ORNEK SORU COZUMLERI

Soru_1: 15°C sicakhk ve 800 kPa basingtaki bir oksijen deposunun hacmi 10 m?
degerindedir. Depoya bagl vana agiliyor ve basing 600 kPa degerine distinceye kadar
depodan oksijen aliniyor. Depo icindeki sicakligin degismedigini géz 6niine alarak depodan
alinan oksijen gazinin kitlesini [kg] olarak hesaplayiniz.

Cozim 1:
Kabul: Oksijen gazi, ideal gazdir. islem sirasinda depo igindeki sicakligin degismedigi g6z
onune alinacaktir (aslinda degigir).
Verilenler: P: = 800 kPa = 800000 Pa, T1 = 156°C =288.15 K, V =10 m*
P2 = 600 kPa = 600000 Pa, T, =288.15 K

Bu sorunun ¢6zimi asagida verildigi gibi sinifta 6grenciler ile birlikte adim-adim yapilacaktir.

Hesaplama Adimlari Hesaplama Sonuglari

Adim 1: llgili tablodan oksijenin gaz sabitini bulup | R = 0.2598 kJ/(kgK)
[J/(kgK)] olarak yan tarafa yaziniz. R = 259.8 J/(kgK)

Adim 2: Kitleyi hesaplamak icin 6nce yogunlugun
: _ - (800000 Pa)

hesaplanmasi  gerekiyor. P, =p,RT, ideal gaz| p, =

esitliginden yararlanarak birinci durumdaki oksijen (259.8J/kgK)(288.15K)

yogunlugunu hesaplayip [kg/m?®] olarak yan tarafa | p, =10.686kg/m?3
yaziniz.

Adm 3: m, =pV esitliginden vyararlanarak birinci m, = (10.686 kg / m?)(10 m?3)
durumdaki oksijen kutlesini hesaplayip [kg] olarak yan _
tarafa yaziniz. m, =106.86kg

Adim 4: P,=p,RT, ideal gaz esitliginden yararlanarak | p, (600000 Pa)

ikinci durumdaki oksijen yogunlugunu hesaplayip [kg/m?] (259.8J/kgK)(288.15K)
olarak yan tarafa yaziniz. p, =8.015kg/m3

Adm 5: m,=p,V esitliginden vyararlanarak ikinci m, = (8.015kg/ m3)(10ms3)

durumdaki oksijen kutlesini hesaplayip [kg] olarak yan m, =80.15kg
tarafa yaziniz. 2 '

Adim 6: Depolan alinan oksijen kitlesini hesaplayip [kg] m, —m, = 26.71kg
olarak yan tarafa yaziniz. ! 2 '

Yorum: Depo hacminin degismedigini ama basincin (ve gercekte sicakligin da degistigini)
g6z 6nlne aliniz. Sorulari ¢gbzerken dogru tablo kullanimina ve birimlere dikkat ediniz. Ideal

gazlarda yogunlugun her zaman P=pRT esitliginden ve katle verilmedigi zaman, yogunluk

ve hacim bilgilerini kullanarak kitlenin M = pV esitliginden hesaplanacagini unutmayiniz.




Soru 2: Boyutlart 9 m x 4 m olan yizme havuzundaki suyun derinligi 5°C sicaklikta 3.03 m
olarak olctlmustir. Sicaklik 35°C oldugunda olusacak yeni derinligi [m] olarak hesaplayiniz.
(Buharlagsmaya baglh kayiplari ihmal ediniz).

Cozim 2:

Bu sorunun ¢6zimi asagida verilen kutu icine yapilacaktir.




BILGI

Bircok problemin ¢6zUmunde oOzeliklerin tablolardan alinmasi gerekebilir. Ozeliklerin
tablolardan secimi sirasinda ise interpolasyon islemine basvurulabilir. Interpolasyon islemi
Thales teoremi kullanilarak yapilir. Bu konu ile ilgili olarak asagida érnek bir ¢6zim

verilmistir.

Ornek: ilgili tablodan yararlanarak 18.8°C sicaklik igin sivi suyun yogunlugunu interpolasyon

ile hesaplayiniz.

Sicakhk T, (°C) | Yogunluk, p, (kg/m?)
15.0 999.1
18.8 X
20.0 998.0

C6zim, grafik ¢izimi ve Thales teoremi
kullanilarak yapilacaktir. Thales teoremi,
asagida verilen uggen ile aciklanabilir:

AR\
Iy DE AE AD C\

BC AC AB

Yukarida tablo ile verilen degerler grafige
tasinirsa, asagida verilen dcgen
olusturulabilir.

TG0

R
20°c ++—4
2.8 > D
- E A
'Y A J
998.0 X 999.1 R, (kalu?)

Benzerlikten asagida verilen oranlar
yazilabilir:

999.1-x  18.8-15.0
999.1-998.0 20.0-15.0

Buradan,

X = 998.264 = 998.3 kg/m? olarak bulunur.

Yorum: interpolasyon ile bulunan sonucun
gercek degeri vermedigine sadece yakla-
sik bir deger verdigine dikkat edilmelidir.
Extrapolasyon isleminin benzer sekilde
nasil yapilabilecegini arastiriniz.




OZELIK TABLOSU-01

Bazi1 maddelerin mol ktlesi, gaz sabiti ve ideal-gaz 6zgiil 1silan

Mol Kiitlesi Gaz Sabiti 25°C’deki Ozgiil Isilar
Madde M, kg/kmol R kd/kg - K* ¢, kdkg - K c,, kd/kg - K k=¢,/c,
Hava 28.97 0.2870 1.005 0.7180 1.400
Amonyak, NH, 17.03 0.4882 2.093 1.605 1.304
Argon, Ar 39.95 0.2081 0.5203 0.3122 1.667
Brom, Br, 159.81 0.05202 0.2253 0.1732 1.300
Izobiitan, C,H,j, 58.12 0.1430 1.663 1.520 1.094
n-Batan, C,H,, 58.12 0.1430 1.694 1.551 1.092
Karbondioksit, CO, 44.01 0.1889 0.8439 0.6550 1.288
Karbonmonoksit, CO 28.01 0.2968 1.039 0.7417 1.400
Klor, CI, 70.905 0.1173 0.4781 0.3608 1.325
Klordiflormetan (R-22), CHCIF, 86.47 0.09615 0.6496 0.5535 1.174
Etan, C,H, 30.070 0.2765 1.744 1.468 1.188
Etilen, C,H, 28.054 0.2964 1.527 1.231 1.241
Flor, F, 38.00 0.2187 0.8237 0.6050 1.362
Helyum, He 4.003 2.077 5.193 3.116 1.667
n-Heptan, C,H, 100.20 0.08297 1.649 1.566 1.053
n-Heksan, CgH, , 86.18 0.09647 1.654 1.558 1.062
Hidrojen, H, 2.016 4.124 14.30 10.18 1.405
Kripton, Kr 83.80 0.09921 0.2480 0.1488 1.667
Metan, CH, 16.04 0.5182 2.226 1.708 1.303
Neon, Ne 20.183 0.4119 1.030 0.6180 1.667
Azot, N, 28.01 0.2968 1.040 0.7429 1.400
Azotoksit, NO 30.006 0.2771 0.9992 0.7221 1.384
Azotdioksit, NO, 46.006 0.1889 0.8060 0.6171 1.306
Oksijen, O, 32.00 0.2598 0.9180 0.6582 1.395
n-Pentan, C.H,, 7215 0.1152 1.664 1.549 1.074
Propan, C,H, 44,097 0.1885 1.669 1.480 1.127
Propilen, C;H, 42.08 0.1976 1.531 1.333 1.148
Su buhari, H,O 18.015 0.4615 1.865 1.403 1.329
Kukurtdioksit, SO, 64.06 0.1298 0.6228 0.4930 1.263
Tetraklormetan, CCl, 153.82 0.05405 0.5415 0.4875 1.111
Tetrafloretan (R-134a), C,H,F, 102.03 0.08149 0.8334 0.7519 1.108
Trifloretan (R-143a), C,H,F, 84.04 0.09893 0.9291 0.8302 1.119
Ksenon, Xe 131.30 0.06332 0.1583 0.09499 1.667

* kd/kg - K birimi kPa - m%kg - K birimiyle esdegerdir. Gaz sabiti A= R, /M bagintisindan hesaplanmistir. A, = 8.31447 kJ/kmol - K olup
M, mol kitlesini gostermektedir.

Kaynak: Cengel YA, Cimbala JM, “Akiskanlar Mekanigi Temelleri ve Uygulamalan”, Ceviri Editérii: T. Engin,
Gliven Bilimsel, 2008.



OZELIK TABLOSU-02

Doymus suyun 6zellikleri

Hacimsel
Isi lletim Prandtl sl Genlesme
Yogunluk Ozgiillsi Katsayisi Dinamik Viskozite Sayis| :
Doyma Buharlasma : Katsayisi
Sicakhk Basinci __pkgm? Entalpﬁsi Cp Ihg - K k. Wim - K p, kg/m - s Pr B, 1/K
T,°C Pduy‘kPa Sivi Buhar th, kJikg St Buhar S Buhar S Buhar Sivi Buhar S
0.01 0.6113  999.8 0.0048 2501 4217 1854 0.561 0.0171 1.792 X107 0922 X105 135 1.00 -0.068 x 1073
5 0.8721 999.9 0.0068 24390 4205 1857 0.571 0.0173 1.519x10° 0.934 X 10™° 11.2 1.00 0.015 x 1072
10 1.2276  999.7 0.0094 2478 4194 1862 0.580 0.0176 1.307 X 107 0.946 X 107 9.45 1.00 0.733 x 1073
15 1.7051  999.1 0.0128 2466 4186 1863 0.589 0.0179 1.138 X 10—° 0.959 X 10— 8.09 1.00 0.138 x 1073
20 2.339 998.0 0.0173 2454 4182 1867 0.6598 0.0182 1.002 X 107® 0.973 X 107° 7.01 1.00 0.195 x 1073
25 3.169 997.0 0.0231 2442 4180 1870 0.607 0.0186 0.891 X 10~ 0.987 x 107® 6.14 1.00 0.247 x 1073
30 4.246 996.0 0.0304 2431 4178 1875 0.615 0.0189 0.798 X 107 1.001 X 1075 5.42 1.00 0.294 % 1073
35 5.628 994.0 0.0397 2419 4178 1880 0.623 0.0192 0.720 X 107® 1.016 X 1075 4.83 1.00 0.337 % 1073
40 7.384 992.1 0.0512 2407 4179 1885 0.631 0.0196 0.653 x107° 1.031 X107 4.32 1.00 0.377 x 1073
45 9.593 990.1 0.0655 2395 4180 1892 0.637 0.0200 0.596 % 107° 1.046 X 107° 3.91 1.00 0.415 x 1073
50 12.35 988.1 0.0831 2383 4181 1900 0.644 0.0204 0.547 x 10— 1.062 % 107 3.55 1.00 0.451 x 1073
55 15.76 985.2 0.1045 2371 4183 1908 0.649 0.0208 0.504 X 107% 1.077 x 107* 3.25 1.00 0.484 x 1073
60 19.94 983.3 0.1304 2359 4185 1916 0.654 0.0212 0.467 X 107® 1.093 x 107® 2.99 1.00 0.517 x 1073
65 25.03 980.4 0.1614 2346 4187 1926 0.659 0.0216 0.433x10° 1,110 X 107® 2.75 1.00 0.548 x 1073
70 31.19 977.5 0.1983 2334 4190 1936 0.663 0.0221 0.404 X 107® 1,126 X 107% 2.55 1.00 0.578 % 1073
75 38.58 974.7 0.2421 2321 4193 1948 0.667 0.0225 0.378x107° 1,142 x107° 2.38 1.00 0.607 x 1073
80 47.39 971.8 0.2935 2309 4197 1962 0.670 0.0230 0.355 % 107 1.159 x 107° 2.22 1.00 0.653 x 1073
85 57.83 968.1 0.3536 2296 4201 1977 0.673 0.0235 0.333x10° 1.176 x 107® 2.08 1.00 0.670 x 1073
90 70.14 965.3 0.4235 2283 4206 1993 0.675 0.0240 0.315x107% 1.193 x 107® 1.96 1.00 0.702 x 1073
95 84.55 961.5 0.5045 2270 4212 2010 0.677 0.0246 0.297 X 107® 1.210 X 107® 1.85 1.00 0.716 x 1073
100 101.33 957.9 0.5978 2257 4217 2029 0.679 0.0251 0.282x107% 1,227 X107 1.75 1.00 0.750 x 1073
110 143.27 950.6 0.8263 2230 4229 2071 0.682 0.0262 0.255x107° 1.261 x107° 1.58 1.00 0.798 x 1073
120 198.53 943.4 1.121 2203 4244 2120 0.683 0.0275 0.232x107° 1.296 X 107° 1.44 1.00 0.858 x 1073
130 270.1 934.6 1.496 2174 4263 2177 0.684 0.0288 0.213x 107 1.330x10™° 1.33 1.01 0.913 x 1072
140 361.3 921.7 1.965 2145 4286 2244 0683 0.0301 0.197 x107° 1.365 x 107° 1.24 1.02 0.970 x 1073
150 475.8 916.6 2.546 2114 4311 2314 0.682 0.0316 0.183 x107® 1.399 x 107° 1.16 1.02 1.025 x 1073
160 617.8 907.4 3.256 2083 4340 2420 0.680 0.0331 0.170x107° 1.434 x 107® 1.09 1.05 1.145 x 1073
170 791.7 897.7 4,119 2050 4370 2490 0.677 0.0347 0.160x107% 1,468 x 1075 1.03 1.05 1.178 x 1073
180 1002.1 887.3 5.153 2015 4410 2590 0.673 0.0364 0.150x107° 1.502 x 107 0.983 1.07 1.210 x 1073
190 1254.4 876.4 6.388 1979 4460 2710 0.669 0.0382 0.142 x 107 1.537 x 107 0.947 1.09 1.280 x 1073
200 1553.8 864.3 7.852 1941 4500 2840 0.663 0.0401 0.134 x 107 1.571 x 107° 0.210 1.11 1.350 x 10723
220 2318 840.3 11.60 1859 4610 3110 0.650 0.0442 0.122 x 10— 1.641 x 10~ 0.865 1.156 1.520 x 1072
240 3344 813.7 16.73 1767 4760 3520 0.632 0.0487 0.111 x10° 1.712 x 107® 0.836 1.24 1.720 x 1073
260 4688 783.7 23.69 1663 4970 4070 0.609 0.0540 0.102 x107® 1.788 x 10°* 0.832 1.35 2.000 x 1073
280 6412 750.8 33.15 1544 5280 4835 0,581 0.0605 0.094 %1072 1,870 x 1075 0.854 1.49 2,380 x 1073
300 8581 713.8 46.15 1405 5750 5980 0.548 0.0695 0.086 x 1072 1.965 x 1075 0.902 1.69 2.950 x 1073
320 11274 667.1 64.57 1239 6540 7900 0.509 0.0836 0.078 x 107 2.084 x 107° 1.00 1.97
340 14586 610.5 92.62 1028 8240 11870 0469 0.110 0.070 x 107 2,255 x 107° 1.23 2.43
360 18651 528.3 144.0 720 14690 25800 0.427 0.178 0.060 x 107 2.571 x 107° 2.06 3.73
374.14 22090 317.0 317.0 0 — — — — 0.043 x 107 4.313 x 107°

Not 1: Kinematik viskozite v ve 11l difuzivite « v=w/pve a= Lc = v/Pr geklindeki tanimlarindan hesaplanabilir. 0.01°C, 100°C ve 374.14°C
‘0

sicakliklar sirasiyla, suyun Ggli nokta, kaynama noktasi ve kritik nokta sicakliklaridir. Yukarida verilen ézellikler (buhar yogunlugu harig)

kritik nokta degerine yakin sicakliklar diginda her basingta, ihmal edilebilir bir hatayla kullanilabilir.

Not 2: Ozgiil 1s1 icin kJ/kg - °C birimi, kd/kg - K'e ve isil iletim katsayist igin W/m - °C birimi de W/m - K’e esdegerdir.

Kaynak: Cengel YA, Cimbala JM, “Akiskanlar Mekanigi Temelleri ve Uygulamalan”, Ceviri Editorii: T. Engin,
Gliven Bilimsel, 2008.



OZELIK TABLOSU-03

Sivilarin 6zellikleri

Hacimsel
Ozgil Isi Iletim Isil Dinamik Kinematik Prandtl Genlesme
Sicaklik Yogunluk Isi c,, Katsayisi Diflizivite Viskozite Viskozite Sayisi Katsayisi
T,°C p, kg/m®  Jkg - K k, W/m - K a, mé/s u, kg/m - s v, m?/s Pr B, 1/K
Metan (CH,)

-160 420.2 3492 0.1863 1.270 x 1077 1.133 x 107* 2.699 x 1077 2.126 0.00352

-150 405.0 3580 0.1703 1.174 x 1077 9.169 x 107® 2.264 x 1077 1.927 0.00391

-140 388.8 3700 0.1550 1.077 x 1077 7.551 x 1075 1.942 x 1077 1.803 0.00444

-130 371.1 3875 0.1402 9.749 x 1078 6.288 x 1075  1.694 x 1077 1.738 0.00520

-120 351.4 4146 0.1258 8.634 x 1078 5.257 x 1075 1.496 x 1077 1.732 0.00637

-110 328.8 4611 0.1115 7.356 x 1078 4.377 x 107° 1.331 x 1077 1.810 0.00841

-100 301.0 5578 0.0967 5.761 x 1078 3.677 x 107 1.188 x 1077 2.063 0.01282
-90 261.7 8902 0.0797 3.423 x 1078 2.761 x 1075 1.055 x 1077 3.082 0.02922

Metanol [CH 5(OH)]
20 788.4 2515 0.1987 1.002 x 1077 5.857 x 107* 7.429 x 1077 7.414 0.00118
30 779.1 2577 0.1980 9.862 x 1078 5.088 x 107*  6.531 x 1077 6.622 0.00120
40 769.6 2644 0.1972 9.690 x 1078 4.460 x 107* 5,795 x 1077 5.980 0.00123
50 760.1 2718 0.1965 9.509 x 1078 3.942 x 107 5.185 x 1077 5.453 0.00127
60 750.4 2798 0.1957 9.320 x 1078 3.510 x 10™*  4.677 x 1077 5.018 0.00132
70 740.4 2885 0.1950 9.128 x 1078 3.146 x 107* 4,250 x 1077 4.655 0.00137

{zobiitan (R600a)

-100 683.8 1881 0.1383 1.075 x 1077 9.305 x 10™*  1.360 x 107¢ 12.65 0.00142
-75 659.3 1970 0.1357 1.044 x 1077 5.624 x 107%* 8,531 x 1077 8.167 0.00150
-50 634.3 2069 0.1283 9.773 x 1078 3.769 x 107* 5,942 x 1077 6.079 0.00161
-25 608.2 2180 0.1181 8.906 x 1078 2.688 x 10™*  4.420 x 10~/ 4.963 0.00177

0 580.6 2306 0.1068 7.974 x 1078 1,993 x 107 3.432 x 1077 4,304 0.00199
25 550.7 2455 0.0956 7.069 x 1078 1.510 x 1074 2,743 x 1077 3.880 0.00232
50 517.3 2640 0.0851 6.233 X 1078 1.155 x 107° 2.233 x 1077 3.682 0.00286
75 478.5 2896 0.0757 5.460 x 1078 8.785 x 10 1.836 x 107/ 3.363 0.00385

100 429.6 3361 0.0669 4,634 x 1078 6.483 x 1075 1,609 x 10 7 3.256 0.00628
Gliserin

0 1276 2262 0.2820 9.773 x 1078 10.49 8.219 x 1073 84101

5 1273 2288 0.2835 9.732 x 1078 6.730 5.287 x 1073 54327
10 1270 2320 0.2846 9.662 X 1078 4.241 3.339 x 1073 34561
15 1267 2354 0.2856 9.576 x 1078 2.496 1.970 x 103 20570
20 1264 2386 0.2860 9.484 x 1078 1.519 1.201 x 1073 12671
25 1261 2416 0.2860 9.388 x 1078 0.9934 7.878 x 107* 8392
30 1258 2447 0.2860 9.291 X 1078 0.6582 5.232 x 107* 5631
35 1255 2478 0.2860 9.195 x 1078 0.4347 3.464 x 1074 3767
40 1252 2513 0.2863 9.101 x 1078 0.3073 2.455 x 1074 2697

Motor Yagi (kullaniimamis)

0 899.0 1797 0.1469 9.097 x 1078 3.814 4,242 x 1073 46636 0.00070
20 888.1 1881 0.1450 8.680 x 1078 0.8374 9.429 x 107 10863 0.00070
40 876.0 1964 0.1444 8.391 x 1078 0.2177 2.485 x 107 2962 0.00070
60 863.9 2048 0.1404 7.934 x 1078 0.07399 8.565 x 10°° 1080 0.00070
80 852.0 2132 0.1380 7.599 x 1078 0.03232 3.794 x 107° 499.3 0.00070

100 840.0 2220 0.1367 7.330 x 1078 0.01718 2.046 x 1075 279.1 0.00070
120 828.9 2308 0.1347 7.042 x 1078 0.01029 1.241 x 10°° 176.3 0.00070
140 816.8 2395 0.1330 6.798 x 1078 0.006558 8.029 x 1078 118.1 0.00070
150 810.3 2441 0.1327 6.708 x 1078 0.005344 6.595 x 107© 98.31 0.00070

Kaynak: Cengel YA, Cimbala JM, ‘Akiskanlar Mekanigi Temelleri ve Uygulamalari”, Ceviri Editéri: T. Engin,
Gliven Bilimsel, 2008.



OZELIK TABLOSU-04

Sivi metallerin 6zellikleri

Hacimsel
Ozgiil Isi [letim Isil Dinamik Kinematik Prandtl Genlesme
Sicaklik  Yogunluk Istcp, Katsayisi Diflzivite Viskozite Viskozite sayisl Katsayisi
T,°C p, kg/m3 Jkg - K k, W/m - K a, mé/s 1, kg/m - s v, mé/s Pr B, 1/K
Civa (Hg) Ergime Noktasi: —-39°C
0 13595 140.4 8.18200 4,287 x 1078 1.687 x 1073 1.241 x 1077 0.0289 1.810 x 1074
25 13534 139.4 8.51533 4.514 x 1076 1.534 x 1073 1.133 x 1077/ 0.0251 1.810 x 1074
50 13473 138.6 8.83632 4.734 x 1078 1.423 x 1073 1.056 x 1077 0.0223 1.810 x 1074
75 13412 137.8 9.15632 4,956 x 1076 1.316 x 1073 9.819x 1078  0.0198 1.810 x 1074
100 13351 137.1 9.46706 5.170 x 1076 1.245 x 1073 9.326 x 1078  0.0180 1.810 x 107*
150 13231 136.1 10.07780 5.595 x 107 1.126 x 1073 8,514 x 1078  0.0152 1.810 x 1074
200 13112 135.5 10.65465 5.996 x 10-° 1.043 x 1073  7.959 x 10°8  0.0133 1.815 x 1074
250 12993 135.3 11.18150 6.363 x 107° 9.820 x 107* 7.558 x 10°8  0.0119 1.829 x 1074
300 12873 135.3 11.68150 6.705 x 1076 9.336 x 107* 7.252 x 1078  0.0108 1.854 x 1074
Bizmut (Bi) Ergime Noktasi: 271°C
350 9969 146.0 16.28 1.118 x 10°° 1.540 x 1073 1.545 x 1077 0.01381
400 9908 148.2 16.10 1.096 x 107° 1.422 x 1073 1.436 x 1077 0.01310
500 9785 152.8 15.74 1.052 x 107° 1.188 x 1073 1.215 x 1077/ 0.01154
600 9663 157.3 15.60 1.026 x 10°° 1.013 x 1073 1.048 x 1077 0.01022
700 9540 161.8 15.60 1.010 x 10°% 8,736 x 10°* 9.157 x 10"  0.00906
Kursun (Pb) Ergime Noktasi: 327°C
400 10506 158 15.97 9.623 % 10°© 2.277 x 1073 2.167 x 1077 0.02252
450 10449 156 15.74 9.649 x 10°° 2.065 x 1073 1.976 x 1077 0.02048
500 10390 155 15.54 9.651 x 10°° 1.884 x 1073 1.814 x 1077 0.01879
550 10329 155 15.39 9,610 % 106 1.758 x 1073 1.702 x 1077 0.01771
600 10267 155 15.23 9.568 X 10°° 1.632 x 1073 1.589 x 1077 0.01661
650 10206 155 15.07 9,526 x 107° 1.505 x 1073 1.475 x 1077 0.01549
700 10145 155 14,91 9.483 X 1078 1.379 x 1073 1.360 x 1077 0.01434
Sodyum (Na) Ergime Noktasi: 98°C
100 927.3 1378 85.84 6.718 x 107° 6.892 x 10°*  7.432 x 1077 0.01106
200 902.5 1349 80.84 6.639 x 1075 5.385 x 107  5.967 x 1077 0.008987
300 877.8 1320 75.84 6.544 x 107° 3.878 x 107  4.418 x 1077 0.006751
400 853.0 1296 71.20 6.437 % 10°° 2.720 X 107%  3.188 x 107/ 0.004953
500 828.5 1284 67.41 6.335 X 10°° 2411 x 10°* 2,909 x 1077 0.004593
600 804.0 1272 63.63 6.220 X 107° 2.101 x 107%  2.614 x 1077 0.004202
Potasyum (K) Ergime Noktasi: 64°C
200 795.2 790.8 43.99 6.995 x 10°° 3.350 x 107%  4.213 x 1077 0.006023
300 771.6 772.8 42.01 7.045 x 107 2.667 x 107*  3.456 x 1077 0.004906
400 748.0 754.8 40.03 7.090 x 107% 1.984 x 107%  2.652 x 1077 0.00374
500 723.9 750.0 37.81 6.964 x 10°° 1.668 x 1074  2.304 x 1077 0.003309
600 699.6 750.0 35.50 6.765 x 10°° 1.487 x 107 2,126 x 1077 0.003143
Sodyum-Potasyum (%22Na-% 78K) Ergime Noktasi: -11°C
100 847.3 944.4 25.64 3.205 x 107° 5707 x 107*  6.736 x 1077 0.02102
200 823.2 922.5 26.27 3.459 % 10°% 4,587 x 107% 5.572 x 1077 0.01611
300 799.1 900.6 26.89 3.736 X 107%  3.467 x 107*  4.339 x 1077 0.01161
400 775.0 879.0 27.50 4,037 x 1075 2.357 x 107%  3.041 x 1077 0.00753
500 751.5 880.1 27.89 4,217 x 107° 2,108 x 107*  2.805 % 1077 0.00665
600 728.0 881.2 28.28 4,408 x 1075 1.859 x 10-%  2.553 x 1077/ 0.00579

Kaynak: Cengel YA, Cimbala JM, “Akiskanlar Mekanigi Temelleri ve Uygulamalari”, Ceviri Editérii: T. Engin,
Gliven Bilimsel, 2008.



OZELIK TABLOSU-05

1 atm basingtaki havanin 6zellikleri

Ozgil Isi iletim Isil Dinamik Kinematik Prandtl
Sicaklik  Yogunluk Isic, Katsayisi Difuzivite Viskozite Viskozite sayisi
T, °C p, kg/m3 Jkg - K k, W/m - K a, m3/s w, kg/m-s v, mé/s Pr

-150 2.866 983 0.01171 4,158 x 10°© 8.636 x 107° 3.013 x 10°© 0.7246
-100 2.038 966 0.01582 8.036 x 107° 1.189 x 107% 5.837 x 107% 0.7263
-50 1.582 999 0.01979 1.252 x 1075 1.474 x 10753 9.319 x 1076 0.7440
-40 1.514 1002 0.02057 1.356 x 1075 1.527 % 1075 1.008 x 108 0.7436
-30 1.451 1004 0.02134 1.465 x 1075 1.579 % 1075 1.087 x 1078 0.7425
-20 1.394 1005 0.02211 1.578 x 1075 1.630 x 1075 1.169 x 1075 0.7408
-10 1.341 1006 0.02288 1.696 x 10°° 1.680 x 1075 1.252 x 1075 0.7387
0 1.292 1006 0.02364 1.818 x 1075 1.729 x 1075 1.338 x 1073 0.7362
5 1.269 1006 0.02401 1.880 x 1075 1.754 x 1075 1.382 x 1075 0.7350
10 1.246 1006 0.02439 1.944 x 1075 1.778 x 10°° 1.426 x 1078 0.7336
15 1.225 1007 0.02476 2.009 x 1078 1.802 x 1073 1.470 x 1075 0.7323
20 1.204 1007 0.02514 2.074 x 1075 1.825 x 1075 1.516 x 1075 0.7309
25 1.184 1007 0.02551 2,141 x 1073 1.849 x 1075 1.562 x 1075 0.7296
30 1.164 1007 0.02588 2.208 x 1075 1.872 x 1075 1.608 x 1075 0.7282
35 1.145 1007 0.02625 2.277 x 107° 1.895 x 107% 1.655 x 1075 0.7268
40 1.127 1007 0.02662 2.346 x 1075 1.918 x 1078 1.702 x 10°% 0.7255
45 1.109 1007 0.02699 2.416 x 10°° 1.941 x 10°® 1.750 x 1075 0.7241
50 1.092 1007 0.02735 2.487 x 107° 1.963 x 10°® 1.798 x 1075 0.7228
60 1.059 1007 0.02808 2.632 x 107° 2.008 x 10°% 1.896 x 10°5 0.7202
70 1.028 1007 0.02881 2.780 x 107° 2.052 x 10°® 1.995 x 105 0.7177
80 0.9994 1008 0.02953 2,931 x 1075 2.096 x 1075 2.097 x 10°° 0.7154
a0 0.9718 1008 0.03024 3.086 x 107° 2.139 x 10°° 2.201 x 1075 0.7132
100 0.9458 1009 0.03095 3.243 x 107° 2.181 x 10°% 2.306 x 1075 0.7111
120 0.8977 1011 0.03235 3.5665 x 107° 2.264 x 107% 2.522 x 1075 0.7073
140 0.8542 1013 0.03374 3.898 x 107° 2.345 x 107® 2.745 x 1075 0.7041
160 0.8148 1016 0.03511 4,241 x 10°° 2.420 x 107° 2.975 x 1075 0.7014
180 0.7788 1019 0.03646 4,593 x 10°° 2.504 x 107% 3.212 x 10°° 0.6992
200 0.7459 1023 0.03779 4,954 x 10°° 2.577 x 107% 3.455 x 1075 0.6974
250 0.6746 1033 0.04104 5.890 x 10°° 2.760 x 107% 4.091 x 10°% 0.6946
300 0.6158 1044 0.04418 6.871 x 107° 2.934 < 107® 4,765 x 10°° 0.6935
350 0.5664 1056 0.04721 7.892 x 1075 3.101 x 1078 5.475 x 107% 0.6937
400 0.5243 1069 0.05015 8.951 x 107% 3.261 x 107% 6.219 x 1075 0.6948
450 0.4880 1081 0.05298 1.004 x 1074 3.415 x 107% 6.997 x 1075 0.6965
500 0.4565 1093 0.05572 1.117 x 107% 3.563 x 107° 7.806 x 10°% 0.6986
600 0.4042 1115 0.06093 1.352 x 107% 3.846 x 107° 9.515 x 10°® 0.7037
700 0.3627 1135 0.06581 1.5698 x 1074 4,111 x 10°° 1.133 x 1074 0.7092
800 0.3289 1153 0.07037 1.855 x 1074 4.362 x 10°° 1.326 x 1074 0.7149
900 0.3008 1169 0.07465 2.122 x 1074 4.600 x 10°° 1.529 x 1074 0.7206
1000 0.2772 1184 0.07868 2.398 x 107 4.826 x 10°° 1.741 x 1074 0.7260
1500 0.1990 1234 0.09599 3.908 x 104 5.817 % 1075 2.922 x 1074 0.7478
2000 0.1553 1264 0.11113 5.664 x 1074 6.630 x 1073 4,270 x 1074 0.7539

Not: ideal gazlar icin Cp k, p ve Pr basingtan bagimsizdir. 1 atm'den farkh P (atm) basinglarindaki p, v ve « 6zellikleri; verilen sicakliktaki p degerleri
P ile garpilarak, v ve « degerleri ise P ile bélinerek hesaplanabilir.

Kaynak: Cengel YA, Cimbala JM, “Akiskanlar Mekanigi Temelleri ve Uygulamalan”, Ceviri Editérii: T. Engin,
Gliven Bilimsel, 2008.



OZELiK TABLOSU-06

1 atm basingtaki gazlarin 6zellikleri

Ozgul Isi iletim Isil Dinamik Kinematik Prandt!
Sicaklik  Yogunluk Isic, Katsayisi Difuzivite Viskozite Viskozite saylsi
T,°C p, kg/m3 Jkg - K k, W/m - K a, mé/s u, kg/m - s v, m¥s Pr
Karbon Dioksit, CO ,
-50 2.4035 746 0.01051 5.860 X 107 1.129 X 10°° 4.699 % 1076 0.8019
0 1.9635 811 0.01456 9.141 X 10°® 1.375 X 107° 7.003 x 10°® 0.7661
50 1.6597 866.6 0.01858 1.291 X 10°° 1.612 X 10 ® 9.714 x 10 ¢ 0.7520
100 1.4373 914.8 0.02257 1.716 X 107® 1.841 X 1073 1.281 x 107° 0.7464
150 1.2675 957.4 0.02652 2.186 % 107° 2.063 X 10° 1.627 X 107> 0.7445
200 1.1336 995.2 0.03044 2.698 X 10°° 2.276 X 10°° 2.008 X 107° 0.7442
300 0.9358 1060 0.03814 3.847 X 10°® 2.682 X 10°° 2.866 X 107° 0.7450
400 0.7968 1112 0.04565 5.151 X 107° 3.061 X 1072 3.842 X 107> 0.7458
500 0.6937 1156 0.05293 6.600 X 107° 3.416 X 107° 4.924 X 107° 0.7460
1000 0.4213 1292 0.08491 1.560 x 1074 4.898 X 10°° 1.162 x 1074 0.7455
1500 0.3025 1356 0.10688 2.606 X 1074 6.106 X 107° 2.019 x 107* 0.7745
2000 0.2359 1387 0.11522 3.521 X 10~* 7.322 X 10°° 3.103 X 107 0.8815
Karbon Monoksit, CO
-50 1.5297 1081 0.01901 1.149 X 107° 1.378 X 107° 9.012 X 10°% 0.7840
0 1.2497 1048 0.02278 1.739 X 10°° 1.629 X 10°° 1.303 X 10°° 0.7499
50 1.0563 1039 0.02641 2.407 X 10 5 1.863 X 10 ° 1.764 X 10 0.7328
100 0.9148 1041 0.02992 3.142 X 107° 2.080 X 107° 2.274 X 107° 0.7239
150 0.8067 1049 0.03330 3.936 X 10°° 2.283 X 10°° 2.830 X 107® 0.7191
200 0.7214 1060 0.03656 4.782 X 107° 2.472 X107° 3.426 X 107° 0.7164
300 0.5956 1085 0.04277 6.619 X 107° 2.812 X107° 4,722 X 107° 0.7134
400 0.5071 1111 0.04860 8.628 X 107° 3.111 X 107® 6.136 X 1073 0.7111
500 0.4415 1135 0.05412 1.079 X 1074 3.379 X10°® 7.653 X 107° 0.7087
1000 0.2681 1226 0.07894 2.401 x 1074 4,557 X 10°° 1.700 x 1074 0.7080
1500 0.1925 1279 0.10458 4.246 X 107 6.321 X 107° 3.284 X 1074 0.7733
2000 0.1502 1309 0.13833 7.034 X 1074 9.826 X 10°° 6.543 X 1074 0.9302
Metan, CH,
-50 0.8761 2243 0.02367 1.204 X 107°® 8.564 X 10°® 9.774 x 107® 0.8116
0 0.7158 2217 0.03042 1.917 X 10=° 1.028 X 107> 1.436 X 107> 0.7494
50 0.6050 2302 0.03766 2.704 x 10 ° 1.191 X 10 ® 1.969 X 10 5 0.7282
100 0.5240 2443 0.04534 3.543 X 10°® 1.345 X 10°° 2.6567 X 107° 0.7247
150 0.4620 2611 0.05344 4.431 x107° 1.491 X 10°° 3.227 X 107° 0.7284
200 0.4132 2791 0.06194 5.370 X 107° 1.630 X 10°° 3.944 X 10°° 0.7344
300 0.3411 3158 0.07996 7.422 X 10°° 1.886 x10°° 5.629 X 107° 0.7450
400 0.2904 3510 0.09918 9.727 % 107° 2.119 X 1073 7.297 X 1073 0.7501
500 0.2529 3836 0.11933 1.230 x 10* 2.334 X 10°° 9.228 x 10°° 0.7502
1000 0.1536 5042 0.22562 2.914 X 1074 3.281 X 107® 2.136 X 1074 0.7331
1500 0.1103 5701 0.31857 5.068 x 1074 4.434 X 107° 4.022 X 1074 0.7936
2000 0.0860 6001 0.36750 7.120 x 1074 6.360 X 10°° 7.395 x 1074 1.0386
Hidrojen, H,

-50 0.11010 12635 0.1404 1.009 x 10~* 7.293 X 10°° 6.624 X 107> 0.6562
0 0.08995 13920 0.1652 1.319 X 10~* 8.391 X 10 9.329 x 10-° 0.7071
50 0.07603 14349 0.1881 1.724 x 10 * 9.427 X 10 ® 1.240 x 10 ¢ 0.7191
100 0.06584 14473 0.2095 2.199 x 1074 1.041 X 107> 1.582 x 107* 0.7196
150 0.05806 14492 0.2296 2.729 x 1074 1.136 X 10~° 1.957 X 107% 0.7174
200 0.05193 14482 0.2486 3.306 X 1074 1.228 % 10°° 2.365 x 1074 0.7155
300 0.04287 14481 0.2843 4.580 X 10°* 1.403 X 10°° 3.274 x 107* 0.7149
400 0.03650 14540 0.3180 5.992 x 1074 1.570 X 107° 4.302 X 1074 0.7179
500 0.03178 14653 0.3509 7.535 x 10~* 1.730 % 10°° 5.443 x 1074 0.7224
1000 0.01930 15577 0.5206 1.732 X103 2.455 X 10°° 1.272 x 1073 0.7345
1500 0.01386 16553 0.6581 2.869 x 1073 3.099 X 107° 2.237 x 1073 0.7795
2000 0.01081 17400 0.5480 2.914 % 10-3 3.690 X 102 3.414 x 10-3 1.1717




OZELIK TABLOSU-06

1 atm basingtaki gazlarin 6zellikleri (Devarm)

Ozgil Isi iletim Isil Dinamik Kinematik Prandtl
Sicaklik  Yogunluk Ist ¢, Katsayis Diftizivite Viskozite Viskozite sayIsi
T,°C p, kg/m3 Jkg - K k, W/m - K a, mé/s w, kg/m - s v, m¥s Pr
Azot, N»
50 1.56299 957.3 0.02001 1.366 X 107° 1.390 x 107° 9.091 x 10°° 0.6655
0 1.2498 1035 0.02384 1.843 x 10°° 1.640 x 107° 1.312 X 10°® 0.7121
50 1.0564 1042 0.02746 2.494 x 10 ° 1.874 x 10 ° 1.774 X 10 ° 0.7114
100 0.9149 1041 0.03090 3.244 X 107° 2.094 x 107° 2.289 X 10°° 0.7056
150 0.8068 1043 0.03416 4.058 % 10°° 2.300 X 107° 2.851 X 10°° 0.7025
200 0.7215 1050 0.03727 4,921 x 1075 2.494 x 107° 3.457 X 10°° 0.7025
300 0.5956 1070 0.04309 6.758 X 107° 2.849 x 107° 4,783 X 107° 0.7078
400 0.5072 1095 0.04848 8.727 X 107° 3.166 X 107° 6.242 X 107° 0.7153
500 0.4416 1120 0.05358 1.083 x 10~ 3.451 x 107° 7.816 x 10°° 0.7215
1000 0.2681 1213 0.07938 2.440 x 1074 4,594 x 107° 1.713 x 107* 0.7022
1500 0.1925 1266 0.11793 4.839 X 1074 5.562 X 107° 2.889 x 1074 0.5969
2000 0.1502 1297 0.18590 9.643 x 10 6.426 x 107° 4.278 X 107 0.4483
Oksijen, O,
-50 1.7475 984.4 0.02067 1.201 X 107° 1.616 X 107° 9.246 X 107° 0.7694
0 1.4277 928.7 0.02472 1.865 X 107° 1.916 x 107° 1.342 X 10°° 0.7198
50 1.2068 921.7 0.02867 2.577 X 10 5 2.194 X110 ° 1.818 X 10 * 0.7053
100 1.0451 931.8 0.03254 3.342 X 1075 2.451 X 107° 2.346 X 107° 0.7019
150 0.9216 947.6 0.03637 4,164 X 1075 2,694 X 10°% 2,923 X 10°% 0.7019
200 0.8242 964.7 0.04014 5.048 X 1075 2.923 X 107° 3.546 X 1075 0.7025
300 0.6804 997.1 0.04751 7.003 X 10°° 3.350 X 10°° 4,923 X 10°° 0.7030
400 0.5793 1025 0.05463 9.204 X 1075 3.744 X 107°° 6.463 X 10°° 0.7023
500 0.5044 1048 0.06148 1.163 X 1074 4,114 X 107° 8.156 X 107° 0.7010
1000 0.3063 1121 0.09198 2.678 X 1074 5732 X 107° 1.871 X 107* 0.6986
1500 0.2199 1165 0.11901 4,643 X 1074 7.133 X 10°° 3.243 X 10°° 0.6985
2000 0.1716 1201 0.14705 7.139 x 1074 8.417 X 107° 4,907 < 1074 0.6873
Su Buhari, H,0

-50 0.9839 1892 0.01353 7.271 x 1078 7.187 x 107% 7.305 x 1076 1.0047
0 0.8038 1874 0.01673 1.110 X 10°° 8.956 X 107° 1.114 x 10°® 1.0033
50 0.6794 1874 0.02032 1.596 x 10 ° 1.078 X 10 ® 1.687 x 10 ® 0.9944
100 0.5884 1887 0.02429 2.187 x 107° 1.265 x 1075 2.1560 X 107° 0.9830
150 0.5189 1908 0.02861 2.890 x 107° 1.456 x 107> 2.806 X 10°° 0.9712
200 0.4640 1935 0.03326 3.705 X 10°° 1.650 X 107° 3.556 X 107°° 0.9599
300 0.3831 1997 0.04345 5.680 x 107° 2.045 x 107° 5.340 X 10°° 0.9401
400 0.3262 2066 0.05467 8.114 x 107° 2.446 X 107° 7.498 x 107° 0.9240
500 0.2840 2137 0.06677 1.100 X 107% 2.847 X 107° 1.002 x 1074 0.9108
1000 0.1725 2471 0.13623 3.196 x 107 4,762 % 107° 2,761 x 1074 0.8639
1500 0.1238 2736 0.21301 6.288 x 1074 6.411 x 107° 5,177 X 107# 0.8233
2000 0.0966 2928 0.29183 1.032 x 1073 7.808 X 107° 8.084 x 1074 0.7833

Not: ideal gazlar icin ¢, k, u ve Pr basingtan bagimsizdir. 1 atm’den farkli P (atm) basinglarindaki p, v ve « dzellikleri; verilen sicakliktaki
p degerleri Pile carpilarak, v ve « degerleri ise P ile bélinerek hesaplanabilir.

Kaynak: Cengel YA, Cimbala JM, “Akiskanlar Mekanigi Temelleri ve Uygulamalari”, Ceviri Editérii: T. Engin,
Gliven Bilimsel, 2008.



OZELIK TABLOSU-07

Yiksek irtifalarda atmosferin 6zellikleri

Yercekimi Ses Isi lletim
Yukseklik, Sicaklk, Basing, ivmesi Hizi, Yogunluk, Viskozite Katsayisi,
m °C kPa g, m/s? m/s kg/m3 w, kg/m - s W/m - K

0 15.00 101.33 9.807 340.3 1.225 1.789 x 1075 0.0253

200 13.70 98.95 9.806 3395 1.202 1.783 x 1075 0.0252
400 12.40 96.61 9.805 338.8 1.179 1.777 x 10°° 0.02562
600 11.10 94.32 9.805 338.0 1.156 1.771 x 10°% 0.0251
800 9.80 92.08 9.804 337.2 1.134 1.764 x 107° 0.0250
1000 8.50 89.88 9.804 336.4 1.112 1.758 x 107°% 0.0249
1200 7.20 87.72 9.803 335.7 1.090 1.752 x 1075 0.0248
1400 5.90 85.60 9.802 334.9 1.069 1.745 x 1075 0.0247
1600 4.60 83.53 9.802 334.1 1.048 1.739 x 10°° 0.0245
1800 3.30 81.49 9.801 333.3 1.027 1.732 x 107° 0.0244
2000 2.00 79.50 9.800 332.5 1.007 1.726 x 10°° 0.0243
2200 0.70 77.55 9.800 331.7 0.987 1.720 x 1079 0.0242
2400 -0.59 75.63 9.799 331.0 0.967 1.713 x 10°° 0.0241
2600 -1.89 73.76 9.799 330.2 0.947 1.707 x 10-% 0.0240
2800 -3.19 71.92 9.798 329.4 0.928 1.700 % 1075 0.0239
3000 -4.49 70.12 9.797 328.6 0.909 1.694 x 1075 0.0238
3200 -5.79 68.36 9.797 327.8 0.891 1.687 x 1075 0.0237
3400 -7.09 66.63 9.796 327.0 0.872 1.681 x 1075 0.0236
3600 -8.39 64.94 9.796 326.2 0.854 1.674 x 10°° 0.0235
3800 -9.69 63.28 9.795 325.4 0.837 1.668 x 1079 0.0234
4000 -10.98 61.66 9.794 324.6 0.819 1.661 % 10°° 0.0233
4200 -12.3 60.07 9.794 323.8 0.802 1.655 x 1079 0.0232
4400 -13.6 58.52 9.793 323.0 0.785 1.648 % 107° 0.0231
4600 -14.9 57.00 9.793 322.2 0.769 1.642 % 10°° 0.0230
4800 -16.2 55.51 9.792 321.4 0.752 1.635 x 1075 0.0229
5000 -17.5 54.05 9.791 320.5 0.736 1.628 x 1075 0.0228
5200 -18.8 52.62 9.791 319.7 0.721 1.622 x 1075 0.0227
5400 -20.1 51.23 9.790 318.9 0.705 1.615 x 10°° 0.0226
5600 -21.4 49.86 9.789 318.1 0.690 1.608 x 1075 0.0224
5800 -22.7 48.52 9.785 317.3 0.675 1.602 % 107° 0.0223
6000 -24.0 47.22 9.788 316.5 0.660 1.595 x 1079 0.0222
6200 -25.3 45,94 9.788 315.6 0.646 1.588 x 1079 0.0221
6400 -26.6 44.69 9.787 314.8 0.631 1.582 % 10°° 0.0220
6600 -27.9 43.47 9.786 314.0 0.617 1.575 % 107% 0.0219
6800 -29.2 42.27 9.785 313.1 0.604 1.568 x 1075 0.0218
7000 -30.5 41.11 9.785 312.3 0.590 1.561 x 1075 0.0217
8000 -36.9 35.65 9.782 308.1 0.526 1.527 x 1075 0.0212
9000 -43.4 30.80 9.779 303.8 0.467 1.493 x 1075 0.0206
10000 -49.9 26.50 9.776 299.5 0.414 1.458 x 10°° 0.0201
12000 -56.5 19.40 9.770 295.1 0.312 1.422 x 1075 0.0195
14000 -56.5 14.17 9.764 295.1 0.228 1.422 % 107° 0.0195
16000 -56.5 10.53 9.758 295.1 0.166 1.422 x 1075 0.0195
18000 -56.5 7.57 9.751 295.1 0.122 1.422 x 10°° 0.0195

Kaynak: Cengel YA, Cimbala JM, “Akiskanlar Mekanigi Temelleri ve Uygulamalari”, Ceviri Editérii: T. Engin,
Giliven Bilimsel, 2008.
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