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Table A Insulating Materials and System

Description / Typical Properties at 300 K
Comp‘osition Density, 0 Thermal Specific Heat, C,
- | - (kg/m) Conductivity (kg.K)
Blanket and Batt |
Glass fiber,paper faced 16 0.046 -
28 0.038 -
40 0,035 -
g Glass fiber,coated; duct line 32 0.038 835
Board and Siab
Cellular glass 145 0.058 1000
Glass fiber, organic bonded 105 0.036 795
Polystyrene,expended
Extruded (R-12) 55 0.027 1210
Molded beads 16 0.040 1210
Mineral fiberboard;roofing 265 0.049 -
materail
- Wood, shredded/cemented 350 0.087 1590
Cork 120 0.039 1800
Loose Filt
Cork, granulated 160 0.045 -
Diatomaceous silica, 350 0.069 -
Coarse powder 400 0.091 -
Diatomaceous silica, 200 0.052 -
fine powder 275 0.061 -
Glass fiber,poured or blown 16 0.043 835
Vermiculite, flakes 80 0.068 835
160 0.063 1000



Table B Thermophysical Properties of Selected Metallic Selids

Compaosition Melting Properties at 300 K Properties at Various
Point Temperatures (K)
S x) k(W/m.K) / C (J/kg.K)
,,,,, P G K X 100 200 400 60
S " e k) Wi @) |
Aluminum
Pure 933 2702 903 237 97.1 302 237 240 231
482 798 949 1033
Alloy 2024-T6 775 2770 875 177 73.0 65 163 186 186
¢ 473 787 925 1042
Alloy 195,Cast 2750 883 168 68.21 174 185
Carbon steel
Piain carbon 7854 434 60.5 7.7 56.7 48.0
(Mn < 1%, 487 559
Si £0.1%)
AISI 1010 7832 434 63.9 8.8 387 488
Carbon-silicon 7817 446 519 14.9 487 559
49.8 440
Carbon-Silicon- 501 582
< Manganese 8131 434 4.0 116 02 307
487 559
Stain steels
AISI 302 8055 480 15.1 3.91 173 20.0
512 559
AIST 304 1670 7900 477 14.9 395 92 126 166 198
272 402 515 557
AISI 316 8238 468 13.4 3.48 152 183
504 550
AISI 347 7978 480 14.2 3.71 158 189
513 559



Table C Thermophysical Properties of Gases at Atmespheric Perssure
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T P C, JL10 V10 k.10’ 10
®  kgm)  keK) Neym) @s)  (WmK) (@) Pr
S — I
100 3.5562 1.032 71.1 2.00 9.34 2.54 0.768
150 23364 1.012 103.4 4.423 13.8 5.84 0.758
200 1.7458 1.007 132.5 7.590 18.1 103 0.737
250 1.3947 1.006 159.6 11.44 223 159 0.720
300 1.1614 1.007 184.6 15.89 263 2.5 0.707
350 0.995 1.009 208.2 20.92 30.0 299 0.700
400 0.8711 1.014 230.1 26.41 33.8 8.3 0.690
450 0.7740 1.021 250.7 32.39 373 47.2 0.686
500 0.6964 1.030 270.1 38.79 40.7 56.7 0.684
550 0.6329 1.040 288.4 4557 439 66.7 0.683
600 0.5804 1.051 305.8 52.69 46.9 76.9 0.685
650 0.5356 1.063 322.5 60.21 49.7 87.3 0.690
700 0.4975 1.075 338.8 68.10 52.4 98.0 0.695
750 0.4643 1.087 354.6 76.37 54.9 109 0.702
800 0.4354 1.099 369.8 84.93 57.3 120 0.709
Carben Dioxide (CO,)

280 1.9022 0.830 140 7.36 15.20 9.63 0.765
300 1.7730 0.851 149 8.40 16.55 1.0 0.766
320 1.6609 0.872 156 9.39 18.05 12.5 0.754
340 1.5618 0.891 165 10.6 19.70 142 0.746
360 1.4743 0.908 173 11.7 21.2 15.8 0.741
380 1.3961 0.926 181 13.0 22,75 17.6 0.737
400 13257 0.942 190 14.3 243 19.5 0.737
450 1.1782 0.981 210 17.8 283 245 0.728
500 1.0594 1.02 231 21.8 32.5 30.12 0.725
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T p C, JL10 40 k.10’
®  kegm)  GIkgK) Neom)  @s)  (WmK)

Carbon Diexide (CO,) (continued)

550 0.9625 1.05 251 26.1 36.6
600 0.8862 1.08 270 30.6 40.7
650 0.3134 1.10 288 354 445
700 0.7564 1.13 305 40.3 48.1
750 0.7057 1.15 321 45.5 517
800 0.6614 117 337 51.0 55.1
Carbon Monoxide (CO)
200 1.6888 1.045 127 7.52 17.6G
220 1.5341 1.044 123 8.93 19.0
240 1.4055 1.043 147 10.5 20.6
260 1.2967 1.043 157 12.1 22.1
280 1.2038 1.042 166 3.8 236
300 1.1233 1.043 175 15.6 25.0
32¢ 1.0529 1.043 148 17.5 26.3
340 0.9909 1.044 193 19.5 27.8
360 0.9357 1.045 202 21.6 29.1
380 0.8364 1.047 210 23.7 30.5
400 0.8421 1.049 218 259 31.8
450 {.7483 1.055 237 17 35.0
500 0.67352 1.065 254 377 38.1
550 0.61226 1.076 271 44.3 41.1
600 0.56126 1.088 286 510 44.0
650 0.51806 1.101 301 58.1 47.0
700 0.48102 1.114 315 65.5 50.0
750 0.44899 1.127 329 73.3 52.8
800 0.42095 1.140 343 81.5 55.5

6

12411

(mzls)

42.7
49.7
56.3
63.7
71.2

9.63
i1.9
14.1
16.3
18.8

213
239
26.9
29.8
329

36.0
44.3
53.1
62.4
72.1

82.4
93.3
104
116

Pr

0.717
0.712
0.717
0.714
0.716

0.781
0.753
0.744
0.741
0.733

0.730
0.730
0.725
0.725
0.729

0.719
0.714
0.710
0.710
0.707

0.705
0.702
0.702
0.725
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T p C J7Aty V10 k.10’ a.10 Pr

B

®  Ggm)  kIkegK) (Nem)  @s)  (WmK)  (m's)
Oxygen (O,)
100 3.945 0.962 76.4 1.94 9.25 2.44 0.796
e AS0ee 2585 001 . 1148 .. . 444 . JAR . 580 _ 0766
200 1.930 0.915 147.5 7.64 18.3 10.4 0.737
250 1.542 0.915 178.6 11.58 22.6 16.0 0.723
300 1.284 0.920 207.2 16.14 26.8 22.7 0.711
350 1.100 0.929 2335 21.23 29.6 29.0 0.733
400 0.9620 0.942 258.2 26.84 33.0 36.4 0.737
450 0.8554 0.956 281.4 32.90 36.3 4.4 0.741
500 0.7698 0.972 303.3 39.40 412 . 551 0.716
550 0.6998 0.988 3240 46.30 4.1 63.8 0.726
600 0.6414 1.003 343.7 53.59 413 735 0.729
700 0.5498 1.031 380.8 69.26 52.8 93.1 0.744
800 0.4810 1.054 4152 86.32 589 116 0.743
900 0.4275 1.074 4472 104.6 64.9 141 0.740
1000 0.3848 1090 477.0 124.0 710 169 0.733
Water Vapor (Steam)

380 0.5863 2.060 127.1 21.68 24.6 20.4 1.06
400 0.5542 2.014 134.4 24.25 26.1 23.4 1.04
450 0.4902 1.980 152.5 3111 29.9 30.8 1.01
500 0.4405 1.985 170.4 38.68 33.9 388 0.998
550 0.4005 1.997 188.4 47.04 37.9 474 0.993
600 0.3652 2.026 206.7 56.60 22 510 0.993
650 0.3380 2.056 2247 66.48 46.4 66.8 0.996
700 0.3140 2.085 242.6 77.26 50.5 77.1 1.00
750 0.2931 2.119 260.4 $8.84 54.9 88.4 1.00
800 0.2739 2.152 278.6 101.7 59.2 100 1.01
850 0.2579 2.186 296.9 115.1 63.7 113 1.02
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Substance Formula Molecular Temp Pressure  Volume
Weight X MPa  m/kmel
— Ammonia-— e NH.o... 17034055 . . 128 00724

Argon Ar 39,984 151 4.86 0.0749
Bromine Br, 159.808 584 10.34 0.1355
Carbon Dioxide CoO, 44,01 304.2 7.39 0.0943
Carbon Monoxide Cco 28.011 133 3.50 0.0930
Chlorine Cl, 70.906 417 7.71 0.1242
Deuterium(normal) D, 4.00 38.4 1.66 -

Helium He 4.003 5.3 0.23 0.0578
Helium’ He 3.00 3.3 0.12 -

Hydrogen(normal) H, 2.016 333 1.30 0.0649
Krypton Kr 83.80 209.4 5.50 0.0942
Neon Ne 20.183 4.5 2.73 0.0417
Nitrogen N, 28.013 126.2 3.39 0.0899
Nitrous Oxide N,O 44013 309.7 7.27 0.0961
Oxygen 0, 31.999 154.8 5.08 0.0780
Sulfur Dioxide SO, 64.063 430.7 7.88 0.1217
Water H,O 18.015 647.3 22.09 0.0568
Xenon Xe 131.30 289.8 5.88 0.1186
Benzene CH, 78.115 562 4.92 0.2603
n-Butane CH, 58.124 4252 3.80 0.2547
Carbon Tetrachloride CCL, 153.82 556.4 4.56 0.2759
Chloroform CHCl, 119.38 536.6 547 0.2403
Dichlorodifluoromethane CCLF, 120.91 384.7 4.01 0.2179
Dichlorofluoromethane CHCLF 102.92 451.7 5.17 0.1973
Ethane C,H, 30.070 305.5 4.88 0.1480
Ethy! Alcohol C,H,0H 46.07 516 6.38 0.1673
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ANITINgA (continued)
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Ethylene CH, 28.054 282.4 5.12 0.1242
n-Hexane CH,, 86.178 507.9 3.03 0.3677
- Methane CH, 16.043 191.1 4.64 0.0993
. Myl __ CHOH 0@ S132 795 Ol
Methyl Choride CCHCl  s04s8 463 668 ol
Propane C,H, 44.097 370 4.26 0.1998
Propene C,H, 42.081 365 4.62 0.1810
Propyne C,H, 40.065 401 5.35 -
& Trichloroflucromethane CCLF 137.37 471.2 4.38 0.2478



Conversion Factor
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Acceleration 1 m/s’ — 4.2520X10" fuh’
— Area 1m’ = 15500 in’
— S = 107648
Density 1 kg/m’ = 0.06243 Ib_/ft
Energy 13 (0.2390 cal) =9.4787X 10" Btu
Force IN =().22481 b,
Heat transfer rate 1w =3.4132 Btu/h
2 Heat flux 1 W/m’ = 0.3171 Bawh.ft’
Heat generation rate 1 W/m’ = 0.09665Btwh.f’
Heat transfer coefficient 1 Wim'.K =0.17612 Btwh.ft’.F
Latent heat 1)/kg = 42995X 10" Brw/lb_
Length I m =39.370in
= 32808 ft
1km = 0.62137 mile
Mass 1kg =2.2046 Ib_
Mass density 1 kg/m’ =0.062428 Ib /&Y
¢ Mass flow rate 1 kgfs =7936.61b_/h
Mass transfer coefficient 1m/s = 1.1811X 10" firh
Power 1kW = 3412 Btw'h
=1.341 hp
Pressure and stress 1 N/m’ = 0.020886 Ib/ft’
= 1.4504X 10 |b/in’
= 4.015X10” in.water
=2953%10" inHg

Specific heat

1.0133X10° N/m’
1X10° N/m’
1 kl/ke K

= | standard atmosphere
=1 bar
=0.2389 Btw/lb, . F



Conversion Factor (continued)

"

Temparature K =(59) R
= (5/9)(F+459.67)
= C+273.15

-

e

Thermal conductivity
Thermat resistance

Viscosity (dynamic)

Volume

Volume flow rate

=(9/5) R =(9/5)F

1 W/m.K =0.57782 Bwh.fi.F
1 K/W = (.52750 F/h.Btu
IN. s/m’ =2419.1 1b_/fth
| = 5.8016X10° b, Wt
1m’ =6.1023%10" i’
=35314 1
= 264.17 gal
1 m'/s =1.2713X10’ f'/h

=2.1189X10° &t /min

= 1.5850X 10" gal/min
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