Appendix A

Table A.1 Dimensions, SI Units, and conversion factors to c.g.s for Common Cruant ities

Quantity Dvime ns ons S1 C.E.5

Length L 1'm 102 cm

Area L2 1 m? 104 cm?

Volume L? 1 m* 10% cm?

Mass M kg 10% g

Density ML 1 kg m— 10— g cm—>

Time T 1 5 {or min, b, etc.) s

Velocity LT! 1 ms~! 10% cm 5~

Acceleration LT 1 ms2 107 cm 52

Fore ML T 1 kg ms~ 2 = 1 N{Newton) 10° g em s~ 2 = 107 dynes
Pressure ML1T? lkgm= ' s=2 =1 Nm—2(Pascal) 10 gem—! 52 = 102 mbar
Work, energy M L2 T2 lkgm—= 572 =1 I{Joule) 107 g em=2 52 = 107 erpgs
Power ML2T? 1 kg m? 5= = 1 W(Watt) 107 g em=2 5= = 107 ergs s~/
Dynamic visc ity MLt 1! 1 M5 m2 10 dyres s cm—2 = 10 Poise
Kinematic viscosity L2l 1m—2s5-1 10¢ cm—2 57! = 107 Stokes
Temperaturea 1°Cior 1 K) 1°C o 1K)

Heat energy HiorMLIT2) 11 0.2388 cal

Heat or radiation flux HT! 1w 0.2388 cal 5~

Heat flux density HL2T! 1'W m? 2,388 % 1077 cal cm—2 5!
L atent heat H ! 17 kg~! 2,388 % 1074 cal g1
Specific heat HM @] 17kt K1 2388 w 1074 cal g~ ! K1
Themal conductivity HL1@ T ! 1wm—! -1 2,388 % 1077 cal em~! 5= K1
Thermal diffusivity (and other diffusion coefficients) L2 T-! 1 m?s! 104 cm? 51




Table A.2 Properties of Alr, Water Vapor and CO3 (treated as constant between —35 *C and

45 2C)
Alr Water vapor Carbon dioxide
Specific heat Jdg~t K 1.01 1.88 0.85
Prandt]l number Pr=({wk) 0.71 — —
pri67 0.70 - -
pro-33 (.89 - -
pr23 0.02 - -
Schmidt numbeyr ac =(wD) — 0.63 1.04
gol67 - 0.74 1.02
golh33 - 0.86 1.01
glh23 - 0.80 1.01
Lewis number Le = (&,/D) - 0.80 1.48
Laf&7 _ 0.03 1.32
el - 0,06 1.14

La0.25 - 0.97 1.11




Table A.3 Properties of Air, Water Vapor, and CO+9 (changing by less than 1% per K)

Temperature Densities of air Virtual Laient Psychrometer Thermal Molecular diffusion
temperature heat of constant conductivity coefficlents of alr
of alr vaporization of air
of water
Symbol T Oy g (T Ty A ¥ k K 1# D, D,
Unit°C K kg m—? °C Jg ! Pa K-! mWm—! K1 10~% m? 5~ 1
-3 268.2 1.3l6 1.314 —4.57 2513 64.3 24.0 18.3 129 20,5 124
0 2732 1.292 1.286 (.64 2501 64.6 243 18.9 133 212 129
3 278.2 1.269 1.265 5.0 2480 64.9 246 19.5 13.7 220 133
10 283.2 1.246 1.240 11.32 2477 65.2 250 20.2 14.2 227 138
15 288.2 1.225 1.217 16.87 2465 63.5 253 20.8 14.6 234 142
20 208.2 1.204 1194 22.62 2452 63.8 257 21.5 15.1 242 147
25 208.2 1.183 1.169 28.62 2442 66.2 26.0 222 155 249 151
A a2 1.164 1.145 34.07 2430 66.5 264 22.8 16.0 257 156
35 3m.2 1.146 1.121 41.73 2418 66.8 26.7 235 16.4 26.4  16.0
40 ) e 1.128 1.096 49.03 2406 67.1 270 242 16.9 27.2 1635
45 318.2 1.110 1.068 57.02 2304 67.5 274 249 17.4 280  17.0

Pa density of dry air
Pus (T density of air ssturated with waber vapor st termperature T2C
Ty virtual empersture of sstursted air
& latent heat of vaporization of water
¥ -:prkr—‘piycl:l:\:-mah:r constant”

k thermal conductivity of doy air
g thermal diffusivity of dry air
1 kinemstic viscosity of dry air

I diffusion cosfficient of COy insir



Table A4 Quantities changing by more than 1% per K. er(T) Satoration Vapor P
Temperature T (*C). A Change of Saturation Vapor Pressure per K, ie. deg /aT
Radiation at Temperature T (K}, 4073 Change of Full Radiation per K. Note that the
A and 45 T3 can be used as mean differances to interpolate between the tabulatad va
and o T# respectively

T es(T) A(T) oT? doT’
°C) (K) kPa PaK-! Wm—? W m
-5 268.2 D.421 32 203.4 44
4 2602 0.455 34 207.8 44
_3 270.2 0,490 37 02,2 4.5
-2 2712 0.528 30 306.7 4.5
-1 2722 0.568 42 3113 4.6
0 2732 0.611 45 315.0 46
1 2742 0.657 48 320.5 47
2 2752 0.705 sl 3252 4.7
3 276.2 0.758 54 330.0 4.8
4 2772 0.813 57 134.8 48
5 2782 0.872 6l 130.6 40
6 2702 0,035 65 344.5 5.0
7 280.2 1.001 60 340.5 5.0
8 2812 1072 73 354.5 5.l
o 2822 1.147 78 150.6 5.1
10 2832 1.227 B3 364.7 52
11 2842 1312 B8 360.9 52
12 2852 1.402 93 375.1 5.3
13 286.2 1.407 o8 380.4 5.3
14 2872 1.508 104 185.8 54
15 2882 1.704 110 30012 54
16 2802 1.817 117 306.6 5.5
17 2002 1.037 123 402.1 5.6
18 201.2 2,063 130 407.7 5.6
19 2022 2,106 137 413.3 5.7
20 2032 2,337 145 419.0 5.7
21 2642 2,486 153 424.8 5.8
22 2052 2,643 162 430.6 5.8
23 206.2 2,800 170 436.4 5.0
24 2972 2,083 179 447 .4 6.0
25 2082 3,167 189 4483 6.0
26 2002 1,361 190 454.4 6.1
27 300.2 1,565 210 460.5 62
28 3012 1,780 221 466.7 6.2
29 3022 4,006 232 472.9 6.3
30 3032 4243 244 470.2 6.3
3l 3042 4,403 257 485.5 64
32 305.2 4,755 260 4020 6.5
33 306.2 5.031 283 4084 6.5

34 072 5.320 297 505.0 6.6

Table A4 (Continued)

es(T) A(T) oT! 4o T’
(°C) (K) kPa Pa K1 Wm—? Wm—2K-!
35 308.2 5.624 312 S1L6 6.7
36 300.2 5.042 327 S18.3 6.7
37 310.2 6.276 343 525.0 6.8
38 3Lz 6.262 357 S3LE 6.9
30 312.2 6.003 376 538.7 6.0
40 3132 7.378 304 5456 7.0
41 314.2 7.780 413 5526 7.1
42 3152 8.202 432 550.7 7.1
43 316.2 8.642 452 566.8 7.2
44 317.2 0.103 473 574.0 73
45 3182 0.586 404 SEL3 73




Table AS MNusselt Numbers for Air Table A.5 (Continued)

(a) Forced Convectlon {b) Free Convection
Shape Case Range of Re M Shape and relative Range
temperature Laminar flow Turbulent fow MNu
(1) Flat plates :
Streamline flow <210t 0.60 Re-3 (1) Horizontal fiat plates or
- Turbulent flow > 23 104 0.032 ReDB cylinders 02
A Gr = 1P 0.50 Gr™
1k —_—
=
T Gr > 10° 0.13 Gr"¥
- AT £ f
U Arrangementnot  0.23 Gr25
Vg f conductive to
- g f.-"') Gold ;. turbulence

4 0,80 R w 10* < Gr < 10° 0.48 G"&
4 — 40 0.82 Rel ¥ "m' ! G 10% 0,00 o33
Marrow range of o .62 pet? | = - r
Revolds 40 —4 % 1 X .
m"m 4% 107 — 43 104 0.17 Rel
45 104 — 45 107 0.024 Ra81 {2) Vertical flat plates 10% = Gr < 107 0.58 Gr23
or or cylinders 10° < Gr < 1012 011 G2
Wide range of 10—t — 108 0.32 4+ 0.51 Re0-32 o[ t
Reynolds 10° —5 > 104 0.24 Re"-80 at |} pet]
mmbers cokd ol
1 ! 1
0 — 300 2 4054 Re"5
0.6
50 — 1.5 x 10° 034 Re (3) Spheres a5 = 230 2 +0.54 Gr025
t
= P \
Noter J @'
(i) Arrows show direction of airfiow | o I.i
(id} d is chamcteristic dimension; ke width of a long crosswind strat &= shown or mean side for a rectangle whose width M, /.-'
and length are comparabile T
{iii) T find correspemding Sherwood numbers mulkiply Mo by Le® 3 (5ee valoes in Tuble A.1) 14

{iv) Sources—Bde (1967), Fishenden and Sannders (1950, Bird, Stewart and Lightfoot (1960)

Noter

{i) Arrenws indicate direction of air circulation

(i) d is characteristic dimensions for calculation of Gr: take beight for vertical plate and average chord for horizontal plate
{idi}) T find corresponding Shermocd numberns, mulbipty Mu by Le™ 23 for laminar Aow o turbulent fow see values in Table
AL

{iv) Sources—FEde {1967), Fishenden and Saunders (1950, Bird, Stewart and Lightfoot (1960)



Table A5 Musseli Mumbers for Ajlr

(a) Forced Convection

Shape Case Range of Re Mu
(1) Flat platzs
Streamline Aow <2 x 104 0.60 ReP3
- d Turbulent flow =2 %10t 0.032 Ra08
- g
1—4 0.50 Rel33
Narrow of 4 _ 40 0.52 pat-¥
R range 40 — 4 % 10° 0.62 Ral47
eynolds &
mmbers 45 107 — 43 104 0.17 Re?
4 5 10% — 4 3 107 0.024 RalE1
or
Wide range of 10— —10° 032 +0.5]1 Re032
Reynolds 10° — 5 > 104 0.24 Re280
mmbers
0 — 300 2 4+ 054 Re™?
50— 1.5 % 10° 0.34 pe?6

Noter

(i) Arrows show direction of irflow

(id}) d is chamoteristic dimension; take width of a long crosswind stnat s shown or mean side for a eotangle whoss width

and length are comparahle

(i) Tor find corresponding Sherwood numbers multiply Mu by Lel 3 (5o values in Tabls A.1)
{iv) Sources—Ede {1967), Fishenden and Sannders (1950, Bird, Stewart and Lightfoot { 1960)



Table A.5 (Continued)

{b) Free Convection
Shape and relative Range
temperature Laminar flow Turbulent fow MNu
(1) Horizontal fat plates or
cylindars
AN Gr < 10° 0.50 Gr23
1k '“‘ﬁ,_._-
=
== Gr = 107 0.13 Gt
AT
il K o :') Arrangement not 0.23 Gro23
o conductive to
{’J ol turbulence
w 10* = Gr < 10° 0.48 Gr*%
(=t
kY Gr = 10° 0.00 Gr-33
{2) Vertical flat plates 10% = Gr < 107 0.58 Gr23
or cylinders 10° < Gr < 1012 011 G2
v (s 1
Hat Hat|
or u ar ja
cokd =
1
1] 1
{3) Spheres Gr?35 = 220 2 40.54 G323
t

Notes
{1} Arrows indicate direction of air circulation

(ii) d is characteristic dimensions for calculation of G ke beight for vertical plate and sverage chord for horizontal plate
{iii}) To find cormesponding Shermocd numbers, multiphy Mo by Le™ 23 for laminar Aow or turbulent ow see values in Table

Al

{iv) Sources—Ede {1967}, Fishenden and Saunders (1950, Bird, Stewart and Lightfaot (1960)



Tuhle A6 Characteristic quantities for paricle transfer in air*: D Diffusion coefficient
[m lj,r Relaxation time (jLs): MB Mean displacement in 15 in a given direction
E(Dr,-“:r}':' jip,mj, Axg Distance fallen in 1 s under gravity (jp.m)

Radius r (pm) D10~ m? s~ 1) T (10~%5) Axy (Lm) Ax (Lm)
1.0 % 102 1.28 3 107 1.33 3 10— 1.28 % 107 1.31 3 102
5.0% 1077 5.24 3 10! 6.76 3 10~ .58 » 10° 6.63 3 1072
1.0 % 1072 1.35 3 10! 1.40 x 1072 1.31 = 10° 1.37 x 1071
5.0 1072 6.82 3 1071 8.81 x 1072 2.05 » 10! 8.64 % 107!
0.1 2.21 » 10~1 0.23 1.68 w« 10! 2.24

0.5 2.7 w 102 3.54 5.00 3.47 = 10!
1.0 1.3 3 102 1.31 s 10! 4.02 1.28 s 102
5.0 2.4 % 103 3.08 3 107 1.74 3.0 % 10°
10.0 1.4 3 103 1.23 = 107 1.23 1.2 = 104

*From Fuchs {1964), calculated at 23 ° C, standard atmospheric pressure; particle density 1 gom=—-.
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