0.698
700 0..504 1075 0.0513 9.46x10”° | 335x10° | 6.64x10° 0.702
800 0.441 1099 0.0569 11.7x10° | 3.64x10° | 8.25x10° 0.704
900 0.392 1120 0.0625 14.2x10° | 3.92x10° | 9.99x107 0.705
1000 0.353 1141 0.0672 16.7x10° | 4.18x10° | 11.8x10° 0.709
1200 0394 1175 0.0759 22.2x10° | 4.65x10° | 15.8x10° | 0.720
1400 0.252 1201 0.0835 27.6x10° | 5.09x10° | 20.2x10% 0.732
1600 0.221 1240 0.0970 33.0x10° | 5.49x10° | 24.9x10° 0.753
1800 0.196 1276 0.01032 38.3x10° | 5.87x10° | 29.9x10° 0.772
2000 0.177 1327 44.1x10° | 6.23x10° | 353x10° 0.801




EK.4.2 Amonyak

S0 Is1 iletim Isil Dinamik Kinematik
P PRNED (W/m°C) ; ;32’/‘35)’“ (kg/ms) | g(mYs) | LA
200 " 1.038 2199 0.0153 0.67x10° | 6.89x10° | 0.66x10° 0.990
250 0.831 2248 0.0197 1.05x10° | 8.53x10° | 1.03x10° 0.973
300 0.692 2298 0.0246 1.55x10”° | 1027x10° | 1.48x10° 0.959
350 0.593 2349 0.0302 2.17x10% | 12.06x10”° | 2.03x107° 0.938
400 0.519 2402 0.0364 2.92x10° | 13.90x10° | 2.68x10° 0.917
450 0.461 2455 0.0433 3.82x107° | 15.76x10> | 3.42x10° 0.894
500 0.415 2507 0.0506 4.86x10° | 17.63x10° | 4.25x10° 0.873
550 0.378 2559 0.0580 6.00x10° | 19.5x10° | 5.16x10° 0.860
600 0.346 2611 0.0656 7.26x10° | 21.4x10° | 6.18x10° | 0852
700 0.297 2710 -0.0811 10.1x10° | 25.1x10° | 8.45x10° 0.839
800 0.260 2810 0.0977 13.4x10° | 28.8x10° | 1L.1x10° 0.828
EK.4.3 Argon
200 2.435 523.6 0.0124 0.98x10° | 1.60x10° | 0.66x10° 0.674
250 1.948 522.2 0.0152 1.49x10° 1.95x10° 1.00x10° 0.672
300 1.623 521.6 0.0177 2.09x10° | 2.27x10° | 1.40x10° 0.669
350 1.392 521.2 0.0201 2.78x10° | 2.57x10® 1.85x10° 0.666
400 1218 521.0 0.0223 3.52x10° | 2.85x10° | 2.34x10° 0.665
450 1.082 520.5 0.0244 433x10° | 3.12x10° | 2.88x107° 0.665
500 0.974 - 520.8 0.0264 520x10° | 3.37x10° | 3.45x10° 0.664
550 0.886 520.7 0.0283 6.14x10° | 3.60x10° | 4.07x10° 0.662
600 0.812 520.6 0.0301 | 7.12x10° | 3.83x10° | 4.72x10°® 0.662
700 0.696 520.6 0.0336 928x10”° | 4.25x10° | 6.11x10° 0.658
800 0.609 520.5 0.0369 1.16x10° | 4.64x10° | 7.62x10° 0.655
900 0.541 520.5 0.0398 1.41x10° | 5.01x10° | 9.26x10° 0.654
1000 0.487 520.5 0.0427 1.68x10° | 5.35x10° 11.0x10% 0.652
1200 0.406 520.5 0.0481 228x10° | 5.99x10° | 14.8x10° 0.648
1400 0.348 520.4 0.0535 2.96x10° | 6.56x10° | 18.9x107 0.638
FEX.4.4 Karbondioksit (atm basincinda)
200 2683 759 0.0095 0.47x107 1.02x10° | 0.38x107° 0.814
250 2146 806 0.0129 0.75x107 1.26x10° | 0.59x107 0.790
300 1789 852 0.0166 1.09x10° | 1.50x10° | 0.84x10° 0.768
350 1533 897 0.0205 1.49x10° | 1.73x10”° | 1.13x10° 0.755
400 1341 939 0.0244 1.94x107 1.94x107 1.45x10° 0.747
450 1192 979 0.0283 2.43x10° | 2.15x107 1.80x10° 0.743
500 1073 1017 0.0323 2.96x10° | 235x10° | 2.19x10° 0.740
550 0976 1049 0.0363 3.55x10° | 2.54x10° | 2.60x10° 0.734
600 0894 1077 0.0403 4.18x10° | 2.72x10° | 3.04x10° 0.727
700 0767 1126 0.0487 5.64x10° | 3.06x10° | 3.99x10° 0.708
800 0671 1169 0.0560 7.14x10° | 3.39x10° | 5.05x10° 0.708
900 0596 1205 0.0621 8.65x10° | 3.69x10° | 6.19x10° 0.716
1000 0537 1235 0.0680 10.25x10° | 3.97x10° 7.40x10° 0.721
1200 0447 1283 0.0780 13.6x10° | 4.49x10° | 10.04x10° | 0.739
1400 0383 1315 0.0867 17.2x10° | 4.97x10° 13.0x10° 0.754 -




EK.4.5 Karbonmonoksit

Isal

Sicaklik, Yogunlu3k, Ozgiil 151, kistlsgl;tsl:n k| yaymm vg&gﬁ;k# %;x:;;?tt;k Prandtl
¢ 3 > £3
T (K) p (kg/m’) | Cp (J/kg°C) (W/m°C) kat(srillyzlllss)l, a (Resins) 8 (ms) sayisi, Pr
200 1708 1045 0.0175 0.98x107 1.27x10° | 0.75x107 0.763
250 1366 1048 0.0214 1.50x10° | 1.54x10° | 1.13x10° 0.753
300 1138 1051 0.0252 2.11x10° | 1.78x10° | 1.56x10° 0.743
350 0976 1056 0.0288 2.80x10° | 2.01x10° | 2.05x10° 0.735
400 0854 1060 0.0323 3.57x10° | 221x10° | 2.59x10° 0.727
450 0759 1065 0.0355 439x10° | 2.41x10° | 3.18x10” 0.723
500 0683 1071 0.0386 5.28x10° | 2.60x10° | 3.80x107 0.720
550 0621 1077 0.0416 6.22x10° | 2.77x10° | 4.46x10° 0.717
600 0569 1084 0.0444 720x10° | 294x10° | 5.17x10° 0.718
700 0488 1099 0.0497 927x10° | 3.25x10° | 6.66x10° 0.718
800 0427 1114 0.0549 11.5x10° | 3.54x10° | 8.29x10° 0.718
900 0379 1128 0.0596 13.9x10° | 3.81x10° | 10.04x10” | 0.721
1000 0342 1142 0.0644 16.5x10° | 4.06x107 11.9x107 0.720
1100 0310 1155 0.0692 19.3x10° | 4.30x10° 13.9x107 0.718
1200 0285 1168 0.0738 22.2x10° | 4.53x10° 15.9x107 0.717
EK.4.6 Helyum
200 0.2440 5197 0.115 0.91x10™ 1.50x10° | 0.61x10* 0.676
250 0.1952 5197 0.134 1.54x107 1.75x10° | 0.90x10* 0.680
300 0.1627 5197 0150 1.77x107 1.99x10° | 1.22x10* 0.690
350 0.1394 5197 0.165 2.28x10™* | 2.21x10° | 1.59x10° 0.698
400 0.1220 . 5197 0.180 2.83x10% | 2.43x10° | 1.99x107 0.703
450 0.1085 5197 0.195 3.45x10* | 2.63x10° | 2.43x10° 0.702
500 0.0976 5197 0.211 4.17x10* | 2.83x10° | 2.90x10™ 0.695
550 0.0887 5197 0.229 497x10% | 3.02x10° | 3.40x107 0.684
. 600 0.0813 5197 0.247 5.84x107 | 3.20x10° | 3.93x107 0.673
700 0.0697 5197 - 0.278 7.67x10°% | 3.55x10° | 5.09x107 0.663
800 0.0610 5197 0.307 9.68x107 | 3.88x10° | 6.37x107 0.657
900 0.0542 5197 0.335 11.9x10° | 420x10° | 7.75x107 0.652
1000 0.0488 5197 0.363 143x10* | 4.50x10° | 9.23x10* 0.645
1200 0.0407 5197 0.416 19.7x107 | 5.08x10° 12.5x107 0.635
1400 0.0349 5197 0.469 25.9x107 5.61x107 16.1x10™ 0.622
1600 0.0305 5197 0.521 32.9x10% | 6.10x10° | 20.0x10° 0.608
1800 0.0271 5197 0.570 40.4x10" | 6.57x10° | 24.2x10" 0.599
2000 0.0244 5197 0.620 48.9x10% | 7.00x10° | 28.7x107 0.587
EK.4.7 Hidrojen
200 0.1299 13,540 0.128 0.77x10* | 0.68x10° | 0.55x107 0.717
250 0.0983 14,070 0.156 1.13x10° | 0.79x10° | 0.80x10* 0.713
300 0.0819 14,320 0.182 1.55x10* | 0.89x10° | 1.09x10™ 0.705
350 0.0702 14,420 0.203 2.01x10* | 099x10° | 1.42x10* 0.705
400 0.0614 14,480 0.221 2.49x10* | 1.09x10° 1.78x10™ 0.714
450 0.0546 14,500 0.239 3.02x10* | 1.18x10° | 2.17x10” 0.719
500 0.0492 14,510 0.256 3.59x10™ 1.27x10° | 2.59x107* 0.721
550 0.0447 14,520 0.274 4.22x10™ 1.36x10° | 3.04x107°* 0.722
600 0.0410 14540 0.291 4.89x10% | 1.45x10° | 3.54x107 0.724
700 0.0351 14,610 0.325 6.34x107 1.61x10° | 4.59x107 0.724
800 0.0307 14,710 0.360 7.97x10™ 1.77x107 5.76x10™* 0.723
900 0.0273 14,840 0.394 10.8x107 1.92x107 7.03x107 0.723
1000 0.0246 14,990 0.428 11.6x107 | 2.07x10° | 8.42x10™ 0.724
1200 0.0205 15,370 0.495 15.7x10% | 2.36x10° | 11.5x107 0.733




KEK.4.8 Nitrojen

n Ist iletim Isil Dinamik Kinematik
Sl;%gik’ Y()(%l;l/‘llll}k, COZ(%*;;: 1‘5’2,:) katsayisy, k& k:taymlm vizkozite, u | vizkozite, Prandg
) | akgmy | Cp(lkg (W/m°C) gf‘g,’:; 21 (kg/ms) | 9(m¥s) |SHILET
200 1.708 1043 0.0183 1.02x10° | 1.29x10° | 0.75x10° 0.734
250 1.367 1042 0.0222 1.56x10° | 1.55x10° | 1.13x10° 0.725
300 1.139 1040 0.0260 2.19x10° | 1.79x10° | 1.57x10° 0.715
350 0.967 1041 0.0294 2.92x10° | 2.01x10° | 2.08x10° 0.711
400 0.854 1045 0.0325 3.64x10° | 221x10° | 2.59x10° 0.710
450 0.759 1050 0.0356 447x10° | 241x10° | 3.17x10% 0.709
500 0.683 1057 0.0387 5.36x10° | 2.59x10° | 3.79x10° 0.708
550 0.621 1065 0.0414 6.26x10° | 2.76x10° | 4.45x10° 0.711
600 0.569 1075 0.0441 7.20x10° | 2.93x10° | 5.14x10° 0.713
700 0.488 1098 0.0493 9.20x10° | 3.24x10° | 6.63x10° 0.720
800 0.427 1122 - 0.0541 11.3x10° | 3.52x10° | 824x107° 0.730
900 0.380 1146 0.0587 13.5x10°. | 3.79x10° | 9.97x10° 0.739
1000 0.342 1168 0.0631 15.8x10° | 4.04x10° | 11.8x10° 0.747
1200 0.285 1205 00713 20.8x10° | 4.50x10° | 15.8x10° 0.761
1400 0:244 1233 00797 26.5x10° | 4.92x10° | 20.2x10° 0.761
EX.4.9 Oksijen
200 1951 - 906 0.0182 1.03x10° 1.47x10%. | 0.75x10° 0.728
250 . 1561 . 914 . 0.0225 1.58x10° | 1.78x10° | 1.14x107 0.721
300 1301 920 0.0267 2.23x10° | 2.07x10° | 1.59x10° 0.711
350 1115 929 0.0306 2.95x10° | 2.34x10° | 2.10x10° 0.710
400 0976 942 0.0342 3.72x10° | 2.59x10° | 2.65x10° 0.713
450 0867 956 0.0377 4.55x10° | 2.83x10° | 3.26x10° 0.717
500, 0780 971 0.0412 544x10° | 3.05x10° | 3.91x1p” 0.720
550 0709 987 0.0447 6.38x10° | 3.27x10° | 4.61x10° 0.722
600 0650 1003 0.0480 7.36x10° | 3.47x10° | 5.34x10° 0.725
700 0557 1032 0.0544 9.46x10° | 3.85x10° | 6.91x10° 0.730
800 0488 1054 0.0603 1.17x10° | 4.21x10° | 8.63x10° 0.736
900 0434 1074 0.0661 1.42x10° | 4.54x10° | 10.5x10° 0.738
1000 0390 1091 0.0717 1.68x10”° | 4.85x10° | 12.4x10° 0.738
1200 0325 1116 0.0821 2.26x10° 5.42x107° 16.7x107 0.737
1400 0278 1136 0.0921 291x10° | 595x10° | 21.3x10° 0.734
FK.4.190 Su Buhan

300 00253 2041 0.0181 3.51x10° | 0.91x10° | 36.1x10° 1.03
350 0258 2037 0.0222 422x10° | 1.12x10° | 4.33x10° 1.02
400 0555 2000 0.0264 2.38x107 1.32x10° | 2.38x10° 1.00
450 0491 1968 0.0307 3.17x10%° | 1.52x10° | 3.10x10° 0.98
500 0441 1977 0.0357 4.09x10° 1.73x10° | 3.92x10% 0.96
550 0401 1994 0.0411 | 5.15x10° | 1.93x10° | 4.82x10° 0.94
600 0367 2022 0.0464 625x10° | 2.13x10° | 5.82x10° 0.93
700 0314 2083 0.0572 8.74x10° | 2.54x10° | 8.09x10° 093
800 0275 2148 0.0686 11.6x10° | 2.95x10° | 10.7x10° 0.92
900 0244 2217 0.078 14.4x10° 3.36x10° 13.7x10° 0.95
1000 0220 2288 0.087 17.3x10° | 3.76x10° | 17.1x10° | 0.99
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Tungsten celigi (w2%)
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I

0
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Sicaklik °C ) Sicaklik °C
Sekil 1.6 Yalitim malzemelerinin 1s1 iletim katsayilarimin sicaklikla degisimi Sekil 1.7 Metallerin 1s1 iletim katsayilarimin sicakhikla degigimi

Tablo 1.1 Cesitli maddelerin 1s1 iletim katsayilarinin mertebeleri

Is1 Tletim Katsayis1

Malzeme W/(m.K)

Gazlar 0.002 - 0.2
Yaglar 0.1 -1.0
Su 0.5 - 0.7
Sivi metaller 10 — 100
Katilar (metal olmayan) 0.03 = 3.0
Katilar (alasimlar) 20 — 200
Saf metaller 40 — 400

Tablo 1.2 Mertebe olarak ortalama is1 transferi katsayilar

Dogal Konveksiyon Zorlanmis Konveksiyon

Akiskan W/ (m2K) W/ (m2.K)
Gazlar 5 — 30 30 — 300
Yaglar 5= 100 30 — 3000
Su (tek faz) 30 — 300 300 — 10000
Sivi metaller 50 — 500 500 — 20000
Su kaynamasi 2000 — 20000 3000 — 100000
Su buhar vogugmasi 3000 — 30000 3000 — 200000
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ZORLANMIS TASINIM

Kullanim Sarti Formiil Aciklama
Re< 5x10° Nu, = 0.332 (Re)Y/?(Pr)'/3
é T,=sabit Nu, = 0.664 (Re)Y/2(Pr)1/3 Akiskan Ozellikleri
E 2 Nu, = 0.418 (Re)Y/2(Pr)1/3 r -yt
- gy=sabit ) ) ! 2
= Nu;, = 0.836 (Re)Y/2(Pr)l/3
;g Z b (Re)™=(Pr) Film sicakliginda sabit
= Re> 5x10°
—cahi . 1
T,=sabit Nu, = (Pr)3(0.036 Re®® — 835)
o (0,0668(%)R€D PT’) Akiskan 6zel. yayik sicaklikta sabit
Re<2300 Nup = 3.65 + D 273 7 =Tt
<1 +0,04[(7) RepPr] > e
ad T.=sabit Akigkan 6zellikleri giris ve ¢ikis
5 y 1/3 sicakliklari ortalamasinda sabit
S D u
3 Nap =186 RepP) (T) 6D |gepr(2) 5 10
= Hy ’
< E Akiskan 6zel. yayik sicaklikta sabit
<
ﬁ & L (L/D)>0,0 Pr>0,5 1sitma
S Nup = 0,023 Rep*8 Pr o Ok
Re>2300 n=v,4 1s1tma
D —
o . WD = 0,027 Re%8pyrl/3 (i)o'l‘L n=0,3 sogutma sogutma
®) Ty=sabit Hy
m
DD — 4A  Islak Alan x4
TS TS, Islak Cevre
DOGAL (KENDILIGINDEN) TASINIM
Nu = C(Gr = Pr)™
Geometri (Gr = Pr) C m Aciklama
Diisey levha ve silindir 10* - 10° 0,59 1/4
(karakter uzunluk, 10° - 10 0,10 1/3
yiikseklik)
e 10* - 10° 0,53 1/4
) Itatas(kSlllnldL r 10° - 10%2 0.13 1/3
(karakteristik uzunluk, gap) Akiskan ozellikleri
Yatay Levha 2x10* — 8x10° 0,54 1/4 T, +T.,
1s.¥t11ar'1 levhamr} iist 2x10° — 4x10’ 0,70 1/4 Tf - 2
yizent ija?tj’u..gz‘j;l"‘“ 8x10°— 10 0,155 1/3
film sicakliginda sabit
Yatay !;(tel\l/al;lllaévhanm 105 - 1011 0,58 1/4
alt yiizii >10" 0,25 1/4

veya sogutulan
levhanin st yiizii

=
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BOYUTSUZ SAYILAR

TABLO 6.2 Bazi boyutsuz 1s1 ve kiitle gegis parametreleri

Grup Tamm Fiziksel Anlami
Biot sayisi hL Bir katinin ig 1s1l direncinin, sinir tabaka isil
(Bi) Z direncine orani.
Kiitle gegisi icin h, L I¢ madde yayilim direncinin sinir tabaka
Biot sayist By madde gegisi direncine orani.
(Bin)
Bond sayisi glp,-p, JL?>  Yergekimi ve yiizey gerilme kuvvetlerinin
(Bo) o orani.
Siirtiinme katsayisi T Boyutsuz yiizey kayma gerilmesi
(¢p) pV2/2
Eckert sayisi V2 Akisin kinetik enerjisinin sinir tabakasi
Ec ————— entalpi farkina orani.
( ) CP (Ts gt Tw ) P
Fourier sayist ot Bir katida 1s1 iletiminin 1s1l enerjinin
(Fo) Z depolanma hizina oran). Boyutsuz zaman.
Kiitle transferi igin D pt Madde yayiliminin, madde depolama hizina
Fourier sayisi I2 orani. Boyutsuz zaman.
(Fow)
Siirtiinme faktorii Ap I¢ akig icin boyutsuz basing diistimi.
(0)) 2/ D)pu? /2)
Grashof say1si gB(T, -T.)1* Kaldirma kuvvetlerinin, siirtinme
(Gry) ST‘ kuvvetlerine orani.
Colburn j faktorii StPr3/3 Boyutsuz 1s1 gegis katsayisi.
()
Colburn j faktori SthCZ/ 3 Boyutsuz kiitle gegis katsaysi.
Um)
Jakop sayisi c,(I, -T,,)  Duyulurisinin, sivi-buhar faz degigimi
Ja) h, sirasinda gizli 1s1ya orani.
g
Lewis sayisi o Is1 ve kiitle yayilim katsayilarinin orani.
(Le) -

-3 Nusselt sayisi hL Yiizeydeki boyutsuz sicaklik gradyani.
() - )
Peclet sayisi VL Boyutsuz bir 1s1 gegisi parametresi.

—=Re, Pr
(Per) P
Prandtl sayist Cplt v Momentum ve 1s1 yayilim katsayilarinin
(Pr) T orani.
Reynolds sayisi VL Atalet ve siirtiinme kuvvetlerinin orani.
(Rey) v
Schmidt sayisi v Momentum ve kiitle yayilim katsayilarinin
(S0) Dig orani.
TABLO 6.2 Devam
Grup Tanim Fiziksel Anlam
Sherwood sayisi h, L Yuzeydeki boyutsuz derisiklik gradyani.
(Sh) By
Stanton sayisi h Nu, Degistirilmis Nusselt sayist.
(S0 pVe, Re Pr
Kiitle transteri i¢in h,, Sh,; Degistirilmis Sherwood sayisi.
Stanton sayisi v Re, Sc
(Stm) )
Weber sayisi V3L Atalet ve yizey gerilme kuvvetlerinin
(We) —O’ orant.
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Isi1 Gecisinde Kullanilan Semboller, Birimleri ve Boyutlari
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APPEMPIX

C

CATALOG OF SELECTED
CONFIGURATION FACTORS

Arca o4, of ditfesennial widily aud oy
Tewgrh., W infimmely bong sirip afd. ol
differential width and with paralic]
generating Lime o a4

Cos

dFy g = dy = Ldisin g}

Aren oA, of differential width and any
length tr any cylindncal suefiwe 4,
peaneratid by o lime o infinite length
mavinge parallel 1 iself and parallel
L the plane of oA,

Fio oo = Msin g0 — st g)
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28 THERMAL RADIATHON HEAT TRAKSFER

i Sirp of finie length & and of dil-
ferential wudth. o duierential sitip
vl same bengethoon parallel generming
bire
Las i q
adFy g2 = Hrl;l’ [ian -
i'r r
| 4 Plane element oA, by plane parisdlel
.-I__.-"' rectangle; narrmal 0 element passes
b A I Wrcangh cormer ol ceclangle.
T 2 b
~ C . I_.I' -2
o el ! Y=2 Y=
Py
day
¥ X
F:'|.:e=|— —x—rﬂ!'l'l'— — =tan ' —— -}
=T + XF VI+ XY vl PR ViI+ FF
5 ’ Staap clement e reclangle weoplane
: parallel Lo strp: sieip s epposile one
edpe of reclangle
i &
X =- = -
< ¥ £
] -- Xr ¥
F:l_J—LL‘L | - ¥*1an-* X —tan~l X b e ———qap ! —]
n¥ viE+ ¥R V4 X2 VI + X7
T ;1 Flane element oA, 10 reclanale in
plans 907 0 plane of clement
b o Iy
.-‘Ir = E J"r = E
."' -
L |
f L /
" [ eof a4,
Pt e
[ad L -—
E 1 I
Foooz = {lan" = = 1an"—._-—-_-)
2= ¥oowxys oy VkE+oyE
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APPENIIX ¢ 1029

Element o4, of differerial widith and
any length e senu-nfinie plane.
Plane contaming o4, and semi-infi-
mite plane intersect at angle  at edge
of semi-infinite plane

F, .= Et_l + con gl

Flane element oA, 0o parallel isos-
celes triangle of height froand sikes
# normal 1o element passes through
vertex of triangle.

N ¥
H--I R !

. M [RE R
Foee = - - lan -t T
T e T N T e

N\
e
>

e ——
—

;LT

Plane element 44, to paralle] poly-
gom havimg moegual sides; normal 0
clement passes through center of
Py Eon.

b ¥
A= 7 R = i

nH g 2
Fd]_! = ————1an"! llu_i_H
w1 4+ HE Wl + K

o e e o e

1
e
I
-

Snp element «£A, W rectangle inplase
at 907 1o plane of sirip.

i . [
X=3% ¥=¢

oy

FHX2 4+ ¥4 1) ¥ 1 ]

3 7 T e N ——
LFF = 1JX% + ¥7) v y% ; ye v XT+ 7R

il -

Twar infinitely long, dircctly  op-
V posed parallel plates of the same fi-
| nme widih,
n k
H=-
W

F]'? == Fg,_| = V] o .”I# = ff

13



1030 THERMAL RAINATION HEAT TRANSFER

12 f_,-i-"—ﬂ I Identical, parallel, directly oppused
) rectangles.
C X =? ¥ - b
'y C

153
2 i+ X301 + ¥ ey X
F .= In + XN % Yian™!' —
- H’T[{ :+x3+r=] VI 1

FFVTF X' —Y  _ Xan ' X - Yan' ¥
.\‘I I + Xﬂ.
13 Finite rectangle A, of any size, filted
al angle wporelive tooan infinie plane
."t'i.
F..= _-Ig[l — sl
14 Twa infimiely long plates of cqual
Nnite width w, having one comimon
cdge and having an included angle o
1o ecach other
Fiog=fay =1 = sing
2
15 T i|'|‘|'||:1.i[|_‘|3,- |1Il'lt: FI':I:H.'.\ i IJ1'||,‘.|,||,|.i,:|
_ A widths b and w, having one common
bt cdge and having an angle of % o
h ane Ay cach ther.
00 s T A
e ——] H==
Fioe = Bl + H - VT + HE)
16 Two e rectangles of same length,

having one common edge and hav-
ing an angle of 90¢° (o each mher.

_h ="

H_‘, H’—T
3 _ i TP _;1 I.! £ El ] -1 —I
2= o an Ef+,f-]l'mn F—‘rﬂ' 4+ H¥ian Ve

oy d 0+ Hﬂ][ WL & W7 4 HY ]“'*[ H( + H® + W3
R R B (T gy 2 B N ey BTy T e H
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APPENDIX © 1031

Infinitely long enclosure formed by
three plane arcas.

Fooom At Az = As
1= =
24,

Plane slement oA, o circolar disk in
plane parallel w0 element; normal
element passes through center of disk

- re

a2 = gy e

Plane element o4 oo ciccular disk i
plane parakle] (o element,

g=" p_r

4] a

Z=1+H"+ K
1 1 + #7 - R?
faa=3(1 - o=

Plane clement oA, o cireelar disks
plines contaming element and disk
inlersect an WO0°; J == p.

A _
H=7 R=

L
/
Z=1+H*+ R

_H z_
Foa=g\ T am

Plane element &4, to parallel circular
segment, normal o clement passes
through center of sk containing
scgment.

IIR-: _ Hnll

H
T, VT + A7)

-1
= '11:1“
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1032 THERMAL RADIATION HEAT TRANSFER

Flame clement oA, 10 elhptcal plate
in plane parallel o element; mormal
to clement passcs through center of
plale

i

F.-.1-2 b =
1,."1’&2 + aﬁ]‘aﬁa + b?}

23 -hy

24

Parallel circuler disks wily cenrers
along the same normal,

)

R
1 . IR
F1-==E[Jr— fr*—a{ﬁ]]

Stnp elemem dA; of any length o
infiniely long cylinder, v = r.

X = r=1%
r r

¥

it = ¥ >
e I [ 1}

Clement of any length on eylinder o
pline of infwmite kength and widih,
Faa = 401 4+ cos g}

21



Fri-z = =

[
'

L L[ X - 20
 HVXY

AFPEMLIY 1033

Plane element A, e right circalar
cylinder of finite length § and radms
ronoemal 1 glement passes through
one end ol cyhmler and s perpen-
dicular to cyhinder axis.

L =

X=1(1 4 HPF 4 L?
Yo {l — HJF + L7

MH -1 1, [
W YiH+ 1y H H+

Infimutely long plance of finite widih
te parallel infinicly long cyhinder.

) r & L
Eo_.= -1 e
1-% F—a [lﬂﬁ p Lan rJ

Infimnely long cylindmcal hne source
Ay 1 a parallel infinely long cvl-
mder A-.

| r
Fo.=—sin' —J
i .

1

—dA,

Enfinitely long cylindrical line solree
dA, 1o any evlindoeal surface A,
generated by a ling of infinile length
meving parallel to itself and parallz)
o the line sounce.

I
Fo:= ;I"l:l;"l T oEl

22



103 THERMAL RADIATION HEAT TRANSFER

Bl Infinitely long parallel oylinders of
the same digmeier,
g
X =14 E
I r
Froe = Fay =;l'«".x='— |
|
+ sin ¥~ .li’)
kY| Coneentric cylnders of  infinite
lenigth
.F|-:1 = I.
Faa =7
Faa=0-2 .
ra
32 Two concentric evlinders of same fi-
mite leagih,
g= -4
1 Fy
A= LF 4+ R — |
B=12— R4 ]
l 1 - B L ] p : . B o] :rr.-'i]ﬂ'
—_— — {0 e 3 ] | il |
Fay F "R{ms i A 2) (2R} cos 7at E sin R 7 j
P2 IV RE | L [VaR® + LF . 4R = 1) + (LY REUK = 3)
= [ — J— -1 = e e f— T =1 = —
Faa = 1= g4 [jtan L TR [ A FEpETy T
. R =2 Wog e E
— sin-} =+ ’_;( “':L + £ ]H wherg for any argument £
T P m
-3 E 11 Rl 3
LI R
3

Twa ring elements on the interior of
4 right eircular oylinder

X
r=g

A a
d'Fﬂl.—ll:l _ [I - ‘X + 3X] -I'fx:

20X+ It
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APPENDIN © 1035

14 Ring clement dd | on interior of righi
circular cylinder e corcular disk A-
at emwd of cyvlinder,

= X

T I
_ x4

di-31 —
T+ 1

15 "“"'I Spherical point source w0 a sphere of
radins r

| ¥
| A o= -
b L
| ../’:_ ™, Fapo = 3I=471 — R
| g

1is |

i A

o T, -.ﬂ,z

1] Plane element oA, 0 sphere of ra-
dius #2 normal w cenier of element
passes through center of spheere

P L
Fa-s = (7)
-2 {Ir
a7 e Py Plane chement o4, to sphere of ra-
AT dius ri tangent to element passcs
f*___,'-f"'j"n through center aof sphere
. 1 1
'I.ffr ] /
I ) ==
m ! F
|
*---:I.E..I

24



1036 THERMAL RAIMATION HEAT TRANSFER

GH Sphere of radius r, 1o disk of radius
Foomrmal o center of disk passes
through center of sphere

o
Rg = I
i 1
FI.—H e (1 - }
2 I

g Sphere e sectar of disk; normal o
cemer of disk passes through center
of sphere.

=
Ry T ‘
dar V1 + B3
a0 Sphere to segment of disk
Fx _ :1:
R P &= A
) cos ' (S/R i I = 5% = 257
Frg=i_ fo8 SR 1 0.l T
B 2T+ R 47 (+ 3R,
41 Concentric spherncs.

Fia =1

a
o (3
Fg

F
- )

Fa
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[¥ifferential oo Finile arcas on the in-
side ol a spherical caviry
GF s ue = dF, g = 22

SRR

l’.-.1 i s .4?

EET gy

Iki Boyutlu Geometriler Icin Sekil Faktorleri

TABLO 13.1 iki Boyutlu Geometriler Iin Sekil Faktorleri [4]

Geometri

Baginti

Paralel Levhalar

Bir Kenarlan Ortak Esit
Geniglikte Egimli Diz Levhalar

[(Wi +Wj)2 +4]1/2 - [(W, —Wi)z +4]”2

2W;

!

WIZWI/L’W,=W,/L

F;=1 —sin(g]
)

(devam ediyor)

26



TABLO 13.1 Devam

Geometri

Bagnti

Bir Kenarlar Ortak Dik Levhalar

Silindir ve Paralel Dikdortgen

- o -

e 1+(wj/w,)—[l+(wj/w,-)2]”2

ij 9

_WI+W, - Wy

__1_ 2 5 1/2
F~—27z%c+[c (R+1)°]

“le? = r-1?]"

+(R-1) cos™! [[ﬁj—(—l—ﬂ
C C

—(R-&-l)cos’1 Hﬁ —1—
C C

R=r;/r,S=s/r
C=1+R+S

r =1 i S
F; = |:tan 1ZL _tan l—zw}
S1— 82 L L

27



Uc Boyutlu Geometriler Icin Sekil Faktorleri

TABLO 13.2  Ug Boyutlu Geometriler Icin Sekil Faktérleri [4]

Geometri

Baginti

Paralel Dikdortgen
Levhalar
(Sekil 13.4)

Es Eksenli Paralel Dairesel
Levhalar
(Sekil 13.5)

g

o

Ortak Kenarlar1 Olan
Birbirine Dik Dikdortgen
Levhalar

(Sekil 13.6)

X=X/LY=Y/L

2 { [(1+)?2)(1+)72) 1
Ej: Eermge) ln —n —
Xy 1+ X~ +Y~
+5(~(1+)72)1/2tzm_1 i( =
(1+¥2)""
+S7(1+f2)”2tan_1 ( Z )]/2 —Xtan' X - ¥ tan™! )7}
14 5>
Ri=r/LRj=r;/L
1+ R?
§=1+——

R?
FU:%{?—[52—4(1}-/),)2]”“}
H=Zi ¥ W=Y X
F; :L[Wtan_1 i+Htan‘] L]

nw w H
5 N/2 1
—(H_+W~> tﬂﬂ]ZHz—-—z'm—
+W?)

+lln{(l+W2)(1+H2)|— W2(1+w? +H?) ]
41 1+w2 B LQ+w2) W+ H?)

[y ||

28
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Sekil 10.7 Birbirine paralel iki dikdértgen yiizey arasinda 1sima sekil faktora [5]

01 0.2 04 06081 2 4 6 810
Y/D

Sekil 10.8 Birbirine dik ve bitisik iki dikdertgen yuzey arasinda 1s1ma sekil fak-
tora [5]

K 152

¢ e ¢
01 0.2 04 06 081 2 4 6 8 10
R =r/L

Sekil 10.9 Birbirine paralel iki disk arasinda 1sima sekil faktoru [5]



EK-C
YUZEYLERIN ISIL ISINIM OZELLIKLERI

Tablo C. Yizeylerin Isil Isinim Yayinlama Katsayilar:

Yizey T°C €
Aluminyum:
Cok parlatilmis % 98.3 saf 237 - 576 0.039 - 0.057
Puriazlu parlak 100 0.18 .
Ticari levha 100 0.09
Okside olmug 93 - 505 0.20 - 0.31
Piring:
Cok parlatilmis, 73,2 Cu, 26,7 Zn 247 - 357 0.028 - 0.31
Parlatilmig 100 0.06
Levha, dogal yiizey 22 0.06
Bakir:
Parlatilmis elektrolitik bakir 80 0.018
Parlatilmig 100 0.052
Erimis 1076 - 1278 0.16 - 0.13
Demir ve Celik:
Parlatilmig gelik 100 0.066
Parlatilmis demir 427 - 1028 0.14 - 0.38
Dokme demir, parlatilmig 200 0.21
Dokme demir 22 0.44
Demir levha, paslanmis 19 0.69
Celik levha, ince oksit tabaka 24 0.82
Celik levha, purizli 38 - 372 0.94 - 0.97
Dokme demir erimis 1300 - 1400 0.29
Celik, erimis 1522 - 1650 0.43 - 0.40
Paslanmaz celik, parlatilmisg 100 0.074
Kursun, gri oksit 24 0.28
Magnezyum oksit 278 - 827 0.55 - 0.20
Nikrokrom tel, parlak 49 - 1000 0.65 - 0.79
Nikel-giimiig, parlatilmis 100 0.135
Saf giimiig, parlatilmig 227 - 627 0.02 - 0.032
Cinko, galvanize sag, oldukea parlak 28 0.23
Tungsten flamenn 3320 0.39
Kalay 23 0.043 - 0.064
Asbes levha 28 0.96
Kirmizi tugla, piiriizlii 21 0.93
Diiz cam 22 0.94
Cesitli yagh boyalar 100 0.92 - 0.96
Cesitli aluminyum boyalar 100 0.27 - 0.67
Ince kagit (siyah levha iizerine yapistirilmis) 0.92 - 0.94
Su 0-100 0.95 - 0.963
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EK.5.2 Metal olmayan yiiz_eyl_erin 1s1l lslnl'm'yayma katsaynlari '

_ Madde " Yiizeyin durumu Sicaklik (K) vEmiggivi,t'e,
Asbest levha « 0 297 | . 096
Tugla Kirmiz: puiriizlii 293 - 0.93
Karbon flament ° 1313 |- 053 -
Cam Piiriizsiiz 293 © 093
Buz Piiriizsiiz 273 0966

Piriizlii 273 | 0985
Kargir duvar Swvalr 273 - 093
Kagit Siyah levha iizerine yansitilmis 293 '. .080
Ince siva Beyaz piiriizlii - 293 | 093

Porselen Suli - - 293 093

| Kuvars Erimig 0293 | 093
Kauguk - 4 _ |
* Yumugak Gri 297 | 086
Seit Siyah pariizli 297 | 095
Ahsap v ‘ )
Kayin agaci " Diiz 343 - - 093s.
Mese .. Diiz 294 0885

EK53 Kaplama ve boyah yiizeylerin i1sil 1smum katsayilarl '

‘Madde Yiizeyin durumu Sicakhik (K) | Emissivite,
Aliiminyum bronz 373 | 0.20-0.40
' A_lii'rninyurri emaye ~ Pirazli 293 » 0.39
Aliminyum boya 1325°C’ye kadar 1sitilmis 423-588 0.35
Bakalit emaye ' 353 1 _ 0.935
Emaye
Beyaz Puriizli 293 © 090
Siyah Parlak 298 0.876.
Yagh boya 273-473 |  0.885 "
Kirmizi kursun macunu A - 293-373 0.93
Cila, siyah Parlak 294 082 -
" Donuk 348418 0.91



CO, ve H,0 Buharinin Isinim Yayma Oranlarn ve Diizeltme Faktorleri
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20 ¥
4
| ) @“—‘b /X;
i e N = et
f e
! ! { / sl
1
178
i\) = = M‘“W
e T S
. gttt Y I e
P L LT e = -
~ ,«ﬂ///fﬁ’” A
we bl = gt SV P el —
0.5 ;\‘1 =3 f""'/ /'-'//,/ ;;\\)\
oS \"’%A_/ ‘::;/ A L
5% :{‘,‘\'"_‘./ ¥ //" @\ga
QX | /\\--'
o Ll - ——
_ob oo L
oot
g3 / . ! ——
005 008 04 1) 0.3 0.5 9% 14 ae RE S.8

Sekil 11.30 CO, i igimim yayma orami igin diizeltme faktori (14)



1250 1500 1750
Sicaklik, K

Sekil 11.31 1 atm toplam basingta su buharmin 1gitmm yayma orani (13)
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Sekil 11.32 @’m 1$iNm yayma orant i¢in diizeltme faktort (14)
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Figure 13-17 Correction on towal emittance for band overiap when both CQ, and water vapor are
present §8]. (@) Gas temperature 7, = 400 K (720°R); (4) gas temperature 1, = BIGK (1460°R ) ()
gas temperature, 7, & 1200 K (21607Ry



Kanatcik Verimleri

100
80 |-
=
40 . . .
LC:L+t/2
N B
20 | .
O F:
0 0.5 1.0 1.5 2.0 25
Iff(a/xAp)”g

Sekil 3.23 Kesit alan1 dikdértgen, iiggen ve parabol olan kanatciklarin verimi [4]

N %)

100
[~
80 \
AR
60 \\ \\ =
S ANNSN

]
s

TN

ry ~
7‘2}
0
0 0.5 L. 1.5 2D 2.5
L (onA )"
Sekil 3.24 Kesit alanmi dikdortgen, dairesel kanatciklarin verimi [4]
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EkC5-1

BAZI ISI DEGISTIRICI TIPLERI VE AKISKAN GiFTLERINE
AIT YAKLASIK TOPLAM ISI GECIS KATSAYILARI

- . v . . K
Is1 Degistirici Tipi Aciklamalar Wimie
Gaz (a1 bar) boru iginde
’ Gaz (~1 bar) boru disinda 5..15
,_K] r\_ Gaz (200...300) boru iginde
L Gaz (200...300) boru disinda 150...500
Gaz (1 bar,
Sivt ( ) 15...70
Gaz (200...300 bar) boru iginde
i Swvi, boru diginda 200...400
7 Sivi, boru iginde
“\J (l’ Sivi, boru diginda 150...1200
l
b Kizgin buhar, boru disinda .
! % Sivi, boru iginde 300...1200
—:l,x ) Yogusturucu ve buharlastinici
L Jt? igin agsadidaki sekillere bakiniz
Buharlastirict
Boru diginda kizgin buhar
) 1. Dogal taginim
) —_—— a) Viskoz sivilar 300...800
pa Ui b) Viskoz olmayan sivilar 600...1700
e
Kizgin buhar — 2. Zorlanmus tasimim 900...1300
! 5— Yogusmus Sivi
kj ’ H Sicak salamura ile galisan
Sivi amonyak buharlastiric 200...800
Yogusturucu
Boru iginde soduk su, boru
Haval?ndxrma diginda organik buhar veya 300...1200
L amonyak buhari
So_()uk;—’J =
Fy
elas' Buhar tirbini yodusturucular
k C_ Buhar » (Saf subuhart, ince bakir 1500...400
,f‘ buhar borular)
Yogdusmus sivi 1 l ¥
e

-

Soguk Su } ===

——

P\—'—J’L—

Yogusmus Sivi

Sistemde yogusmayan gazlar
varsa, K toplam isi gegis
katsayist dnemli degerlerde
azalir.
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BAZI ISI DEGISTIRICI TIPLERiI VE AKISKAN CIFTLERINE

Ek C5 - 1 : . .
AIT YAKLASIK TOPLAM ISl GECiS$ KATSAYILARI (Devam)
Ist Degistirici Tipi Aciklamalar W;fnzc ‘ .
Aruk isi kazant r.q b Buhar '
~ g N\ Borular icinde duman
gaz R e e gazi, borular diginda 15....50
P o = remrered]| (s buharlalagmakta olan su
\ —]
rr7”? \E_r‘——— —_— _'JJ7777777'Z
Gaz isttict
r T = Isitict akiskan B
LI j | Kanath borular iginden
P It F subuhari veya sicak su,
T = = borular disindan isttilacak
Soguk — I = £ ~_ lsinmig olan gaz gegmekte
gaz ¥ OHE B gaz a) Dogal tagimm 5...12
'_\ H B = /—"' b) Zorlanmis tasinim 12...50
::F. fat s o = 22
1 R 1L L 1
oo o
. ) Gaz (=1 bar) igteki boruda 0..35
I ige iki borulu sistem Gaz (=1 bar) distaki boruda ...
* Gaz (200...300 bar) igteki boruda 20..60
Pl - Gaz (=1 bar) digtaki boruda
e ] f“} Gaz (200...300 bar) igteki boruda
= 6 Gaz(200...300 bar) distaki boruda 150...500
rj [. = Ga It i
z (200...300 bar) icteki boruda
CJ C = Sivi distaki boruda 200...600
[, e _l ( -
i Igte ve dista sivi 300...1400
Su piskirtmeli sogutucu Dista sogutucu su, boru iginde 20...60
Su puskartme Gaz (=1 bar)
i } t i e ista sogutucu gaz, su boru iginde
5 D gaz (200...300 bar) 150...350
i y Dista sogutucu su, toru igince 300...500
Cﬁ ¥ sivi,
L 7 TJ—“ Su puskdrtmeli yogusturucu, )
-  __ dista sogutucu su, boru iginde 300...1200
— ‘L\\ yogusmakta olan buhar
sogutucu su |
SeRpEntn Gory sRguiey Dista scgutucu su veya salamura,
* i = 20...60
_ icte gaz (=1 bar)
RN *
é r Dista sogutucu su, icte
& i gaz (200...300 bar) 150...500
ﬁ i Serpantin boru Dista sofutucu veya salamura,
: g, icte sivi 200...700
!— ﬁ
M Dista sogutucu veya salamura,
41 ; icte yogusmakta olan bubhar 350...800
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Ek C5 - 1 BAZI ISI DEGISTIRICI TiPLERi VE AKISKAN CIFTLERINE
AIT YAKLASIK TOPLAM ISI GECIS KATSAYILARI (Devam)
Is1 Degistirici Tipi Aciklamalar WI|}1(12 C
Celik veya grafitten yapilmis
} levha tipi degistirici
TIT
N Gaz - Su 20...60
e T—
Swvi - Su 350...1200
Gaz - Gaz (~1 bar) 10...35
Gaz - Sivi 20...60
Stvi - Sivi 700...2500
S - yoGusmakta olan buhar 900...3500
A. Distan goémlekli
A. Digtan / '%7 \ Karigtrmal kaplar Dista yogusmakta olan buhar, igte sivi 5069..:1500
GgOmlekli . Digta yogusmakta olan buhar,
)/J i f\[‘\ B. Serpantin icte kaynamakta olan sivi 01700,
[ i boru kap Digta sogutucu su veya salamura 150...350
T - icinde icte sogutulacak stvi
i . Serpanti boru kap iginde
i Boru iginde yoGusan buhar, kapta sivi 700...2500
Boru iginde yogusan buhar, -
kapta kaynamakta olan sivi 1200...3500
Boru iginde sogutucu su veya
salamura kapta sogutulacak s 500...1200
- Distan boru sanimlan kaynakl
Boru iginde yogusmakta olan 500...1700
buhar, kapta sivi
Boru iginde yogusmakta olan -
buhar, kapta kaynamakta olan sivi 700...2300
Boru iginde souk su veya
q e o y 350...900

salamura, kapta sogutulacak s
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Is1 Degistiricileri Icin Kirlenme Faktorii

Tablo 11.1. Kirlenme Faktorii [9]

Akigkan

Kirlenme Faktorii F (ir

Deniz suyu
Sicaklik < 325 K

Sicakhik > 325 K
Antilmis kazan besleme suyu
Yakit yagi (Fuel oil)

Is1l iglem yag1
Buhar (yagsiz)
Alkol buhar:
Hava

Sogutucu akigkan (refrigerant)

0.00009
0.00020
0.00020
0.00090
0.00070
0.00009
0.00009
0.00040
0.00020
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