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554 APPENDIX

A. TABLES

Table A.1 Common engineering conversion factors

Length

1ft=12in.=0.3048 m, 1 yard = 3 ft

1 mi = 5280 ft = 1609.344 m

1 nautical mile (nmi) = 6076 ft

Mass

1slug = 32.1741b = 14.594 kg

1 1b = 0.4536 kg = 7000 grains

Acceleration and Area

1 ft/s? = 0.3048 m/s”

1 ft* = 0.092903 m?

Mass Flow and Mass Flux

1slug/s = 14.594 kg/s, 1 Ib/s =
0.4536 kg/s

1 kg/m?>-s = 0.2046 Ib/f®-s =
0.00636 slug/ft*-s

Pressure

1 Ibg/ft> = 47.88 Pa, | torr = | mm Hg

1 psi = 144 psf, 1 bar = 10° Pa

i atm = 2116.2 psf = 14.696 psi =
101,325 Pa = 299 in Hg =
33.9 ft H,0

Power

1 hp = 550 (ft-1bs)/s = 745.7 W

1 (ft-1bg)/s = 1.3558 W

1 Watt = 3.4123 Btu/h = 0.00134 hp

Specific Weight

1 Ibg/ft> = 157.09 N/m®

Viscosity

1 slug/(ft-s) = 47.88 kg/(m-s) =
478.8 poise (p)

lp=1g/(cm-s)=0.1 kg/(m-s)=
0.002088 slug/(ft-s)

Temperature Scale Readings

°F = (9/5)°C + 32

°C=(5/9)(CF — 32)

°R = °F + 459.69

K="°C+273.16

‘R=(1.8)K

Specific Heat or Gas Constant*

1 (ft-1bg)/(slug-°R) = 0.16723 (N-m)/
(kg-K)

1 Btu/(Ib-°R) = 4186.8 J/(kg-K)

Volume

11> =0.028317 m® = 7.481 gal, 1 bbl = 42 U.S. gal
1 U.S. gal = 231 in® = 3.7853 L = 4 qt = 0.833 Imp. gal
1L =0.001 m® = 0.035315 ft> = 0.2642 U.S. gal
Density

1 slug/fe’ = 515.38 kg/m>, 1 g/cm® = 1000 kg/m*

1 1b/ft® = 16.0185 kg/m’, 1 Ib/in® = 27.68 g/cm’
Velocity

1 ft/s = 0.3048 m/s, 1 knot = 1 nmi/h = 1.6878 ft/s
1 mi/h = 1.4666666 ft/s (fps) = 0.44704 m/s
Volume Flow

1 gal/min = 0.002228 f*/s = 0.06309 L/s

1 million gal/day = 1.5472 ft*/s = 0.04381 m?/s
Force and Surface Tension

I Ibs = 4.448222 N = 16 0z, | dyne = | g-cm/s2 =10"°N

1 kgs = 2.2046 Ib; = 9.80665 N

1 U.S. (short) ton = 2000 Ibs, 1 N = 0.2248 lb¢

1 N/m = 0.0685 lbg/ft

Energy and Specific Energy

1 ft-1by = 1.35582 J, 1 hp-h = 2544.5 Btu

1 Btu = 252 cal = 1055.056 J = 778.17 ft-1bs

1 cal = 4.1855 J, 1 ft-Ibg/Ib,, = 2.9890 J /kg

Heat Flux

1 W/m? = 0.3171 Bu/(h-ft)

Kinematic Viscosity

1 f2/h = 2.506x 107> m%/s, 1 ft?/s = 0.092903 m?/s
1 stoke (st) = 1 cm?/s = 0.0001 m?/s = 0.001076 ft*/s
Thermal Conductivity*

1 cal/(s-cm-°C) = 242 Btu/(h-ft-°R)

1 Btu/(h-ft-°R) = 1.7307 W/(m-K)

*Note that the intervals in absolute (Kelvin) and °C are equal. Also, 1°R = 1°F.

Latent heat: 1J/kg = 4.2995 x 10™* Bru/Ib = 10.76 Ib; - ft/slug = 0.3345 Ib; - ft/Ib, 1 Btu/Ib = 2325.9

J/kg.

Heat transfer coefficient: | Btu/(h-ft2~°F) =5.6782 W/ (m?-°C).

Heat generation rate: | W/m> = 0.09665 Btu/(h-ft’).

Heat transfer per unit length: 1 W/m = 1.0403 Btu/(h-ft).

Mass transfer coefficient: 1 m/s = 11.811 ft/h, 11bmol/(h-ft?) = 0.0013562 kgmol/(s-m?).
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560 APPENDIX

Table A.6 Dimensions of heat exchanger tubes

Tube Surface Area,

Inside Per Foot of Length, ft
Tube B.W.G. Thickness, Diameter Flow
OD, in Gauge in (ID), in Area, in? External Internal
% 22 0.028 0.194 0.0295 0.0655 0.0508
‘% 24 0.022 0.206 0.0333 0.0655 0.0539
% 18 0.049 0.402 0.1269 0.1309 0.1052
% 20 0.035 0.430 0.1452 0.1309 0.1126
% 22 0.028 0.444 0.1548 0.1309 0.1162
% 10 0.134 0.482 0.1825 0.1963 0.1262
% 14 0.083 0.584 0.2679 0.1963 0.1529
% 16 0.065 0.620 0.3019 0.1963 0.1623
% 18 0.049 0.652 0.3339 0.1963 0.1707
1 8 0.165 0.670 0.3526 0.2618 0.1754
1 14 0.083 0.834 0.5463 0.2618 0.2183
1 16 0.065 0.870 0.5945 0.2618 0.2278
1 18 0.049 0.902 0.6390 0.2618 0.2361
1 % 8 0.165 0.920 0.6648 0.3272 0.2409
1 % 14 0.083 1.084 0.9229 0.3272 0.2838
1 % 16 0.065 1.120 0.9852 0.3272 0.2932
1 % 18 0.049 1.152 1.042 0.3272 0.3016
2 11 0.120 1.760 2433 0.5236 0.4608
2 12 0.109 1.782 2.494 0.5236 0.4665
2 13 0.095 1.810 2.573 0.5236 0.4739
2 14 0.083 1.834 2.642 0.5236 0.4801

(1 in. = 25.4 mm; 1 in.2 = 645.16 mm?; 1 ft = 0.3048 m; 1 ft* = 0.0929 m?).
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APPENDIX 569

Table A.10 Properties of water (saturated liquid)

Heat Thermal
Capacity  Density Conductivity Prandtl  gBp’c,

Temp. Temp. ¢, kI/ P, Viscosity k, Number uk

°F °C kg’ K  kg/m®> u,kg/m's W/m-°C Pr 1/m*.°C
32 0 4225 999.8 1.79 x 1073 0.566 13.25 191 x 10°
40 444 4208 9998 155x 107  0.575 1135 191 x 10°
50 10 4.195 9992 131 x1073 0.585 940 634 x 10°
60 1556  4.186 9986 1.12x 1073 0.595 7.88 1.08 x 10'°
70 21.11 4.179 9974 98 x107* 0.604 6.78 1.46 x 10'°
80 2667 4179 9958 86 x107? 0.614 585 191 x 10'°
90 3222 4174 9949 7.65x 107° 0.623 5.12 2.48 x 10'°
100 3778 4174 993.0 6.82 x 1074 0.630 453 33 x 10"
110 4333  4.174 990.6 6.16 x 107* 0.637 404 4.19 x 10'°
120 4889  4.174 088.8 562 x107%  0.644 3.64 4.89 x 10'°
130 5444 4179 9857 5.13x107*  0.649 330 5.66 x 10"
140 60 4.179 9833 471 x107*  0.654 3.01 6.48 x 10"
150 65.55  4.183 9803 43 x107% 0659 273 7.62 x 10"
160 71.11 4.186 9773 401 x 1074 0.665 253 8.84 x 10'°
170 76.67  4.191 9737 372x107*  0.668 233 9.85 x 10"
180 8222  4.195 9702 347 x 107* 0.673 2.16 1.09 x 10"
190 8778  4.199 966.7 327 x107*  0.675 2.03

200 9333  4.204 9632 3.06x10™*  0.678 1.90

220 104.4 4216 955.1 267 x107*  0.684 1.66

240 115.6 4.229 9467 244 x107%  0.685 1.51

260 126.7 4.250 9372 2.19x107*  0.685 1.36

280 137.8 4271 9281 198 x107*  0.685 1.24

300 148.9 4.296 9180 186x 107*  0.684 1.17

350 176.7 4371 8004 157 x107* 0677 1.02

400 204.4 4.467 8594 136x107*  0.655 1.00

450 2322 4.585 8257 120x107*  0.646 0.85

500 260 4.731 7852 107 x107*  0.616 0.83

550 287.7 5.024 7355 951 x 1077
600 315.6 5.703 678.7 8.68 x 107°

Note: Gr,Pr = Rayleigh number, Ra, = (‘%) L3AT.
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