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APPENDIX OF CALCULATION DATA

Tasre 1. Convension Facroms anp Consrants

Energy and power: _

Btu = 0.252 kg-cal

Btu = 0.203 watt-hr

Btu = 0,555 pcu (pound centigrade unit)
i = Btu = 778 ft-lb
I S Btu/min = 0.236 hp
! i Hp = 42.4 Btu/min .
4 = Hp = 33,000 ft-Ib/niin
e Hp -= 0.7457 kw 3
Hp-hr = 2543 Btu
Kw =.1.3415 hp
Watt-hr = 3.415 Btu

Fluid flow:

Bbl/hr = 0.0936 cfm
Bbl/hr = 0.700 gpm i
Bbl/day = 0.0202 gpm
Bbl/day = 0.0039 ofm =
Cfm = 10.686 bbl/hr
s i "Gpm = 1,429 bbl/hr
; ' Gpm = 34.3 bbl/day
Gpm X s (specific gravity) = 500 X s lb/hr
Heal-transfer coefficients:
Btu/(hr) (ft)){°F) = 1.0 pcu/(hr)(ft?)(°C)

Btu/(hr)({t*) (°F) = 4.88 kg-cal/(hr)(m?)(°C)
Bti1/(hr) (ft%) (°F) = 0.00204 wptts/(in.”) (°F)
Length, area, and volume:
Bbl = 42 gal
Bbl = 5.615 {t?
Cm = 0.3937 in.
Ft? = 0.1781 bbl
Fi? =,7.48 gal
Ft? =:0,0283 m?
M? =,6.200bbl.
M? = 35.314 ft*
Ft = 30,48 cm
/ Ft = 0.3048 m
Gal = 0.02381 bbl
Gal = 0,1337 ft?
Gal = 3.785 liter
Gal = 0.8327 gal (Imperial)
wr : In, = 2.64om
Liter = 0.2642 gal
Liter = 1.0567 qt
M = 3281 ft
Ft? = 0.0020 m?
M?® = 10.76 ftt
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PROCESS HEAT TRANSFER
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APPENDIX OF CALCULATION DATA

Pressure: TaisLe 2. Tueemar CoNpucTiviTizs oF SoME BUILDING AND INSULATING ' g
) MATERIALS® 3
Atm = 33.93 ft of water at 60°F #
Atm = 29.92 in. Hg at 32°F i u l :
Atm = 760 mm Hg at 32°F ; ' Apparent H
Atm .= 14.696 psi : ; density [
Atm = 2116.8 1b/it? Material = ¥ . , Ib/it? °F k .
Atm = 1,033 kg/cm? ‘ at room ;
Ft of water at 60°F = 0.4331 pai temperature 4
In. of water at 60°F = 0.0361 pai e ; R : £
Kg. Jem? = 14.223 pai Aerogel, silica, opacified. ..............0... 8.6 g;i gg;z .:
- o ¥, b
b e 1 Bt Asbestos-cement bOATdS. . .............oouonns 120 68 |- 0.43 g
Temperature: AsbestoB gheets.......cooviiaiiiiiiiiiian 55.5 124 0.096 e
d . Asbestos slate. .. .. Ly I e 112 32 0.087 E
Tomperptura 10/= 3(F — 32) 12 40 | 0.114 £
Temperature °F = %(°C + 32) ABbomtoR, o viv it enies vanhes st aes 20.3 —328 0.043 i
Temperature °F absolute (°R) = °F <4 460 ) 20.3 30 0.090 B
Temperature °C absolute (°K) = °C + 273 ; 36 32 0.087 2
kermal: chitictivetos ¥ " 36 212 0.111
The il K 36 302 | 0.120 :
Btu/(hr) (ft*) (°F/ft) = 12 Btu/(br)(ft*) (°F /in.) 36 752 0.129 .
Btu/(hr) (ft*) °F/ft) = 1.49 kg-cal/(br)(m?)(°C/m) 43.5. —328. 0.000 ]
Btu/(hr) (ft3) (°F /ft) = 0.0173 watts/(om?*)(°C/cm) : 13.5 32 0.135 ]
_— sl : Alumi foil, 7 ai ces per 2.5 in. ....... 0.2 100 0.025. f
Viscosity (additional factors are contained in Fig. 13): i o A R R, a8l |~ 0038 i
Poise = 1 g/(cm)(seo) Ashes, wood....... SRR | S 32212 | 0.04! ,
Centipoise = 0.01 poise Asphal.....oe.ceeituiiiininii 132 68 0.43 i
Centipoise = 2.42 Ib/(ft)(hr) Boiler acale (ref. 864)..0 ..ot lvnerrunnnes 3
. Bricks ¢ y i :
Hught; Alumina (02-09% AlL;O; by weight) fused...| ...... sor | 1.8
Lb = 0.4536 kg Alumina (64-65% Al;O3 by weight)........|  ...... 2399 2.7
Lb =.7000 grains (See also Bricks, fire clay) .., oevveeeaianns 115 1472 0.62
gor. E;l:ortl orinet) = 2000 Ib s ckw " ' 115 mg 313
on (long) = 2240 1b ding brickwork.........cooiiiiii b ee e 0.
Ton (metric) = 2205 Ib Chrome brick (32% Cr;0s by weight)...... 200 302 0.67 E
Ton (metric) = 1000 kg 200 ;‘ﬁ ‘:35 i
. 200 ) .0 i
Conastants: Diatomaceous earth, natural, across strata 27.7 300 0.051 i
Acceleration of E:fﬂ.-vit)" = 32.2 ft/sec? . 20 4] 1600, 0.q77 !
Accelerstion of gravity = 4.18 X 10° ft/hr? Distomaceous, natural, parallel to strata| 377 oo ] G
Densit: 3 = 1
br-al sioaindook b water =05 1h/io) Diatomaceous earth, molded and fired..... 38 399 0.14
: 38 1600 0.18
Diatomaceous -earth and clay, molded and
e e e T T 42.3 399 0,14
- 42.3 1600 0.19
Diatomaccous earth, high burn, large
pores ......... DI, YN 37 392 | 0.3 .
ar 1832 0.34
Fs 1
] * i
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PROCESS HEAT TRANSFER

»
TasLE 2. Tuersmar ConpucriviTies or Soms BurLping

MATERIALS. *—(Continued)

AND INBULATING

Apparent
density
Material p, Ib/it? °F
at room
temperature
Bricks: (Continued)
Fire clay, Missouri..,.........oovvevvnnn ool 392 0.58
1112 0.85
1832 0.95
2
. Kaolin insulating briek .................. 27 ggg tl}{llg
27 2 ;
Kaolin insulating firebrick ................ 19 ;,gg g:geso '
] 19 1400 0.113
Maﬂnem.be (85.8% MgO, 5.3‘% FBIO:, 3%
Ca0, 2.6% 8i0; by weight)v............ 168 309 2.2
J 158 1202 1.6
g4l : 168 2192 1.1
Silicon carbide brick, recrystallized . .....,. 129 1112 10.7
129 1472 9.2
129 1832 8.0
129 2192 7.0
129 25562 6.3
Caleium carbonate, natural................, 162 86 1.3
Whitemarble. ....................ooo0l ceens | aas, 1.7
Chslk. . .c.vvvinitos S R T 98 | |edeews 0.4
Calciurn sulphate (4H,0), artificial........... 84.6 104 0.22
Plaster, artificial............0.0.......... 132 167 0.43
BN .o coiss i st se s s v e 77.9 77 0.256
Cambrie, varnished..........coo..oooveenn]  wuaal. 100 0.09
Carbon, gas...... 2 T AR, | SR 32-212 2.0
Cardboard, corrugated........coo. ..ol oaas ] e, 0.037
Ceallulobd . s vovnammsapmanet s i . 87.3 86 0.12
Charconl flales, .. ...ocvvvviiniinemrennnesres 11,9 176 0.043
. 15 176 0.051
Clinkor, BFauulaG. i o smmvie sws s anmmseief  siava -32-1292| 0,27
Coke, petroleum...... PeisrilVysniiiveraal voeae 212 3.4
932 2.9
Coke, powdered. ..........covvniiniinnnnnn. P 32-212 0.11
Congrede;einder,iooivsssisiimemmniaiming  mvvmmn 1 swnoas 0.20
A A I pawssn | it 0.44
T ey N o I (T - 0.54
Cotton Wool. .......oveeenennennnnnenn.n, 5 86 0.024
(6773 1 S . 10 86 | 0.025
Cork, groimd 2ot snrend s s 9.4 86 0.025
Regranulated. ..............c.oc0vvnnnnnn 8.1 B6 0.026
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Tapre 2. Taerman CoNpucriviTiEs oF SoMe BuiLpmng axp InsuraTiNg

- MaTeRIALS, *—(Continued)
Apparent
g density
Material p, 1bJit3 °F k
at roora
temperature
Diatomsaceous earth powder, coarse . ......... 20.0 100 0.036
20.0 1600 0.082
TN - v o e S s 17.2 399 0.040
17.2 1600 0.074
Molded pipe cOVEring .......cioiienevnannns 26.0 399 0,051
26.0 1600 0.088
4 vol. calcined earth and 1 vol. cement,
poured and fired .................0n i 61.8 399 0.16
b . 61.8 1600 0.23
Dalomitee. v svosmsmms s mmasesns e e 167 122 1.0
Ehomite: . iiies ve ot o sl samwase | e 0.10
Enamel, silicate. ......oooviiiiiiiiaaiann 3B |iseouniiy 0.5-0.75'
Felt, wool..oovivvivrosnernnenrenenncassinn 20.6 86 0.03
Fiber insulating board. ........covovenionnns 14.8 70 0.028
Fiber; red. cutnaumanmnssmvenaienmesiemesn 80.5 68 0.27
With binder, baked............cocooiil] aiann 68-207 0.097
Gasecarbon.................. S sl G 32-212 2.0
Gl ;. oo sammnmmmmarrimastvanereess]  swemws | meentle 0.2-0.73
Boro-silicate type............ T 139 86-167 0.63
Soda glass. . ...ovviniinrnrrrnrnieanenaed| o deaeee | oaeeens 0.3-0.44
Window Blass........convvseseranncrnsnal cieien ] eeenn 0.3-0.61
Gt o saissivias s rrsaneaiien] s ] veenes 1 .}}—2.3
Graphite, dense, commercial.................| ... 32 £6.7
Powdered, through 100 mesh.............. 30 104 0.104
Gypsum, molded and dry......coovvennennn 78 68 0.25
Hair, felt, perpendicular to fibers............ 17 86 0.021
3 11 S S S R T i T 57.5 32 1.3
Infusorial earth (see Diatomaceous earth).....
Ripoky s vimanssimsogsss M 0.88 68 0.020
Lampblack......cooveeiiiinionnnnnanneanns 10 104 0.038
G 7, RSP P <= WP T T W e LR ] 0.49
Leather, Bole. . ..vcvvivaricrsnrsccinasastos 62.4 | ...... 0.092
Limestone (15.3 vol % H 0).......ccccvtn i 103 75 0.54
S 7 L S = - Clcrr | ST 86 0.056
Magnesia, powdered..........coveiiiiianinn 49.7 117 0.35
Magnesia, light carbonate................... 19 70 0.04
Magnesium oxide, compressed............ .m0 49,9 68 0.32
Marble,............ e e 1.2-1.




PROCESS HEAT TRANSFER APPENDIX OF CALCULATION DATA
Tasie 2. TeERMAL Conpucrivirizs oF Some Bumbpme axp INsuraTING TasLe 3. Tuemmarn Conpuctiviries, Seeciric Heats, SeeciFic’ GRAVITIES OF
MaTERIALS. *—(Continued) ' METALS AND Avroys ] !
Apparent k = Btu/@n) (") (CF/it) il
dBII.E-lt]r ; higa 3 3 :
Material ] o . Specific heat,t | Specific .
ter :'g l::g‘:l F k Substance Temp, °F . k* Btu /ﬂb)(\:m-;,. o K’?!"’i“}'
tempera - 3 TS
: G peraie Aluminum 32 117 0.183 2.55-7.8
Mfca., par_pend;culsr oplanes..coavsamannl s, 122 .0.25 Aluminum 212 119 0.1824
M.!.l.l BRAVINGS. ... b 0.033-0.05 Aluminum 932 155 0.1872 :
Mineral wool............ooooo 9.4 86 0.0225 Antimony 32 10.6 0.0493 .. b
19.7 86 0.024 Antimony 212 9,7 0.0508 3
L TR U LR SR s I 0.075 Bismuth 64 4.7 0.0204 | 9.8
Paraffin wax. ..o T 32 0.14 Bismuth 212 3.9 0.0304 0y
3 Petroleum coke..,...........ooviiviiiiin| ool 212 3.4 Brass (70-30) 32 56 0.1316% | 8.,4-8.7 3l
AL 1L R 932 | 2.9 Brass 212 | 60 0.14881 - : ;
Porcelain......|...., e I | R 892 0.88 Brass 752 67 0.2015% . F - i
Portland cement (see Concrete)..............| ...... 104 0.17 Copper 32 224 0.1487 . 8,8-8.85 §
Pumice stone...........ooooeeeii il L, 70-151 | 0.14 : Copper 212 218 0.1712 i “
Pyroxylin plastics.".......................| ...... | . ... 0.075 Copper 032 207 0.2634 ?
Rubber, IV e S 74.8 32 0.087 Cadmium 64 53.7 0.0550 8.65 ; .r
13+ o A N B |6 SRRSO | S 70 0.109 Cadmium 212 52.2 0.0567" '
R e | 70 |0.075-0.092 Gold 64 169.0 0.030 19.25-18.35
S e S 94.6 68 0.19 Gold 212 170.8 0.031 i
Sandstone.................o i 140 104 1.06 Iron, cast 32 32 0.1064 7.03-7.13 3
Sawdust. ... 12 70 0.03 Iron, cast 212 30 0.1178 7
T IR T D S ——— Iron, caat 752 25 0.1519, i
e o e N 6.3 0.026 Iron, wrought 64 . 34.6 SeeIron | 7,6-7.9 ' i
Varnished....0....cooovvveeniiinan] i 100 0.096 Iron, wrought 212 27.6 Bee Iron =« | -
Slag, blast furnace......... R s Sy 75-261 | 0.064 Lead 32 20 10,0306 11.34
T R B e 12 86 0.022 Lead 212 19 0.0315' .
Blate.iocoeinnndodnninne e irreieissaisnns]  veiens . 201 0.86 Lead ' 572 18 0.0335
T A 1 I 34.7 32 0.27 Magnesium 32-212 092 0.255 1.74
Sulphur, monoclinic........................| ...... 212 0.09-0.097 Mercury ~ 32: 4.8 0.0320 . " 13.6 i
Rhombie. . ouutenrernniiniiiinerennnenas] e 70 0.16 Nickel 32 36 0.1050 ©f ‘8.9 ;
Wallboard, insulating type.................. 14.8 70 0.028 Nickel 212, |: 34 0.1170 ;
Wallboard, stiff pasteboard.:................ 43 86 0.04 Nickel 572 32 0.1408
Wood shavings............................ 8.8 86 0.034 | Silver 32 242 0.0557 . | 10.4-10.6
Woad, scxomsgrin ' Silver 212 - | 238 0.0571 |
L T T L 7-8 = 86 |0.025-0.03 Steel 32 26 See Iron' 7.83
0 LR - e Lt S 51.5 59 0.12 Steel | 212 26 See.Iron
Maple. ...ooiiiin i 4.7 .o122 0.11 - Steel 1112 o1; See Iron -
Pine, Whithe:deswdiiiisimsssi: Wi 34.0 59 0.087 ' : Tantalum 64 32 0.0342 16.6
T o U i e 00 | 5 | o010 ' Zine : 32 65 - 10.0017 $.9-13
White fiel, . oobb il eeevnereniinivnnesss] 2801 140 0.062 ‘ Zine - ¢ 212 64 0.0058 ..
Wood, parallel to grain ' Zino 752 b4 0.1082
000 s b B A S R s 34.4 70 0.20 : —  Corba
Wool, animal...................... " 6.9 86 | o0.021 ’ T L M, Mttanton Bt Himttonh™ s i e
! o v xiq 4 :
A wchanieal Kot ' w1 w : From E. B\ Kellay, U.8. Bur, Mins Bull. 371 (1938). -
Y;:r:::i.. 8. Marks, En H MoGraw-Hill Book Company, Inc., New :wd‘hhd vl Fis 56 obes and whac; 2 : (-\.
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APPENDIX OF CALCULATION DATA

-

TasLe 5, TuermaL CowpucTiviTiEs OF GAsES AND Varors*

sz

TasLe 4. Tuerman CoNpucriviTIES oF LiqUins*
k = Btu/(hr) (ft?) (°F/it)

- A lin W s k = Btu/(hr)(ft*) ("F /ft)
i o . - . b -
%_ m":: ‘;:;“‘t“’“ with temper.a.t}tm may be assumed. =The extrerne values given The extreme temperature values given constitute the experimental range. For
%-'; constitute also the temperature limits over which the datd ate recotnmended. extrapolation to other temperatures; it is suggested that the data given be plotted as
b iT"'clTu‘olﬂﬂ_"_' ¥ k Tiquid Ly 3 log k ve. log T or that use be made of the assumption that the ratio cu/k is practically
1 cetic a . + » . -
a2 ve g: 099 | Heptyl aleobol (n-}.......00000 | g,ggt independent of temperature (or-of pressure, within moderate limits).
Acstone.......... 8'.!.% Hexyl aloohol {n)................ 86 | 0.003
; . 0,080 ;
AItI:rL:il;::hni ....... . 0.104 Substance °F k Subatance °F k
Weesneiiaraaan 0.29 0.088
Ammonia, squeous 269, . _ . 0.261 0.081 :
Amylacetate..................., l?,g g’gg;{ 0.102
Aoohal {n-).viiisissns e R 483 Acetone. ...... SR 32| 0,0057 | Dishlorodi thERE. o ona & 32| 0.0048
0089 0.124 115( 0.0074 122| 0.0064
oiges D1 212| 0.0090 212| 0.0080
0.100 0.234 363| 0.0147 302| 0.0007
0.092 0.284
0,087 g}}{ Acetylene........ = —103| 0.0088 | Ethane...... s L ey s .| —94| 0.0068
0.0 0089 0.0108 —20| 0.0086
0.085 0.0140 32| 0.0108
86 | 0.097 .00 ‘ 0.0172 212| 0,0175
(iso-) 1% 0.0% 0.125 i Alr oo sassnsas 0.0005 | Ethyl acetata. .. ... RO S— | 118 o.0072
: AR TR 0,001 0.120 0.0140 2124 0.0006
Culcium chloride brine 30%.......| 88/0.32 o8t \ 0.0183 363| 0.0141 .
Carbon disulphide..... .. oreti| 88 | O:od3 ; 0.0226 | Alcohol.........coveevennns - 68| 0.0080
, i 167 | 0.088 0.083 0.0265 212| 0.0124
Tetrachloride..................| 32| 0.107 g.0a1 Ammoniti s csiena 0.0005 | Chloride.............0enn <. 32| 0,0055
i ] R S 68 | 0.104 A 0.0128 212 0,0085
0.080 | gjiyy 9180 ' 0.0157 aca| 0.0135
0.078 g memene .o : 0.0185 413{ 0.0152 .
0.079 | Oleo acid. .. 0.0925 1 Tobbs v e 32| 0.0077
0,085 | Palmitic nal 0835 Bensene........... 4 R AT 0.0052 115/ 0.0080
Dined rmm.'l’:yded.'... 3 | 0068 0.0073 212{ 0.0131
0068 Pl 212 | 0.078 0.0103 363| 0,0189
0048 éntana (n-).......... PR, L 12_1} ggg 0.0152 = 413| 0.0209
0.043 | parohlorosthylens. ........... oo 122 | oloa2 0.0176 | Ethylene.........0ounvununennn —96 0.0064
g s | Potroloum ether., 11111l ... 88 | 0lo7s i Babans: (R i aidod 0.0078 32| 0.0101
0.111 | pronst 167 | 0.073 i 0.0135 | 122 o.o131
0-oog | FrORY! aloohal ().vu.cvnnnend 801 0008 S R . 0.0080 212{ 0.0161
0.101 Aleohol (iso-)...couuvnnnn.., ..| 88| 0,00 0.0139 -
0,105 |.. 140 | 0.090 Carbon dioxide. ..vvevesseeras| 0.0068 | Heptane (n-).....ooveceeennnes 0.0112
0.137 | 85dium 0.0085 0.0103
oo R L T, T ) y ;
. 410 |8 0.0133 | H O e 0,0072
T Sodium chloride brine 26.0%......| 86 | 0.33 <Jj’ oo | = 0.0080
100%. . s 2.6%...... f 2 i
Bamnu....?‘...... Rt o ggg Bmﬂ.nadd.% ﬁg g%,*“ -ol 0,0228 | Hexene........ S | 0.0061
: ‘| 140 | 0’082 | Bulfurio seid 80%. o] “me | 021 Vi Disutpoide. ..., ..., .. 0.0040 | 0:0109
Bromide......................| 68 0lo70 |. g%, weo| 8810.36 ' 0.0042 | Hydrogen............o-uuun. i 1 0,065
R 3'3-,“3 Sultur diozide. . s | 0:128 v Monoxids. ....... 0.0041 0.083
Todide...evvnrnnsrnsann.n... 104 0.064 86 | 0111 9 P 0.00468 git:g
0.063 - : 0.0136 f
Eth 0.088, \ !
G "-rl?n'dw"l“"""""”-“- 32 | 0.153 P u.gﬁt Tetrachloride........ccvuu..s 0.0041 0.129
asoline. ... ..... 86 | 0.078: 0.077 ; 0.0052 ) 0.178
Glyoerl lgg g 68 | 0.164 gm 0.0085 | Hydrogen and carbon dioxide. ..
60%. o |'8:18e 2 | o T . COR. 0.0043] 0% Hrooovnllevenrnnnnnnnns 0.0083
40%.. ; 0.250 0.106 : Chloroform. . ....vvaunss. LR 0.0038 0.0165
10055000 o818 0.330, 0.0048 : 0.0270
P R 0.164 1-0.356 00058 | 60%%....... e e 0,0410
S 4 by ChE - oo | som cio60
] 140 | 0,079 . Cyclohex 0.0005 0,10
Hezane (n-).. .| 86| 0,080 | Xyl ortho-) yelohexane. .. .......co0000nnan % 3
it i o N L ; l !

*] - e
N.'F\?"_uxk- e J. H., “Chemlical Engineers’ Handbook," 3d ed., ‘MuGrlm‘Hll!. Book Company, Ine., j




PROCESS HEAT TRANSFER i

APPENDIX OF CALCULATION DATA
TasLe 5. TEERMAL CONDUCTIVITIES OF GASES AND VAPORS. *—(Continued)

Bubatance ! k Bubstance b k [ .
fh .,
2 —_— = ? =
Nitrie oxide.................. .| —94| 0,0103 T 0.09 ] = u - ‘P,-W]
0.0133 ; 32| 0.0138 o= ] = = 8,
0.0212 | Nitrogen'..,...... e e L —148| 0.0085 &, 1 T
0.0313 32| 0.0140 B T =20
0.0438 122{ 0.0160 Tt = Hms = NRE 4 ]
0.0635 212| 0.0180 b = = ] = ]
Nitrous oxide.............. .... —98| 0.0067 <£ 0.08 FE PPt : T =
0.0002 32| 0.0087 i) | = P = - e
0.0170 212{ 0.0128 m® = i En=SuEE = = = = ' 3
0.0270 a5 = L] ] B i
0.0410 | Oxygen.........., PR —148( 0,0005 > SuMRNE T TP - A i
0.0650 ' —58/. 0.0119 = = ] SuuEm P T SauMp R ! !
0.0076 0.0142 5 001 | AT AE N = = i
: 1221.0,0164 2 = - = == SRR ¢
Mercury 0.0197 |- ’ 213 0.0185 £ = =SuEE ek FrTT = i
Methane 0.0100 8 = - | = %) = ] = N
—358] 0.0145 | Peatane (n-).,,.,............. 32| 0.0074 = : = = i SRR 2 = !
az| 0.017s 68| 0.0083, = I = ST El = =
122| 0.0215 () S 32/ 0.0072 ol 5 006 - . P
Methyl alcobol..............., 32| 0.0083 i 212| 0.0127, . FE : - 3 I 3 T i
212 0,0128 | Propane...................... . 32| 0,0087 - - - : T b e
Acotate:. ... ... L 32| 0.0050 212 '0.0151, , : : B
- 68 0.0068 . E E i i N ; ¢
Methyl chloride.............. g 32| 0.0053 | Sulphur dioxide,,...,.......... 32/ 0,0050 7 1 :
115 0.0072 Pl 212| 0,0069, 0.05 - 300 300 500 600 '
| 219 6. 0064 0 100 ol i 0 re g i
363| 0.0130 Wal-nrv;por,._..‘........ ..... 115 0.0}.20_ . pe Nl B Sirlirdi
413{ 0.0148 ! +212/ 0,0137 F1o,1. Thammlronductwn.xeao!'hydrﬂmbﬁnhqwds- (A"“P‘“u"’m ik "
Metnylene ohloride. ... ......... 32|'0.0030 > ‘ 392| 0.0187 Misc, Pub. 97.) i
115/ 0.0049 572 0.0248 ' : b2
212( 0.0063 762/ 0.0315 : : . : :
413| 0,0095 932| 0.0441
* From Pnrr_y. J. H.. **Chemical Engincers’ Handbook," 3d od., MoGraw-Hill Book Company, Ine., i
New York, 1050, ¥ e i 7 : N -':_‘
s
-~ i b
A . .
lﬁ'o E ! i
!
- - i':-
' . 3 nry
« § B
/!
i ¥
1

cpring




PROCESS HEAT TRANSFER

Specific heat= Blu/(ib)Deg. F.)

No. Liguid Range DegF]| g i
29 { Acstle Acld 100 32-176 pecitic -
g% gum‘.l » 32- 122 Heat
mmonla ~94-|22
37 | Amyl Akcohol 58~ 7
_g_ Amjyl Acetate 32-212
Deg. F. Anliine 324266 ‘0.2
400 23 | Benzane 50-176 | )
27 | Benzyl Alcohol =44 B6 BA
1O | Banxyl Chioride = =22 +:86 i 2
40 | Brine, 25 % CalClg ~40+ .68 3.0
Sh{Bmnpoayel - ©i|-gaadesl s o0
ul ] : 4 212 i 3
2 Car,gon Disulfide - * -iag8 = 77 40 04 R Fe
i 3 | Carbon: Tetrachloride - | 50.- 140/ . 0.3
8 | Chiorobenzens : 32:212 -80.- F
& ghhﬂrufdrm I32- 122 8o’ 5 ket -
gl |'Dacane - e -2« 77 i
300 GA| Dichlorosthane _ ,_ ~ |-23 - 140/ . S O6A . |
Dichloromathang -~ 2z Fid Pl
15 | Diphanyl, .~ .. * (o] 3-0|o et
22 | Diphenyimathane’ ‘Ogi 0.4
|6 | Diphenyl Oxide N Wt . o -
16 | Dowtherm A - RS LI o (o - - S —
24 | Ethyl' Acetoty. ¢ ' v -140‘5‘50.3 L=
421 atiol 0 .86 176 18~9520 —
L B e ‘684176 ool OF8, !
60t~ - = 68- 176 Wi U, =
woSr| fgume . llRiiel S8 SR
" romi| - A T [
.IEE " ?c'r‘.""d' “22 - lg:} £ O‘ 926 /:
a or . -148.= o 30, [~
7| = lodide BEV R IBE G- o T -
39| Efhylene Glycol®! =40 «392 - o
i - 280 32 =
S B o Ere
ar. %%39 3 —085
oo 44 o 40 =
g a3 =
i 460 | o4t ; =
No. Liquid Ran F 049 =
‘| 2A | Fraon-11(CCIyF) -4~ |58 —o0T
6 »  =I2(CClgFe) -40- 59 [~
4A| | = =2ICHCIF) -4~ 158 —
TA| » GIFg) -4- 140 e
3A| i n I3(CCI,F=CCIR) =4- 158 -
o 38 |Glycerol -40- 68 -
58 [Hexone 15 ‘a8 =
xane - - —
48 |Hydrochloric Acid, 30% | 68- 212|950 810 sapl
4| [Isoamyl Alcohot 50- 212 s
43 |isobutyl Alcohal 32- 212 =
4T |lsopropyl Alcohol =4 122 [—
31 |1sopropyl Ether -12- 68| =
' 40 | Mathyl Alcohol =40~ &8 =
i 13A| Methyl Chloride -112- 68 —
-100 14 | Naphthialene 194 - 392 ' —0.9
12 |Nitrobanzene 3z-212 —
34 |Nonane ; -5~ 77 —
33 |Octane =58 =+ T7 i
3 |Perchlorathylens -22-284 —
45 Prr.?yl Alcohel -4-212 |~
20 |Pyridine -58- 77 % 5&:
9 |Sulfuric Acld 98% 50- 113 —1.0
11 |Sulfur Dioxide -4- 212 —
23 |Toluene 32- 140 =
3 |Water - 50~ 392 —
9 |Xylens Ortho 3z2-z2i2 —
18 « Mata 32+212
| 17 " Para 32-212
F1a.2. Specifi¢ heats of liquids, (Chilton, Colburn, and Vernon, based mainly on data Jrom
International Critical Tables, Perry, " Chemical Engi 8" Handbook," 3d ed., McGraw-

Hill Book Company, Inc., New York, 19850.)

Ty LT R T

insadosiEes

bt

>
Deg.F
00— G4 Specific heat = Btu /( Ib) (deg.F)
=1 &
200—]
400—]
3 5 6
8 ©9 O
s o
| 1 12
N - Gog Rgn E &
— [10] Acerylene 32- 390 100 © %
1000 —] |g i 390~ 7 o
= uoy 750-2550
e o7l rE . g%:ﬁi
- % n
1200 — '|§ Amm * 1110-2530
e 18 | Corbon Dioxide 32- T I7A
= e 5 . 1d 7§g-§ ITc 18
1400 — 26 | Carbon Monoxide 32:
= | et 390-2550| ir8~ O ©
. 3| Ethone 32- 390 70
100~11 9| = 380-1110
| ilem e %
oo | ] Fiaiene 330-1110
113 “ a n;g-zs
=] |178| Freon-1 (GGt ®
2000— [17C -2 csal,ﬂ 32-
- lita - 22 t:;m:tr,c)l 32- 300| -
— |70  ~|{3(GCle F-GCIFy) g: ‘??0
- - en Bromide - --
- 33% “YU:N g Ehiarllddc gg'—z
— - ‘ . -
£300-4 §2 . logi%r_l 32-2550|
|19 . Sulfide hzx: éa
ge00— | 2 4 20
g Mcl.llmnl 53512
- %g Nlltjc Dr.idc P
26 | Nitrogen gg: )
o
33 | Sulfur et
i 32- 150
%it Sull’_ur Dlou-d! 155 -2550
IT | Water "

@

— 40
1E
e
o E-s0
¢ E
.20
T — 1.0
o o9
R0 o8
13 m
|4e B
ol 06
ot Fo.s
20 ;‘-—- a4
1o o E
o 2 =
Ozq =
230 & 2682_5 03
25 =
29[
0
% " [oe
32 B!
o H
33—
0 -
340
= S A
° Lo
—0.09
L —0.08
35 -
o 0,07
{ |
—0.06
(005

i “ - & ¥ k'l. Md"
Fia. 3. BSpecifio henats of gases at 1 stm. (Perry, ** Chemical Engineers Handboo,

McGraw-Hill Book Company, Inc., New York, 1950.)
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PROCESS HEAT TRA NSFER APPENDIX OF CALCULATION ‘DATA 3
’ . . L L L LS ML I 2 O O § TEVrTTTrT ;';
m § ! -SPECIFIC. HEAT OF HYDROCARBON VAPORS ] i
HC EE HH AT ONE ATMOSPHERE PRESSURE s it
" PN i M
v Eiasaieass 9 % I
i- ] I - - fn';
] =Ry HHo:
st NN o N S N PAs o9 - | - 2 - - ot o
s AN T o & - R X T e
. HH e o T B
SEE 5 7 g FoARLY 4B - o' N 'F:.
YT A : N B T P Lo s
; 2 Ga i e |
mias g § MOLEI0ENSITY AT DA ;
sEE 3 bt S LRl R E" L] e FaApAT.Nun e i
Lo > ? d =] ME THANE = 16,0-1-0,5 5 L 3 = 4
n\,@“"" % § NYHL u:c_um.u'_?uum 5HI045 3 |1.3E:o.ao—- \ 1 r;ﬂf Eazasz ;
hh Y04 | HOLOVS | NOWDIMNGY E &4 —20.2{1°0.70:Y % pear Az ey i
H - EEEX yR Gy > Zavanysivar ;
a T I b B EES W E.!J:_,qéu- k\ ‘:t Svar 4 ;3
¥ BARY f S HEHHETHANEE 3001 1,045 PR A A T A i
R s o © ROPANE|~44.0-= | 52-R-NSRNL R T F VTP i . 2
¥ B8 3 i ° 1] BUTANE 1= 58 T-2.00 N ORI _ - :
e A Rasashal N g - HHPenTane 721 T2 56 RS o30S Apas % ! 8
s 2 N 'K m 06 ; PRl AR v i i
I " _‘j’_ 1 - 4 - PR AN AN 94 ‘f"?‘ P 2 ! i
H TR - - "g - LRI VA VTPl “ i b
] TTINTIY H v FaAD. P o )
e 3 ~ AL LT A - ' “5
HHRN s : s
’{%" H X e 5 @ 05 ‘;ﬁi' raRdl /1;r;” i A
o e & & F S8zazanayspoo
. u LA :
% H -¢°I.|. : ""Hf ArP SIS 9T
AL HH o g . 723 :.
@5 - :
5 E g ; . 4y g Mo
g o
> P ; E : :
o a8 . 7 1A T ; &
iy & % gBsesnst HEg HHHHA A .-;‘.
58 Edgry 552 701+ : ! h 2
1 - g R L TS i 7
p - 2 L4 Liqulp 44
i E =n Ay E aus :: Q.3 . . _ f".
. T + am (<] : £ 1
H B ENEEEEaumEEataEEE) HH 2 i :
" . 1T I
: o - &g
: N e o 8 a2 1 —— L o
H HH i FE 200 © i 200 i 400, . s 800 1000
£ ; @ § TEMRERATURE °F. =, ' ; 4
: SEAEERETANY e Fa. 5. Bpecific hoats of hydrecarbop. yapors at 1 stm, [Holgomb and Brown, Ind, Eng.
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PROCESS HEAT TRANSFER APPENDIX OF CALCULATION DATA i\
Tase 6. ; SeEciric Gravrries Anp - MotscuLAR: Weraurs or Liquins. L-Ll E:i H -_, 7 ﬁ T W%ﬁ SPECIFIC ¢ am;aigm%gsmmn;‘
. * : s o e . Lab. Bullgtin
' o, et | . T TR T T R TR Dota from Konsas GV T80 B e Goie”
Compotnd : Wt ; QumpouuQ e W i ik B B2 ) L% 1 i,'i- gg_!i = ﬁﬁﬁﬁlﬁ&ﬂmuuemay
| j i ot v T z J\é’o.ﬁf‘.ﬂ}giﬁ-! o+ "1{11‘4’- 3 Jur-!ﬂf[ln}j(
| i \ W [t ' - e Py S : AUV TEES .I‘i-'l'l-‘l -
o Acetaldehyde..... N Ty T 45| T0.78] Etbyliodide. ... 155.9 | 1,93 'ﬁ T = P'.- :Ij'-a‘f-' 7 ' ] T
i Acetic ncid, 100 % 0,1 | 1.05] Ethyl glyeel......: 88.1| 1.04 H Tt Eahn cAunARE Ny Seyapeiacy SR2SH0 3 fad
Abetic ncid, 70 %, 2| 1i07] Formis acld; _ 46,0 | 1.22° 506 Tt L hn_ H.',.,t@ e ageas ~ T
Acetic anbydride, -1,08] Glysarol; 100 % . ... 92,1 | 1.28 o S s TR R e <k b L PP TH
Atetane. ........- 0.79] Glyeerali 50% 1o . - e R 51 iy R e LE R S S da A i
Allyl 8leohol. s vvrvherenooeerans 68,1 |+ 0,86] n-Heptane 100.2:| 0.88° - TS Eag T HaThr R R e R tti[ L =
Ammonia, 100%. ..o 1740 | :0.61) n-Hekane, 0.86. S b= d 2 B T AR = e LD
Ammonis, 28%...L.o oo .| surese] ~0.983) Ysopropyl alcokol. . , .. .. 0.79 20T B :ﬁ.u.-,.i.i.t 3 dm SR i S
Amyl acetate...... ... .| 130,27 0,88 Meratry;.bineiii .o 13.55 £ HEY LHH ) SRR P
i Amyl slcohol:. 882 | " 0.81) Mothdnal; 100 %.. 0.79 o o EiE e TR L
i Aniline....... .| 93,17 1.02] Methariol; 90 % .. : 0,82 PR b e e A B 2 T iEon s e S
o | Aaisole, o ooeesih e 108:1,) 0700) Methanol; 40 %. . ; 094 _ B 0.6 DS I TR T T
5 Arsenic trichloride. ... ... . i..n 181,3 | 2.16] Méthyl scétatai.. 0.93 & '“L'.H"l' S ﬁ’ I Appuagen A IR BT =E
S ST 7ein | 0] etk chteride. .. 92 iaanbisy, R P e e T S e
i Brine, CaCls 25%. . .. .. A oeini] U1i28) Methyl athl Ketong i on s iBL TEEH LS RaRaANgEEEEE NE ! - R R S HIR
Brine, NaCL25%.J....... ..... ereeee] 1o10] Naphthalsng s on s i 14 sendgaanannnils Inas i Tt TR PR P
i Bromotoluens, ortho. ....... ...| 171,07 1:42) Nitrio acid, 85 % i 50 05 R R N TR 1 PN TN el -
Bromotoluene, mdta:............ | 1.41] Nitdo aeid] 60 % i 38 SRR aRua TN in huhEi TN EF RN pm sl Sl
Bromotoluene, paks... ... .. | 1.30] Nitfobeneats 5 20 R emmmEE ru Enwns EyEER: B AR PRGN
R-BULADE. 4+ v s fs vieiweson o 0.60] Nitdotoltens, Breho. b iy . : 16 Eiadighigpiaeaizpiin HENHH FrRPN RS -
EBUAR. o cvuess feerannes i 0.60{ Nitrotolughe, mete: DONRE: Sl R TN 04 L 50 600 00 &0
Butyl acetate......... ... Kl 0. p: 1,29 i &0, 00 Temperature,*F
n-Butyl aleohol, . |......0. 0,81] n~Ootans, . 0.70 ol iy WIS T hydr P
i-Butyl alcohol. . |.. .. 0,83] Oetyt dlcetiol 0.82 ; Fia. 6. Specific gravities of e
neButyrie acid...}.... 0.96] Péntashlorosthans, 1.87 . ]
i-Butyrie seid,..i.... 1 0: 0,63
Carbon dioxide. ... evs] T44.0;] 1:20] Phienol.i. 1.07 =
Carbon disulfide. ;. ...... ... T81 | 126" / 2,85
Carbon tetrachloride. .. ......... 153.8'| - 1,680] Phosphorua trichlot(de. 1.57
Chlorobenzene. ... . - . vov.s| 112.68°] 1 1.11) Propane. . ... S 0.50 3
Chlorolorm......... vie.] 119.4 | 140 Proplonie aeid Joraa] 0e9
Chlorosulfonio agid.......... ..| 116.5 | ‘1.771 nsPropyl alook .| 60:1] ' 0.80
Chlorotoluene, Oftho.. .o vo. .- .| 126.6'| 1,08} niPropyl bromid 123.0 | 1,35 °
Chlorotoluens, mota. ....... ... ..| 126:6/] 107 naPropyl okloride . .o Ll 78.6 | 0,89
Chlorotoluens, PATA.. .cvvie... ol 126.67] - 1.07]'n-Propyl fodide 170.0 | 1.76
Creaol, meta...ocvvaeeeienes ..o 108,101 1503} Bodium, ... foviiiess] 23,0°]-°0.97
Cyclohexanol. .. .. '100.2' | ''0.96] Bodiiim hydeexide, 0% | votlediwni] S 108
Dibromo methans. . 1 2;00] Stannio chloride 280.5 |.:2.23
Dichloro ethane. . 1.17 Bulfurdioxlda.. i coiael| 84,17 1,38
Dichloro methans. . 1.84] Bullurle &&id, 100°%. . iviv v vnenns 08.1] 1.83 °
Diethyl oxslate.............. .. - 1.08] Sulfurie acid, 98 %. . . 1.84
Dimethyl oxalate.............. 5 1| 1.42] Bullurio Keid; 609" 1.50
Diphenyl......... .. i ‘0. Bulfuril ehloride. . : 1.67
‘Dipropyl oxalate. . s 1.02| Tetra chloroethane........ 1,60
Ethyl acetate....... e 0.90§ Tetra chloroethylene. ..... 1.63 s
) : Ethyl alochol, 100 % S 0,78 Titanlum tetrachloride....... 1.73
. Ethyl alcohol, 95%. . dovevees] 0,81 Toluens..oooevnarrnnnnnn 0.87
‘Bthyl aleohol, 40 %. 0 vieee.] 0.94] Trichlorosthylene. .. .. 1.46
Ethyl bensene.........oovian .. 108.1 | 0.87) Vinyl acetato. ..o vieneoeisd 0.93
 Ethyl bromide.......ooioiinaonn 108.0 | 1.43) Water.........--.- iR 1.0
| Ethyl ebloride.... .....oo0 aen 84.5 | 0.02] Xylene, ortho......covvvinnnn 0.87
" Ethyl ether..... . ... .ooen 74.1 | 0.71] Xylone, mets.......o coieriin 106.1| 0.88 :
i Ethyl formate. ...... ..... .... 74.1 0.02) Xylene, para.........coonnnnnns 106.1 0.88

* At approximately 68°F. Theae valuea will be sat lastory, without extrapol , for most engi-

neering problems,
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PROCESS HEAT TRANSFER
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PROCESS HEAT TRANSFER

‘ APPENDIX OF CALCULATION DATA
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Taste 7. THERMODYNAMIC PROPERTIES OF SteEAM,—(Continued)

TasLE 7. THERMODYNAMIC PrOPERTIES oF STEAM.—(Conlinued)
Properties of superheated steam*
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FI R T 1236.5(1284.8(1333.1]1381.91431,3| 1481 4|1532. 4| 1584 3|1637.0/1745.1{1857.0 v 0. 5264|0.6873/0. 608910 6204/0. 6491{0. 6880|0. 6863 |0. 7716/0. B506|0. 928211.0714|1. 21241 3500 i
(267.26) 1. ‘11.6994|1.7608|1.8140]1.8810|1,9058(1.9467|1.9850{2.0212(2.0555(2.0883|2. 1498)2.2060 900 h...|.....|1215.0 1250.1 1275.91290,0]1305, 1|1318.8|1332, 1/1393.91451..8/1608. 1{1619.3{1731.6/1846.3 4
(531.98) s <. .|1.4218]1:4653(), 4800]1.4938(1. 5066 1. 5187(1. 63031, 6814[1, 6257|1,6656|1.7371{1. 809 1.8505 X
v | 7.255| 8.357| 0.403|10.427|11.441{12.440|13 452|14.454|15.453]16.451{18.448) 20.44
60 A “liie1.61233, 6{1283,0{1331.8{1380. 9|1430.5{1480. 8{1531.0/1583 . 8| 1636, 61744 .8/1856.7 ' +++++|0.4633:0.5140|0.5350{0. 5546/0. 5733/0. 601210. 60B40. 887810. 7604/0. 8294|0. 961511 088312146
(292.71) u... ‘11.6482(1.7135(1, 7678/1.8162|1,8605(1.9016|1. 64001, 0762|2. 0106(2.0434[2. 10482, 1621 (5}?’3,, Ner }‘:E.-,‘i 1;21350 i‘ﬁlﬁ' }22%53 }%3 Piéﬁ iaﬂsiﬁ ng'% ﬂ?ﬁ }ﬁggzg 2“%.2 i?ég?sg‘i&;?ig
... 6.220| 7.020{ 7.707| 8.562| 9.322/10.077|10,830{11.582|12.33213. 830|15. 325 = 10 Ly asazlo.s73slo.4s2olo 51100 5281l0.544500. 81910, 8860, 7503 0';?130.;885 11081
80 k. 1230.7/1281..11330 .5(1379.9{1420.7|1480. 1 1531 3| 1583, 41630.2)) 7445, )830.8 e 1100 A i hzse, 711265.3/1372.411288. 5 1303.7{ 131831384, 3 144451502, 2|1815..2]1728. 4[1543.8
. ; lf;:; 1::;: 1;:?1‘: 1::::; 1'}0533 l::;: 1::;: 1:;2:; :au;;; ﬁu:::;cln 12,258 (556.81) # 1,4251(1,4425]1,4583]1. 4728/ 1, 4862 1. 4980]1.5535(1 /6005 1. 6405/1.7130]1. 77751, 8363 1
100 k) "1z s{r2io.1]1339.1faafs.sl1428.sl1470. 611530 8lusi2 lieds 7)17i¢ 201856 2 100 "?ﬁﬁ ?zﬁ%” ot o 1205 T]1313 0[1870.3(1440. 713406 3613, 1 1720, 1642.5 5
(327.81) ... -|1.8518[1.7035 1.1&:; 1.8020|1. 8443 lésm :%mu 1.9538 1::4“ 3&";‘:‘ 1;2"‘: (667.22) s .- |t’4082|1. 4248 l 4413|1.4568/1.4710|1.4B43(1,5400(1.5679(1,623|1.7025(1.7672{1.8263 %
. ..| 4.081| 4.635| 5.185( 5.683( 6:105| 6.702| 7.207| 7.710] B8.212| 0.214/10.21 = ..[0.3174]0.3300(0.3580]0.3753{0. 30120, 4002(0.4714|0. 5281/0. 5805]0. 678010, ]
120 h. . Chi224.4l1277.2(1327.7|18377.8(1428, 1| 1478, B|1530. 2|1582, 4]1635,3|1743.9 1855,0 1400 afes IWB?II 1218.4/1240.4 1263,8.12?5,5 12855 'I’EGD.{ 1433?1 11935?3 1608 9 1??23??; IS:GM.U
(341.25) .. i .. |1.6287(1.6860(1.7370{1.7822|1.8237(1.B625|1. 8900|1. 9335 1. 0664 2,0281|2.0854 (587,100 W i 1:3877(1,4079]1.4258(1.4410|1.4667(1.6177(1.5686]1.6093}1. 68361, 7489(1. 8043
v } ....| 3.468| 3.054| 4.413| 4.861| 65.301| 5.735| 6.172| 6.604 7.035| 7.895| 8.752 0.2733)|0.2936|0.3112}0.3271/0.3417|0.4034|0.456310. 5027|0. 5006/0. 6738,0. 7545
140 ¥ | L. |1221.1]1275.2{1326.4|1376, B|1427 3| 1478.2|1520 7|1581.9 1634.0[1743.5|1855.7 1600 |L187.8]1216.2/1238,7|1259. 0 32?8 T(1358.4(1425.3]1487.0{1604.8 1'1'20 511837.5
(353.0%) a.. \ |\ 5od7|1.6683|1.7190{1,7635]1.6063|1. 6151 L. 8817|1.9163|1. 9443 |2.0110]2.06E3 (604.50) 1|1 3489(1,3741|1.3952(1.4137|1.4303|1. 4064 1 ma 1.5014{1.6869(1.7325(1.7928
b k] .| 3.008| 3.443| 3.840] 4.244| 4.631| 5.015| 5.396| 5.775| 6.162| 6.906| 7.656 .[+4+0 . [0.2407|D. 2567 (0. 2760|0. 200710.3502(0. 3085/0. 442110, 5218{0. 5063 0. 6863 :
160 . 0 h2at.el1273.1]1325,0{1375.7(1426. 4[1477.5[1529. 1|1581.4{1634.6(1743. 2| 1855.5 1800 118511214, 0/1238, 5|1260,3{1347.2 m? 4|1480.8/1600.4/1717.3{1835.0 £
(383.53) a. | | "o hi.so0s|1.6519|1.7033|1.7401|1.7911(1.8301{1. 86671 .9014[1.93441.0962/2.0536 (821.03) 1.3377(1.3638|1,3856| 1. 4044|1,4765|1. 5301{1,56752|1. 8520 1.m.s|l,ma
AL AN I | 2.640| 3.044| 3.411| 3.764| 4.110| 4.452| 4.792| 5.120| 5.406| 6.136| 6.804 0.1836/0, 2161 n,mwmnu 3074|0.3532{0, 3035|0. 4668{0. 5352,0. 6011 ;
180 PR | " hia2i4.ol1z71. 001323, 5{1374.7|1425. 6|1476. 8| 1528 . 6|1581.0|1634. 1{1742..9|1865.2 2000 1145.811184.9]1214, 8{1240,0(1385,51400. 2, 1474 5(1506.1(1714.1/1832.5
(373.06) R 1.5745/1.6373|1.6894(1. 7365|1. 7776|1. 8167|1.8534| 1. B882(1.9212{1 . 9831 2. 0404 3 (635.82) i 1.2045(1.3300{1.3564|1. 3'.'83 1.4578{1.5138|1. 56031, 6334{1. 7066]1.7630 i
| ...| 2.361| 2.726| 3.060| 3.380| 3.693| 4.002| 4.300| 4.613| 4.017 5.521] 6.123 T o N ) ; 0. 1484/0. 1686(0. momooaosm 3678(0. 4244(0. 4784 i
200 i... . h210.3|1268.9|1322. 1|1373. 6| 1424, B| 1470, 2{15628, 0|1680. 5| 1633.7|1742.6 1855.0 1500 - e .. [1132, 301176, 8]1303, 6{1387.8|1458 . 4|1585,3,1706.1|1826.2
(381,79) I |1.5504]1.6240|1.6787|1.7232{1,7655(1. B048|1, B415{1.B763]1. 0004 |1.6713 2.0287 (668.13) .+ |1.26871.3073|1.4127|1.4773|1. 62731, 9058 1. ﬁ'.l"-".'n 1.73860 5
.| 2.125| 2. 455 772| 3.006| 3.352| 3.634| 3,913 4.101| 4:467| 5.017 - S CEEETES FETEER TR SRS CERREES PO ey CEr e . |0.00B4{0.1760{0.2158|0, 2470/0.3018,0. B505(0. 3068 | 7
120 .. - 11206, 5/1266. 7! 1320 7(1372.0{1424.0{1475:5{1527. 51580, 01633 ,3{1742.3 1854.7 3000 z 1060, 7 128? 2|1365,0/1441,8]1574.3|1608.0/1619.9 ;
(389.86) “|1.s453{1.6117|1.6652{L. 7130[1. 7535]1. 7030 L. 8368 1.;5551 8087|1.9607)2. 0161 (095.36) . 1.1066(1,3600{1 4430]1. 4084|1.5837|1.8540/1. 7163 :
|1 p276| 2.247| 2.533] 2.804 3.068| 3.327] 3.584| 3°830] 4 093] 4.507| 5.100 : P LSt : o veeees[0.158300.1981 .mumnu 82670.3703 }
240 1202.5|1264. 5|1 m *1371.5 1423, 2(1474.8(1526.9|1570.6|1632. 8{1742.0{1854.6 3206.2 A. . : P veos.|1250, 51355, 2(1434.7 604, 6/1817.2 B
(497.37) 1.6219|1. 6003]1,6546]1.7017|1. 7444|1.7830| 1, 8208 1. B558| L. B8BY|1 . 0510{2.0084 (705.40) a. ; el s venon|1,3508(1,4300(1, 4874(1. s:*m 645211, 7080 f
- ns a 30) 2.562 2.827| 3.067| 3,305 3.541| 3.776| ¢ 242{ 4.707 ; i | 030010, 136410, 176210, 2068(0. 2548 0.27710.3381 £
260 " |1232.3)1317.7(1370.4|1432.3|1474. 2| 152531570 11632 5{17i1 7 w 2 500 .| 780.56(1224.8(1340,7|1424.5/1563.3/1689.5(1813.6 :
(404.42) 0. "|1.5897|1.6447|1.6022|1. 7362|1. 7748(L.B118|1.8467(1 . 8700{1.9420]1. 0885 .|0.9615/1.32411,4127]4, 4723(1. 6515(1. 633610964
v -|1,8047| 2.150| 2,302 2.621| 2,845| 3.066| 3.286| 3.504| 3.938| 4.370 10.0287]0.1062{0. 14620, 1743|0.2192(0. 2581/0. 2043
280  h.. 1260.0(1316.3(1360. 4/1421.5/1473 . 5(1525. 81578 5/1632.1|1741 .4|1854.0 4000 763.8(1174, 8/1314.4|1406.5|1652. 1{1681.7(1807.2
(411.08) ... 1.5706(1.6354]1,6834|1, 72651, 76621, 8033 1.8383(1 . BT16(1.9337|1.0612 10.9347|1,2757|1.3827|1. 4482(1, 6417|1. 0154(1.6705
s .. [t.7075] 2. oos 2.227| 2.442| 2.652| 2.850] 3.065| 3.260| 3.674| 4.078 v .|0.0276(0.0708(0. 1228/0. 1500(0. 10170, 2273{0. 2602
30k ..1257.6{1314.7|1388 a 1420:6{1472.8(1525.2|1578.1(1631,7|1741.0/1853.7 500 A, 753.5/1113.9(1288, 5|1388 4(1540.8[1673,5(1800,9
(417.33) 1 +o|i 57011, 6268[1. 6751 (1. 7184]1. 7682 1. 7054]1.8305(1.8638(1,9260]1.9835 : 0.9235/1. ,8529|1.4253(1,5235(1. 5060 1. 8640.
=S _|1.4023|1.7035]1.8080] 2.084| 2.266| 2.445| 2.022| 2.708( 3.147| 3.403 % 0268 ,1036{0.1303/0.1608(0 2329
350  h... 1251.5(1310.9(1385.5{1418,5]1471.1|1623.8/1577.0/1630, 7|1740.3{1853. 1 5000 k. 748, 4|1047,1|1256. 5{1360. 6{1620.5{1665.3{1704.5
(431.72) a. “|U.5481{1.6070]1.6563{1.7002(1.7403]1.7777|1.8130{1.8463{1.0086{1. 6663 L. ~+-..|0.9152]1,1622/1,3231]1,4034(1.56068(1, 5830|1. 6400
v .|1.2851/1.4770{1.6508(1.8161|1.6767| 2.134| 2.290| 2.445| 2.751| 3.065 ¥ -+ 0.026210.0463 0.11430, 1516/0. 162510. 2100
wo . 1245.1|1306.8|1362.7(1416.4|1469. 4{1522_ 411575.8(1629. 6|1730, 5|1852.5 6500 L P PR FEOR] ETRTT B TR R 741,3| 08S.0(1224.1(1340.3(1518.2/1857.0{1788. 1
(444.50) a. ,1523115“4133\18153(2112”1Tﬁﬂl?ﬂ?lmlll&%ﬁﬂs‘m PES0N N DCDUIN FPPY RO FUOuey FUSURY e 000011. 109311, 203011.382111.4908]1. 5699]1. 6360
\hnd;ed [mm e T Pm ties of Stoam," by Joseph H. Keenan and Frederick:G. Keyes, John Wiley . *A from "Tbermodyumc Pmpem« of Bmm " by Jmph H. Erepan sod Frederick G. Keyes, John Wiley &
& Bous. Ing., New York, 1637, Bona, Ino., New York, 103
L]
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i PROCESS HEAT TRANSFER APPENDIX OF CALCULATION DATA

T L ViscostTies oF PETROLEUM FRACTIONS
| H 2 : Z " B 1 For temperature ranges employed in the text
ig # 4 - Coordinates to be used with Fig. 14
i fd
Eg 7 7 r’;, A z L 4
Z8E ) Smme B vAmRRRLE =
sEs L7 ST 76°API natural gasoline.................| 14.4 | 6.4
198 B [ L .,r“_/“ﬁp 56°API gasolie........................| 14.0 10.5
ol 7 V7 DI ] 42°APT kerosene......... ............. 11.6 16.0
: 2 / A LA 35°API distillate....................... 10.0 | 20.0
4 9 AN Zans 34°API mid-continent crude.............| 10.3 | 21.3
5| g% ARP 4R S - o 280APT pamolll o o 10.0 23.6
s : IZC Tt S M LT T U b :
£ » BEYOND THE RANOES PLOTTED. . -
z % § i /f r: r w g:;g{;_‘; Eaiﬁgﬁ: ﬁr_f*"‘::f""'- DATA -YIScoatms OF Amu_n AND VEa}:_nm.E O1Ls*
WHE! » -
v V4 THEH A 130°F _ .
4 4 A {2) SAYBOLT FUROL TEROM EXPERIMENTAL DATA Aok o o, X Y
% 7 1IW7/4 / (1) AEOWOOD.NO, 1 K=0264t- T’ WHEN t=d0 TO 88 SEC. : ! ; No. 20/4°C
g / 4 o iy ERE L TO s 805 "3 eedd 2.85 | 0.0188 | 6.9 | 28.2
L 3 LS 3 IR
: G (4) REDWOOD NO. 2 't=1/{0xREDWOOD NO. 1 TIME N : ¥ ] 5 . *
¢ Sl B o Ko T on e i R " | oo | 77 | ar
: z / (§) ENGLER DEGREES' KmExral™ y{ o Rttt . : :
i H 7 AR Eﬁﬁ%}%‘ﬁg‘@g&mm“m Cottonseed.........| 14.24 | 0.9187 | 7.0 | 28.0
,' reressic : S Lard........... ... 3.39 | 0.0138 [ 7.0 | 28.2
f a3 A D ek Linseed............| 3.42 | 0.0207 | 6.8 | 27.5
e P il O, Mustard........ ..| ..... 0.9237 7.0 28.5
[ 508 e AU, B B o, €0 1 Neatsfoot. ...... .. 13.35 | 0.9158 | 6.5 | 28.0
N . Tow 3 =3 e - L] Olive. .:....: LTI (TR 0.9158 6.6 28.3
i TIME IN SECONDS-SAYBOLT (UNIVERSAL & FUROLI, REDWOOD Han t 8 3. INGLER TIME 3 Palm kernél........ 9.0 0.9190 7.0 26.9
4 Fro. 13a. Viscosity conversion chart. - Perills, raw. .. ...... 1.36 | 0.9207 | 81 | 27.2
o Rapeseed. . 0.34 |’ 0.9114 7.0 28.8
Sardine.... ....... 0.57 0.9384 7.7 27.3
1 T - : Soybean....... L 3.50 0.v228 8.3 27.8
Eg [ - — == o Sperm........ 0.8 | 0.8820 | 7.7 | 26.3
o P / A A .- Bunflower.......... 2.76 0.9207 T8 27.6
i,.;-‘ 4 | A——rrea [N % : /_ Whale, refined. .. ... 0.73 0.9227 7.5 27.5
S > : .
8 =z SMRYAYAY -
= <~ A\ 70 0 / * Based on data at 100 and 210°F of A. R. Rescorla and F, L. Carnaban, Ind. Eng. Chem., 28, 1212
E Lo L ’|_3 1,93. b ,’é 1213 (1936). :
-‘% 2 o & y L | L Viscosities oF CommerciaL Farry Acrps™
o, 4 o
2 057 o> | | z 250 to 400°F
> :!f:‘_ A - o - = e = :
o 1
o1 02 03 04 06 0810 2 3 4561810 20 30 _ atsgnﬁiF X ¥
Reduced pressure, Pa‘%m'ﬁu! : :
Fra.13b. Viscosity correction chart for gases t different pressures. [Comings and Egly, U Yanfieiagiooooancid 0782 | 1001 23.1
Ind. Eng. Chem., 33, 716 (1940).] : ‘Oleie................| 0.799 10.0 25.2
Palmitic.............| 0.786 1| 9.2 25.9
SRR b 0.789 10.5 25.5

* From date of D. Q. Eern and W. Van Nostrand, Ind, Eng. Chem., 41, 2209 (im).
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PROCESS HEAT TRANSFER

APPENDIX OF CALCULATION DATA

ViscosiTiEs oF Liquips* i
Coordinates to be used with Fig. 14. Temperoture Viscosily E
_ :;g - Dag.F. Centipgises El
Liquid X|r Liquid Xl -E ggg = igg f
190 — = i
) 370 — ;
Acetaldehyde.. ... .. . . . .. 15.2| 4.8 Freon-21. .. ... .. ... .. ... 15.71 7.5 w80 I 360 = ?8 ;
- Aceticacid, 1009 ... . | [12.1/14 2fFreongg. || 1T 17.2] 4.7 %0 1 350 ~ 6o :
Acetic acid, 70%......... ... 9.5(17.0Freon-113. . . 1117 12.5[11 4 170 - 340 B :
Acetic anhydride.. ...... ....112.7/12.8Freon:134. . .. . TTTTT 14.6| 8.3 -+ 330 - 90 A
Acetone, 100%......... .. .. .[14.5| 7.20Glycerol, 1005;. .. " 2.0[30.0 160 — 320 46 b
Acetone, 35%...... ... ...... 7.915.0Gl}'ceru],50%,_,....,...... .| 6.9]19.8 <+ 310 :
: Allyl aleohol..... . ... .. .. .|10.2 4. 3 Heptane. . .. cov vinniin oo 14.1] 8.4 150 —f— 300 E Eé
Ammonia, 100%....1.........112,6 2.0Hexane. ................ . lig'7d 77 T 290 6~ 30
Ammonia, 26% .. . .... . . .[10.1)13.9 Hydrochloric acid, 31.5% ... [13.0 16.6 140 280 E J
Amyl acetate....... ., -ooo-.|11.812, Bilsobutyl aleohol. ... ... " 7.1/18.0 T 270 o i
Amul gloohol. ... oaeril o, 7.518. 4{1sobutyric acid..... . ... . 12.2(14 .4~ 130 " oo — 20 {
AN wovive ci o b bissinnatars .| 8.1118.7|Isopropyl aleohol ... . . 8.216.0" 4 E #
Foaur]Te] (TR N S L . [12.8]13. 5| Mereury. . ... ... e, |18.4]16.4 120 — 250 -
Arsenic trichloride...... .. .. |13.9/14.5|Methanol, 100% v e siim o 124|100 5 T 240 B
BRNZONG v s b i inine 12.510.9R-Iet,hanol,gi]%....._....,,.,_12_311,8 1o — 23p - )
drine, CaCly, 26%......... .. |5 1579 Methanol, 4003, .. 7.8/15.5 £ 220 30 L. 10
Brine, NaCl, 259 ... ... .110.2116. 6| Methyl acetate. . .. .| ceer 214,29 8.2 i 100 —_ 29 — o9 I
Bromine...... ...... ... . ... 14.2/13, 2iMethyl chloride. .. | . . . 15.0( 3.8 \ i 28 — o i
. Bromotoluene..... .. . . [20.015.9Methyl ethyl ketone., .. .. . .. 13.9| 8.6 i — 7 b
n-Butape............ .. .. . .[15.8 3.3Naphbhalene.....,..,.._,_,_, 7.9/18.1 9 L js0 26 — & i
Isobutane.............. . ...[14.5| 3.7|Nitric acid, 959 " < 12.8/13.8 T 180 - £
Butyl acetate.. ... ... . . |12.3/11.0INitric acid, 60%. . . 10.8/117.0 80 - - 5 )
Buwyl alcohol. ......... . _.[| 8.617.%Nisrobenzene. .. . " 1076|156 2 I 24 3 1
Butyric acid.... ........ .. .|12.1115.3Nitrotoluene... .. = 1 11.0/17.0 70 -~ 160 i~ 4 o
Carbon dioxide...... .. ... .|11.6 080ctane.................. " 13.7|110.0 4 150 22 3 *
Carbon disulfide.... . . ... C..16.1 7.50ct}rlalcnhol‘_..,._...._.'_,_. 6.6(21,1 60 - 40 - + Sl ¥
Carbon tetrachloride.. ... . ...[12.7/13.1 Pentachloroethane. .. ... .. 10.9(17.3 20 2
Chiorobenzene........... ... .[12.312 4iPentane.......... . 14.9] 5.2 + 130 - !
Chloroform.............. .. .|14.4]10 2APhenol.,, ... ... . 17" ..| 6.9]20.8 50 —L_ 120 . — 2 i
Chlorosulfonic acid. . . .. . . 11.2/18. liPhosphgrus tribromide. . . . . . . | 13.8(16.7 < 5 18 C i
Chlorotoluene, ortho. . . . . - -|13.0{13. 3{Phosphorus trichloride. . . . . ... 16.2(10.9 40 -~ "
Chlorotoluene, meta. . . . . --|18.3112 . 5Propane......... ... ... . 0] 15.3/ 1.0 T 100 Y6 o i
Chlorotoluene, pare .. ... -.113.3]12 . 5Propionig acid. .. ... ... " 12.8/13.8 i =~ L
Cresol, meta............ ..., 2.5/20. Propyl aleohol......... .. 0" 9.1/16.5 s0.-f P9 14 s = E 1
Cyclohexanol............. ...| 2.6[24, Propyl bromide......... .. ' 14.5 9.6 e 80~ ] B o8 I 0 £ — = e
Dibromoethene.......... ... .[12.7]15. Propyl chloride....... ... . ' 14.4] 7.5 T T~ e - = os
. Dichloroethane...... "] " 13 2(12 9fPropyl jodide. .. 14.1)11.6 20~ T° L C o7
" Dichloromethane........ .. |14.6| 8.9fSodium........ . 0T 16.4(13.9 4+ so0 ol = L8 e B B os
Diethyl oxalate............. [[11.0/16.4Sodium hydroxide, 50%. ... ... 3.2(25.8 Tl -
Dimethyl oxalate, . ... .. -.112.3/15. 8iStannic chloride. ... .. ... .. .. 13.5[12.8 10 150 =+ il
Diphenyl................. . .. 12.0(18.3iSulfur dioxide. .. ... .. .. " 15.2 7.1 -1 40 2 1= 2
Dipropyl oxalate. .. ..... ... 10.317. 7Sulfuric acid, 1109, . ... . " 7.2|27.4 T il
Ethyl acetate...... ... v |13.7) 9. LiSulfuric acid, 98%....... .. . 7.0/24.8 =L 35 & = 3
Fithyl alcehol, 100%....... . ..(10.5/13.&Sulfuric acid, 60% ... . " 10.2/21.3 4 : — e 03
Ethyl aleohol, 95%. ... ... .. . 9.8|14..3iSulfuryl chloride. . ... .. | ' 15.2{12.4 [ =Y 4 g
Ethyl alcohol, 40%........ .| €.5(16.6{Tetrachloroethane. .. _ . " 11.915.7 <y g
Ethyl benzene.............  |13.2 11.5{Tetrachloroethylene. . ... | 14 .2112.7 - £ 02
Ethyl bromide............... 14 .5 8.1Titanium tetrachloride . . |14 4 12.3 — o - E
Eubyl chloride................|14.8| 6.0|Toluene............... .. " 13.7|10.4 - -20 — g =
Ethylether......... . ... ... 145 5.3|Trichloroethylene. ... ... . " I1 8105 - -0 2 © 2 4 6 8 10 12 W & 18 20F
Ethyl formate........... .. .. 14.2| 8. 4Turpentine....... ... " 11.514,9 ] X -
Ehtg} iodidle. et 12.7 ;gg Vinyl acetate.......... .. 14.0 8.8 -30 & -20 > L o
eneplyeol............. .. .0|123. ater...... .110.2(13.0 5 o0s i e . . . ' "
Formic acid.. ... -|10.7|15 . 8{Xylehe, ortho. ... ... . 1 1l 1351271 T by ocodtiveof lguie,, ok T Bt e ek al, Metiow
Freop-11............ ... . --[14.4) 9.0|Xylene, meta.......... ... " 13.9/10.6 PR oMy S e Terh, !
Freon-12. .00, .00 0000 16.8| 5.6{Xylene, para........... ... ... 13.910.9 o2~
* From Perry, J, H., " Chemical Engineers’ Handbook," 3d ed.. McGraw-Hill Book Company, Ine., =

Naw York, 1950,
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PROCESS HEAT TRANSF ER APPENDIX OF CALCULATION DATA

i< cosit
ViscosITIES oF Gases* Temperature C\éﬁﬁ%ﬂ[s)és
Coordinates to be used with Fig, 15 Deg.C. DegFf al
; Iy ; =100 ., =
Gas X Y — 0.09
Acetic acid. .. ... L [Ca4.8 -loo [~ 0.08
ALEMINE s iy S 8.9 13.0 : B
Acetylene. ... .. 9.8 14,0 — 0.07
At 1.0 | 2000 »
Ammonia. ..., ..... 5.4 16,0
APEOR. s 10,5 22.4 - 0.06
Benzene............ 8.5 13,2 E
Bromine....,... S A 8.0 | 19,9 0 3
Bivelle ooyt bin 9.2 13.7 o £ 0.05
BOPWENG oo b 8.9 13.0 3
ge.rlb)on gioxligg. i T e gg 18.7 - 30 E
-arbon disulfide. . X 16.0 =
Carbon monoxide. 11,0 | 2000 100 28 - 0.04
Chlorine. ......., 9.0 18,4 i | B
ghloroform. s waie S.D 16.7 ’ 26 =
g B Lo R P .2 15.2 i -
Cyclohexane.............. " 9.2 12.0 200 = =
Ethane........... 9.1 | 14.5 4 100 \ 2 - 0.03
Ethyl acetate, .. .. 8.5 13.2 % 2 N
Tithyl alcohol. ... . 9.2 14.2 300 \ o
Ethyl chleride....:..... 8.5 15.6 L
%t{zy{iethar.,.,.,.... N gg 13_? 2@\ N B 3
Bthylene................. . 15, ~] .3 N
Fluorine, ... 111 . o 7.3 | 238 200 400 18 Fie : e
37¢=e]+ o G N S A A 10.6 15.1 1= - ¥
Freon-12,............., .. . " 111 16.0 500 16 | A -
?reon&:la‘ ST T S ig? %?g Y — - -
Sy e 115 2 T S : " 200 -
Breomiiz........... 0l e ] 1ao 600 14 N B
2 LT «ove| 10.9: 20,5 . 12 '- B
He)ém;e ....... EHE e 1?3 11,2 700 < |
WAROBBN. . voconn il vivis 5w cmvinini . 12,
3H, +1’1N,........., . 1.2 [7i7.2 an 800 1o : F
Hydrogen bromide. 8.8 20,9° : ¥ -
Hydrogen chloride. . .. ... 8.8 18,7 900 8- Y |
Hydrogen cyanide.... .. 9.8 14.9 500 : N — 0.0
Hydrogen iodide. . , . 9.0 21.3 1000 6 < . 0,009
Hydrogen sulfide. . .. - s 8.6 18,0 1100 > -
odine,............ 9.0 18,4/ 600 4 0008
ﬁer;ury ............ gg ?2? 1200 i -
SERRhe. L : 5.
Methyl alcohol ... 8.6, | 15,6 700 1300 2 L 0.007
Mibgdioxide. .o voe i it }gg .30,5-- . 1400 0 R T <
BIMPRER o vinun wonmnm s v ; .20.0 00 e | &l
Nitrooyl chioride, 0L 8.0 | 17.6 8 :Egg 0274 6 8 N E- 0.006
Nitrous oxide..... .., .’ 8.8 19.0 - 900 : ’ E
Oxygen............ 11.0 21.3 1700 3 i E 0005
Perita.n:e.,..-.,...n 2 7.0 12.8 1000 1600 , i 5 S eiras
: v a . : ’ Ar . MeGraw-
g:gp;?ilcohol : gl }g 2 F16. 15. Viscosities of gases. ' (Perry, '“Chemical Engineers’ Handbook,” 3d &
i N | 90 | 138 Hill Book Company, Inc, New York, 1950.) '
Sultur dioxide.............. . ] 9.6 17.0
Toluene.. . ........... e 8.6 12.4
2, 8, 3-Trimethylbutane....,. ... 9.5 10.5 ‘
L 8.0 16.0
Xenon........................ 9.3 23.0

* From Perry, J, H,, Chomical Eagineers' Handbook,” 3d ed,, McGraw-Hill Book Conipany, Inc.,
New York, 1050, =
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3 ‘04 05 06 07 050910 15 20
i E; i Inside diameter of fube,1n
o =
e
3 4000 T T T T I A P e m
x . ||||ni|l;1|||||1|||‘}1||||11|||]|,1.11]|-||1 I
& — 7#e valves of rare fora %'00x 16 8WG UL Hll
E o Fube (TD=0.62"). For any other ID mulfiply T
i 3000 4, by #he factor obtainéd above HHHHHH “(.pr
< i T 11T T T MW EmERE 180'
& 3 | T 1 . (Bf
. ] i 1 1 \! of
= 1
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i o 2000
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i i 5 -7-_:1500 Bab
g i ] * AN
é y E e A
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7 g% Hxg = g JheliligaraB’
e g b gaé i = = 1000
& B SSLE. 2 .= 900 = Faiizs
s 3 ;82 L G £
i 2323k, e :
i o588 < 5 z Tt
g 5R7Ed 2 ‘s :
) - _?_" 4 =
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':-6 400 :2-* — /_,. . P ]
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pe = [0 f/
300} 216°, .
o g: E
28 §88-8 ® SMMRPE L PR N ) A T i}
i m-rﬂ) (Y ! i
Tl "_'ﬂ; au - 1 200 T
18 I 1.0 15 ] 3 4 5 6 183910
P | Velocity through tubes, ft[sec
1. f ] ¥ra. 25. Tube-side water-heat-transfer curve. [Adapted from Eagle and Ferguson, Proc.

Roy. Soc.; A127, 540 (1930).]
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PROCESS HEAT TRANSFER

TasLE B. APPROXIMATE OvEraLL DEsiGN COEPPICI’ENTS

the controlling stream

Values include total dirt factors of 0,003 and allowable pressure drops of 5 to 10 psi on

Coolers
Hot fluid Cold fluid Overall Up
Water Weater 250-500§
Methanol Water ~ 250-500§ -
Ammonia Water 250-500§,
Aqueous solutions | Water 250-500§ -
Light organics* Water 75-150
Medium organicst | Water 50-125
Heavy organicst | Water 5-75||
Gases Water 2-507 ¢
Water Brine 100-200
Light organics Brine 40-100
Heaters ¢ K
Hot fluid Cold fluid ) Overall Us
Steam Water ' 200—7005
Steam Methanol 200-700§
Steam Ammonia . | 200-7005%
Steam Aqueous solutions: i
Steam Tess than 2.0 cp | -200-700
Steam More than 2.0 cp | 100-500§
Steam Light organics 100-200
Steam Medium organics 50-100
Steam Heavy organics - 6-60
Steam Gases 5-50%
Exchangers .
Hot fluid Cold fluid Overall Up
Water Water 250-500§
Aqueous solutions | Aqueous solutions 250-500%
Light organics Light organies 40-75
Medium organics | Medium organics 20-60
Heavy organics Heavy organics 1040
Heavy organics Light organics 30-60
Light organics Heavy organics ! 10-40
* Light orgonics nre ﬂuid.a with viscosities of less than 0.5 tipoise and lnclude b tol

acatone, ethanol, muthyl uthyl ketone, gasoline, light kerosene, and naphtha, ~ ' 7

o

Tuda )

1 Medium organica ha.vul vmqomt.m of 0.5 to 1,0 ipoise and i
hot absorber ofl, and pome cnuiu 1 )
t Heavy organics haye i ies sbove 1.0 t and

, atraw oil, hot gas oil,

reduced orude oils, tars, and ssphalta.
§ Dirt factor 0.001. |
|| Presaure drop 20 to 30 psi.
4 Thess rates are groatly influenced by the operating pressure.

BRI t!f.i.f-.ﬂ s

1 ‘_ cold. gas oil, lube, oila, fuel oils,

APPENDIX OF CALCULATION DATA

TasLe 9. Tuse-sHEET Lavours (Tuse Counts)
_ Squa.re Pitch
34 in. OD tubes on 1-in. square pitch !. in, OD tubes on 1}4-in. square pitch
Shell : Sheu ;
ID, in. 1P| 2P | 4P | 6P | 8P | ID, in. 1-P | 2-P | 4P | 6-P | 8-P
8 32| 26| 20| 20 8 21| 16| 14
10 52 ;2 40 | 36 oo i 82| B2 26| 24
12 81| 7 68| 68| 60 12 48 | 45| 40| 38| 36
13%4 97| 90| 82| 76| 70 1334 61| 56| 52| 48| 44
15} | 187 | 124 | 116 | 108 | 108 15% | 81| 76| 68| 68| 64
173 | 177 | 166 | 158 | 150 | 142 173 | 112 | 112| 96| 90| 82
1937 | 224 | 220 | 204 | 192 | 188 | 193" | 138 132 | 128 | 122 | 116
213 | 277'| 270 | 246 | 240 | 234 |- 2134, | 177 | 166 | 158 | 152 | 148
231 | 341|324 | 308 | 302 | 202 233 ¢| 213 | 208 | 192 | 184 | 184
25 413:( 394 | 376 | 356 | 346 | 25 # | 260 | 252 | 238 | 226 | 222
5 27 481 | 460:| 482-| 4207|408 | 27 300.| 288 | 278 | 268 | 260
29 553 | 526 | 480 | 468 | 456 29 341 | 326 | 300 | 204 | 286
- 3 657 | 640 | 600 | 580°| 560 | 31 406 | 398 | 380 | 368 | 358
33 749 | 718 | 688'|°676 | 648 [ 33 465 | 460 | 432 | 420 | 414
35 845 g ‘824 .| 7BO | 766 | T48. 35 522 | B18 | 488 | 484 | 472
37 934 | 014 | 836 | 866 838 | 37 .. | 596 | 574 | 562 | 544 | 532
39 1049 |1024 (982 (968 | 948 39 ! 665 | 644 | 624 | 612 | GOO
134 in. OD tgbc:a on 1"‘{54:1 ﬂqu,n.re pitch | 134 in, OD tubes.on 17¢-in. square pitch
10 16 12| 10 . ;
12 30 [ 24| 22 16| 16| 12 | 16| 16| 12| 12
1344 32| 30| 30| 22| 22|« 134 | 22| 22| 16| 16
15%4 44| 40| 37) 35| 31 1534 20| 29| 25| 24| 22
174 56 | 53| 51| 48| 44 17% | 39| 39| 34| 32| 29
1934 78| 73| 71| 64| 56 194 50| 48| 45| 43| 39
21y 96| 90| 86| 82| 78 2144 62| 60| 57| 54| 50
2314 | 127|112 106 | 102 | 96 23%4 | 78| 74| 70| 66| 62
25 140 | 135 | 127 | 123 | 115 25 94 | 90 | 86| 84| 78
27 166 | 160 | 151 | 146 | 140 27 112 | 108 | 102 | 98| 04
29 193 | 188 | 178 | 174 | 166 | 29 131|127 | 120 | 116 | 112
31 226 | 220 | 209 | 202 | 193 31 151 | 146 | 141 | 138 | 131
33 258 | 252 | 244 | 238 | 226 a3 176 | 170 | ‘164 | 160 | 151
35 203 | 287 | 275 | 268 | 258 | 35 202 | 196 | 188 | 182 | 178
37 334 | 322 | 311 | 304 | 203 | 37 . | 224 |'220 | 217 | 210 | 202
39 370 | 362 | 348 | 342 | 336 39 252 |1246 | 237 | 230 | 224
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PROCESS HEAT TRANSFER'

i APPENDIX OF CALCULATION ‘DATA
TasLe 9. Tose-seEET LAYOUTS (Tuse Counts).—(Conlinued)

Triangular Pitch ) ; @ TasLE 10, HEAT EXCHANGER AND CoNpENSER TUBE Dara
3 in, OD tubes opmll?{ g-in. triangular 34 in. OD tubes onhl-in. trinngular - '
pi L pite ’ - Surface per lin ft, ft? ;
Shell Shell Tube |powvs| ol .| Flow area » ’ Weight .
ID.in, | 1P| 2P | 4P | 6-P | 8-P ID.in. | 1| 2P| 4P | 6P| &P OD, in. thml?' ID, in. | per tu'be. per lin ft,
P | Mo ? ness,; in. o . 4
8 36| 32| 26| 24| 18 8 37| 30| 24| 24 1 n Outside Inside Ib steel
4 10 62| 56| 47| 42| 36 10 61| 52| 40| 36 ’
@ 12 109| 98| 86| 82| 78 12 92| 82| 76| 74| 70 - g
18 | 127|114 | 96| 90| 86 1314 109|106 86| 82| 74 15 12 0.109 0.282 | 0.0625 0.1309 0.0748 0.493
' 1534 170 | 160 | 140 | 136 | 128 1514 ‘151 | 138 | 122 | 118 | 110 14 0.083 0.334 0.0876 0.0874 0.403
& 17 | 239 | 224 | 194 | 188 | 178 17}3. 203 | 196 | 178 | 172 | 166 16 0.065 0.370 0.1076 0.0969 0.329
i 1917 | 301 | 282 | 252 | 244 | 234 | , 19 4 262 | 250 | 226 | 216 | 210 18 | 0.049 0:402 | 0.127 0.1052 0.258
21 | 361 | 342 | 314 | 306 | 290 21}, 316 |-302 | 278 | 272 | 260 20 | 0.035. | 0.430 | 0.145 0.1125 0.190
1 2317 | 442 | 420 | 386 | 378 | 364 2314 384 | 376 | 352 | 342 | 328 . .
i 25 532 | 506 | 468 | 446 | 434 25 470 | 452 | 422 | 304 | 382 % 10 | 0.134 | 0.482 | o0.182 0.1963 0.1263 0.965
g 27 637 | 602 | 550 | 536 | 524 27 -559 | 534 | 488 | 474 | 464 11 | 0.120 | 0.510 | 0.204 0.1335 | 0.884
g 29 721 | 692 | 640 | 620 | 594.| . 29 . | 630 |604 | 556 |.538 | 508 . . o] 12 ] 0.109 0.532 | 0.223 0.1393 0.817
31 847 | 822 | 766 | 722 | 720 |~ 31 745 | 728 | 678 | 666 | 840 ; 13 1 0.095 | 0.560 | 0.247 0.1486 0.727
5 33 | 974 | 938 | 878 | 852 | 8260 33 856 | 830 | 774 | 760 | 732 i 14 0.083 0.584 0.268 0.1529 0.647
35 1102 |1068 [1004 | 988 | 958 35 970 | 938 | 882 | 864 | 848 15 1 0.072 | 0.606 | 0.289 0.1587 0.571
i 37 1240 (1200 {1144 |1104 |1072 37 - |1074 (1044 |1012 | 086 | 870 16 | 0.065 | 0.620 | 0.302 0.1623 0.520
e 39 1377 11330 (1258 |1248 [1212 [ 39 .. [1206 |1176 |1128 |1100 |1078 g 8-323.. g-ggg 0.314 0.1660 0.469
Lin. OD tubes on 13-in. trisngular pitch | 13{ in, OD'tubés 6n 15{g-in. triangular . : * 409 DitdE] | o
ot - . pitch i 8 | 0.165 0.670 | 0.355 0.2618 | 0.1754 1.61
8 21 16 16| 14 . 9 0.148 0.704 0.389 0.1843 1.47
10 32| 32| 26| 24 10 20| 18] 14| : 10 0.134 0.732 0.421 0.1916 1.36
12 55| 52| 48' 46 | 44 12 32| 30| 26| 22| 20 11 0.120 0.760 0.455 0.1990 1.23
1314 68| 66| 58| 54| 50 13y 38| 36| 32| 28| 26 12 | 0.109 0.782 | 0.479 0.2048 1.14
151 91 | 86 74| 72 15 54 | 51| 45| ‘42| 38 13 | 0.095 | 0.810 | 0.515 0.2121 1.00
173 | 131 | 118-| 106 | 104 | 04 1734 69|66 | 62| 68| 54 14 1 0.083 | 0.834¢ [ 0.546 0.2183 0.890
1914 163 | 152 | 140 | 136 | 128 1934 95| 91| 86| 78| 69 15 0.072 0.856 0.576 0.2241 0.781
214 | 199 | 188 | 170 | 164 | 160 | , 2138 | 117|112 | 105| 101 | 9% 16 | 0.065 | 0.870 | 0.594 0.2277 0.710
233 * | 241 | 232 | 212 |"212 | 202 2314 140'| 136 | 130 | 123 | 117 17 1 0.058 | 0.884 | 0.613 0.2314 0.639
25 204 | 282 256 | 252 | 242 25 170 | 164 | 155150 | 140 18 | 0.049 0.902 | 0.639 0.2361 0.545
27 349 | 334 | 302 | 296 | 286 27 202 | 196 | 185 | 179 | 170 ;
29 397 [ 376 | 338 | 334 | 316 |. 29 235 | 228 |"217 | 212 | 202 14 8 | 0.165 | 0.920 | 0.665 0.3271 | 0.2409 | 2.09
31 472 | 454 | 430 | 424 | 400 | 31 275 | 270 | 255 | 245 | 235 9 | 0.148 | 0.95¢ | 0.714 0.2498 1.91
33 538 | 522 | 486 | 470 | 454 33 315 | 305 .| 297 | 288 | 275 10 [ 0.134 0.982 | 0.757 0.2572 1.75
35 608 | 592 | 562 | 548 | 532 35 357 | 348 | 335 | 327 | 315 11 0.120 1.01 .'0.800 0.2644 1.58
37 674 | 664 | 632 |: 614 | 598 37 407 | 390 | 380 | 374 | 357 12 0.109 1.03 0.836 0.2701 1.45
39 766 | 736 | 700 | 688 | 672 39 449 | 438 | 425 | 419 | 407 13 0.095 | 1.06 0.884 0.2775 1.28
. — 14 | 0.083 | 1.08 0.923 0.2839 1.13
134 in. OD tubes on 17§-in. triangular 15 | 0072 | 111 0.960 0.2896 0.991
pitch 16 | 0.065 1.12 0.985 0.2932 0.900
12 I 18 14 14 12 12 ; . 17 | 0.058 1.13 1.01 0.2969 0.808
1344 27 99 18 16 14 A 18 0.049 . |. . 1,15 1.04 0.3016 0.688
1534 36| 34| 32| 30| 27 .
17% 48 | 44 42 | 38 36 1% 8 0.165 1.17 1.075 0.3925 0.3063 | 2.57
19 61 58 55 51 48 i ‘ 9 0.148 1.20 1.14 0.3152. || 2.34
21 76 ] 70 686 61 10 0.134- 1.23 1.19 0.3225 |+ 2,14
2314 95| 91| 86| 8ol 76 11 | 0.120 .| 1.28 1.25 - 0.3299 1.98
9 115 | 110 | 105 | 98 95 12 0.109 1.28 1.29 i 0.3356 197
27 136 | 131 | 125 | 118 | 115 13 0.095 1.31 -1,35 0.3430 1.56
29 160 | 154 | 147| 141 | 136 14 0.083 1.33 1.40 0.3492 1.37
31 184 | 177 | 172 | 165-| 160 16 0.072 1.36 1.44 0.3355 1.20
33 215 | 206 | 200 | 100 | 184 16 0.085 1.37 1.47 0.3587 1.09
a5 246 | 238 | 230 | 220 | 215 17 0.058 1.38 1.50 0.3623 0.978
37 275 | 268 | 260 | 252 | 246 18 0.049 1.40 1.54 0.3670 0.831
39 307 | 299 | 290 | 284 | 275
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PROCESS HEAT TRANSFER APPENDIX OF CALCULATION DATA

TasLe 11, Dimuensions or Steen Piee (IPS) Tum‘.m ) :IF(;ULE.{CI Facrors*

Nominal 2 1 Bt .| Flow area Surf"?:.fe&_ﬁn t, Weighta Temperature of heating medium. Up to 240°F 240-400°F1 :
pf %311::19, OD, in. "Ny, 1D, in. peirnpg;pe, - 5 Plebl' lin ft, Temperature of water...................0.. 125°F or less Over 125°F K
, 10, : . Outside Inside steel -— ; A ; Water velocity, Water velocity, {
4 0.405 | 40* | 0,269 0.058 [ 0.106 | 0.070 0.25 Water S fps fps :
80t 0.215 0.036 0.056 0.32 ' I 3 it Over 3t Over {:
3 | o.540| 40* [ -0.364| 0.104| 0.141 | 0.005 0.43 =l sofiles| oAy jandlaay 93 b
807 0.302 0.072 0.079 0,54 Ses WALeE: « v vivevia v in i .+...| 0.0005 | 0.0005 | 0.001 | 0.001 &
Brackish water. . o i S 0,002 '| 0.001 | 0.003 |0.002 3
% 01679 ‘ég; g gg (0) igf 0.177 g%ﬁ ggi Cooling tower s,nd artxﬁcml $p;ay popd; ; i
L : ' ' Treated make-up....... i R i 0.001 | 0.001 |0.002 | 0.002 ;
1g 0.840 40* 0.622 0.304 0.220 0.163 0.85 Untreated...oovoiiivinvrainiompnanyives 0.003 0.003 0.005 | 0.004 :
80t 0.546 0.235 0.143 1.09 City or well water (such as Great Lakes) ..... 0.001 | 0.001 “| 0.002 | 0.002
3 68 40 | 0.824 o.651 | o9 | o.sie s Great Lakes............ e T Aor i 0:001 | 0.001 |0.002 | 0:002
80f | 0.742 |  0.432 0.194 1:48 River yatar: ol ' i
: L5 5771 1o} oo RN S SRS, S8 FRire .| 0.002 | 0.001 | 0.003 | 0.022 *'
1 1.32 40* | 1.040 0.864 | 0.344 | 0.274 1.68 MBSISBIPD ¢+« v 1 v e vqgeeeeee e ' .| 0.003 | 0.002 | o0.00¢ | 0,003 i
Con R o 0.250 2.17 Delaware, Schuylidill....... ... .. 0.003 |0.002 | 0.004 | 0.003 i
134 1.66 40* 1.380 1.50 0.435 0.362 .28 ) East River and New York Bny 0.003 | 0.002 | 0.004 | 0.003 @
— M 80t 1.278 1.28 i 0.335 3.00 v Chicago sanitary csumi.._... veu......|0.008 | 0.006 | 0.010 | 0.008 o
i i o Muddy orsilty................ v.ie...| 0.003: | 0,002 |0.004 |0.003
14 1,90 331 L 304 | e an 24 Hard {over. 15 grams/gn.l) : | 0.003 | 0.003 |0.005 |0.005
.50 . " 3. Engine ]acket Az 0.001 0.001 0.001 | 0.001
* 2.3 | 40* | 2.067 3.35 | 0.622 | 0.542 3.66 Distilled, . .| 0.0005 | 0.0005 | 0.0005 | 0.0005 i
o— - | 80f | 1.939 2.95 ) 0.508 5.03 Treated boiler feedwater. ... . .. ../ 0.001 | 0.0005 | 0.001 | 0.001 0
2344 2.88 ] 40* 92460 4.79. 0.753 0.647 5.80 ) Boilerblowdown..........coniiiuiinernnen 0.002 0,002 0.002 | 0.002 :r{
| 80t 2.323 4.23 0.609 7.67 + Ratings in the laat two columns.are based on & temperature of the heating medium of 240 to 400°F. 3
! If tho heating ‘medium temperature is over 400"1? and the cooling medium is known to scale these §
3 3.50 40* 3.068 7.38 0.917 0.804 7.58 ntulu should ba medified accordingly.
80t 2.900 6.61 0.760 10,3+~ Pgt‘roleum chtlon.a
4 4,50 40* 4.026 12.7 1.178 1.055 10.8... Oils ('Lndu.‘atrinl}: el = . Liquids ('mdus;nal]
8071 3.826 11.5 1,002 | 15:0-. P - 0005__.- [ e (T 0.001
_ Clean recirculating oil. , ., ..., :0.001 " Refrigerating liquids, heating,
i e ggf . ggg? %g? 1.734 & ig?g ég g ’ Machinery and transformer g 0',13 0 001_ : cooling, or evaporating..... 0.001
: _ Quenching oil.......... ceee . 0,004 Brine (c00lng).............. 0.001
8 8.625 40* 7.981 50.0 2.258 2.090 28.6 Vegetableoila............... 0,003 - Atmospheric distillation units:
8071 7.625 45.7 2.000 43 .4 Gases, vapors (industrial); : i Residual bottoms, less than :
10 10.75 s0* | 10.02 78.8 2.814 2.62 40.5 . Coke-oven gas, manufactured. _2_5_’A.PI ..... T sesenes 0.005
60 9.75 74.6 2.55 54,8 BAS: s e 0.01 Distillate bottoms, 25°API or
: Diesel-enging exhaust gas. . ... 0.01 - BBOVE.' v i e s 0.002
ii ii 35 %g ggg }lﬁ 3.338 | 3.17- 43.8 Organic vapors. . . 0:0005+" Atmospheric distillation units:
16 16.0 30 15.25 1;‘3 i?gg iég g%g Steam_ (non-oil beanng}' " Overhead untreated vapors... 0.0013
18 18.0 201 17.25 234 4.712 4.52 72.7 _Aleohol vapors S Overhead treated vapors. . ... 0.003
gg %g g %31 %!: %g 291 5.236 5.05 gi_.ﬁ Steam, exhaust (oil bearing —~*~*7 " - Side-stream cuts............. 0.0013
355 5.747 5.56. 4.0 from reciprocating engines) 0, 001 Vacuum distillation unita:
1 g 1
7 24.0 20° | 23.25 | 425 | 6.28 | 6.00 94,7 Refrigerating yapors. (condens- + ¢ | * Overbead vapors to oil:
* Cominonly known| as atandard, : . 'ing from reciprocating com- . ' me bubble tower (partial
t Commonly known aa extra heavy, © pressors), R e e o O {i gondenser), .o u e an 0.001
1 Approcimatsly, Al e LTS B LA T L 1, oL From fiash pot (no appreci-
G EEAURE At st s AN KT 1L PO T 0.003
* Landards of Tubular S.u;ﬁanger Manufacturera Au:n-mlwn. 2d ed., Nes York, 1948,

RN LR
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§ Rofors to & wet crude—any ¢rude that has not been dehydrated.
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35@1 _ PROCESS HEAT. TRANSFER
Tapre 12. Fouvrma Facrors.*—(Continied)
Overhead vapors in water- Tesnoil,......... T B e 0.002
cooled condensers: Overhead vapors. ........... 0.001 UTHOR INDE X
From bubble tower (final Gagsoline.................... 0.0005 - A
condenser),............. 0.001 Debutanizer, Depropanizer, De- . b i
; 5 A , Ri D., 53
‘E&um flash pot............ 0.04 pentanizer, and Alkylation A - : ?,:‘:'h; ;"' 20, 53, 253, 319, 377, 717, T18, 722,
Side stream: ;- : Units: 3 ) P 7;& 74T
Toolsme e 0.001 Feed..eeeenneeereeennns .. 0,001 :f:_?’-‘,-éh;f;‘; S Dunn, W. E., 553
TO WabEL s co v vnrarsennes 0.002 Overhead vapors............ 0.001 Anderson, E. D., 526 - Dusinbérre, G. M., 640
i Residual bottoms, less than Product coolérs;.........%... 0.001 Amold; J. H., 576 Dwyer, J. B., 674
20°APL vz smiainiy - 0.006 Product reboilers............ 0.002 Awbery, J., 21 E
i Distillate bottoms, over, ' Reactor feed................ 0.002 8
i i g (RN ... 0,002  Lube tréating units: ' Eagle; A., 155, 836
¢ | Netural gasoline stabilizer unita: Solvent oil mixed feed........ 0:002 Badgor, W, L., 403 E‘m“ﬁ_ Ré B;;,g“;;g”
A Peed. 0o ovnaviraaimmasilis 0.0005 Overhead vapors......... ... 0.001 Ralleyy A, 19 Eﬁl::n 3. E., 697, 706
o OH, VPO, .. ooveeen i ins 0.0006  Refinedoil.............oovee 0.001 e T
Product coolers and exchangers 00005 Refined oil heat exchangers ? Bays, G. B., Jr., 728, 746, T47 F
Produet reboilerd............ 0.001 water cooledf..... ... unis 0.003 Beiswengor, G. A., 353
H.3 Removal Units: Gums and tars? ! Boslter, L. M. K., 206, 605, 640 Ferguaon, R. M., 156, 836
¥ il Oil-cotled and steam geners Bollud, 4. L, 7 Finalborgo, A. C., 378
For overhead vapors......... 0.001 PRSI 0.005 Bonilla, €. F., 412, 521, 653 Fischer, F. K., 178
i oy 0 o BWERGG G reneriea ey 4 Boussinesq, J., 202- Fishenden, M., 77
%‘:ﬁ:{f’; exciabger ooloi, g%:g Water-cooled.............. 0.003 Bowmad, R. .ﬁEL 140, 5;7. 625, 727 Fisher, . C., 625 Lo Sios Ak 559
"""""""""" : e ey S A 00T Breidenbach, E. P 13 Fousier, 1. B., 11, 37, 86, 106, 107, 110, 144, 177.
Cracking units: Sohrant.. s R % Y Brenner, E., 718 omm'x. 205, 639, 641
G 3 feed: Deasphaltizing units: Bridgtan, P. W., 8, 30, 38 Friedman, B. J., 748
aao f “Oé,F - D 0 1 N M—— 0.002 Briot) M. B., 748 Friead; L., 601
nder 500°F..........oe - Solvent........ e 0.001 Brown, G. G., 350, 806, 807 Frits. W., 375-377
500°F and over............ '0.003 Asphalt and resin: Buckingham, E., 38 Furnas, C. C., 669
Naphtha feed: ' - Qil-dooled und: steam gener= c
Under 600°F.............. 0.002 BROTRT aie weihs 0.006 ¢
_5UO°F'and OV o ez 0 b0 0.004 y Wﬁf,er'—cnoled .............. 0.003 Cardihin, ¥, L., 821 ' Gaffert, G. A., 675
Separator vapors (vapors from Solvent VAPOTA. .. ...\ .vvnes 0.001 Carpenter, C. L., 246, 283 Garduer, I, A., 515, 538, 740
geparator, flash pot, and : ltned of Carnslaw, H. 8., 512, 040 Gibba, J. W., 252, 313
pera : Réfined 0l sioeoveninrienns 0.001 s, ot Bat ibk
vaporizer)........... siees .GI._DCIG g Refined oil watet cooled. .. ... 0.003: Ohaddook, . E., 626 glﬂmﬂ:n:;m ;l:ii. Rﬁ 8::-0493
Bubble-tower vepors......... 00002  Dewaxing units: Cherry, V. H., 840 o G:a.nt: L. :‘0_ 201, 202, 746
Residuum. .. ........oo0ees 0.010 LB Ol s e s 0.001 Chilton; T. H., 340, 674, 576, 717, 718, 722, 804 =\ 'py a4, 647, 648, 606
Absorption units: o1 1L SRR & S 704001 816 ; Guckert, F. A., 748
: : Golburn, A. P., 406, 09, 187, 160, 266, 270, 318, o b
1 0.002 Oil wax mix heating.......... 0.001 340, 564, 565, 570, 574, 576, 598, 716, 721, Gunter, A. Y.,
U R 0.002  Oil wax'mix cooling$......... 0:003 804, 816 e
t Preosutiona muat ba taken against dé::;ﬁanonl é\'nx. Cotnings, E].J..‘vl-\i:“:éﬁm H
1 e 0il Streams: Craig, H. L., 208
2 Haigler, E. D., 769
0-190°F |  200-299°F | _ 300-489°F | 500°F and.over Orpder, D. 8 378 Hashrall, F., 601
X : D Hawley, R. W., 668
- ; VZI':ENY. fps e —Th Haselton, R., 338
Under| 24 Under| 24 | Under| 24 | %+ | Under| 24 Do Lotento, B., 526 Hellgountadt, ., 965
and and and and odd; G. D., 400 Heilman, R. H., 18
21t 21 | ft. o | g 0] on | ow L Dodd; G. D, e
over |-~ . |, over e |over : over Dodge, B. F., 170, 664 ﬁﬂlportb e
g g . .’ +] . . " " L
Dry..|.0.003|0.002|0.002| 0.003|0.002]0.002( 0.004{0.003]0.002| 0.005/0.0040.003 Donoliue, D, 4130 847 iy
Salt§].0.003(0.002|0.002| 0.005(0:004|0.004 -0,006|0.005|0.004| 0.007 0.006/0.0056




APPENDIX D

Physical Property Data Bank

norganic compounds are listed in alphabetical order of the principal element in the
pirical formula,

Birganic compounds with the same number of carbon atoms are grouped together, and
pnged in order of the number of hydrogen atoms, with other atoms in alphabetical order.

i} = Number in list

PLIWT = Molecular weight

= Normal freezing point, deg C

= Normal boiling point, deg C

= Critical temperature, deg K

= Critical pressure, bar

= Critical volume, cubic metre/mol

= Liquid density, kg/cubic metre

= Reference temperature for liquid density, deg C
= Heat of vaporisation at normal boiling point, J/mol
VISA, VISB = Constants in the liquid viscosity equation:

H0G[viscosity] = [VISA] * [(I/T) — (1/VISB)], viscosity mNs/sq.m, T deg K.

DELHF = Standard enthalpy of formation of vapour at 298 K, ki/mol.
JDELGF = Standard Gibbs energy of f{)rm;uion of vapour at 298 K, kJ/mol.

ICPYAPA, CPVAPB CPVAPC, CPVAPD = Constants in the ideal gas heat capacit
Fequation:

E(p = CPVAPA + (CPVAPB) *T + (CPVAPC} T 2 4 (CPVAPD) T 3,
Cp  J/mol K, T deg K.

ﬁNTA ANTB, ANTC = Constants in the Antione equation:

. To convert. mmHg to-N/sq.m multiply by 133.32. ;

. To convert degrees Celsius to Kelvin-add 273.15, -

lTMN = Minimum temper4ture for Ahtoinc'consta'nt, deg C

TMX = Maximum temperature for Antoine constant, deg C

- Most of. the :values in this data bank were taken, with the permission of the publishe

| from: The Prbperties of Gases and " Liquids, by ‘Reid, R. C., Sherwood, '}“ K. ¢
Prausnitz; 3. M., 3rd edn, McGraw-Hill..

947

RN 318 RN G SRS
ST ST i R Rt PTH T LS T

R T T SRR e A R A S T R T B T Y RS R 4

(Ln (vapour pressure) = ANTA — ANTB/ (T + ANTC) ‘vap. press. mmHg, T deg K
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Sl Units

‘ An asterisk (*) denotes an exact relationship.

Length

Time

Area

Volume

Mass

Force

Temperature
difference
Energy (work, heat)

Calorific value
(volumetric)

*1 in.
*1ft
*1 yd

1 mile
*1 A(angstrom)
*1 min
*1h
*1 day

1 year
*1 in2

1 fi*

1 yd?

1 acre

1 mile?
1 in?

1 fd

1 yd -
1 UK gal
1 US gal
1 oz

*1 b

1 cwt

1 ton

1 pdl

1 1bf

1 kef

1 tonf
*1 dyn

*1 deg F (deg R)
1 ftlbf
1 ft pdl
*1 cal (internat.
table)
1 erg
1 B
1-hph
*1 kWh
1. therm
1 thermie

1 Bufd

25.4 mm
0.3048 m
09144 m
1.6093 km
10719 m
60 s

36 ks

864 ks
31.5 Ms
645.16 mm?
0.092903 m?
0.83613 m?
4046:9 m*
2,590 km?
16.387 cm®
0.02832 m’
0.76453: m’
4546.1 cm’
3785.4 cm’
28352 g
0.45359237 kg
50.8023 kg
1016.06 kg
0.13826 N
44482 N
9.8067 N
9.9640 kN
103 N

3 deg C(deg K)
1.3558 1
0.04214 1

4,1868 J
107 1
1.05506 kJ-
2.6845 MIJ
3.6 MJ
105.51 MJ
4,1855 MIJ

-37.259 Wim?®

Velocity

* Volumetric flow

o+ 'Mass flow

Mass per unit area

e - Density

; . Pressure

at ‘
v Power (heat flow)

Moment of inertia
Momentum

Angular momentum
Viscosity, dynamic

Viscosity, kinematic

Surface energy
(surface tension)
. Mass flux density
Heat flux density

Heat transfer
. coefficient ;
Specific enthalpy - .
« (laterit heat, etc.) -
“Specific heat capacity:
Thermal
conductivity
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s & B
— e B bt e e

—— b

*
— e b e e R

[
—

-

1
"1

—

1

ottt e uib il it ko s nebo ok s e e bR nin

ft/s

mile/h

‘s

ft/h

UK gal/h
US gal/h
1b/h

ton'h

Ib/in2

1b/fi?

ton/sq mile
Ibfin®

i

Ib/UK gal
Ib/US gal
1bffin.2
tonffin.2
Ibffft?
standard atm
atm (1 kgffem?)
bar

ft water

in. water

in. Hg
mmHg (1 torr)
hp (British)
hp (metric)
ergls

ft Ibf/s

Bwu/h

ton of
refrigeration

‘b £

Ib ft/s

1b fi/s

P (Poise)
Ib/ft h
Ib/ft s

S (Stokes)
ft*/h
erg‘k:rrl2

(1 dynfcm)
Ib/m 2
Btu/h fi?
kcal/h m?

Bt/ fi F

Btu/lb
Btu/lb °F
Btwh ft °F
keallh m °C

Vﬂme temperature difference is involved K ="C.

0.3048 m/s
0.44704 mfs
0.028316 m/s
7.8658 cm’/s
1.2628 cm?/s
1.0515 cm’/s
0.12600 g/s
0.28224 kg/s
703.07 kg/m?
4.8824 kg/m?
392,30 kg/km?
27.680 glem?
16,019 kg/m?
99,776 kg/m?
119.83 kg/m?
6.8948 kN/m?
15.444 MN/m*
47.880 Nim?
101.325 KN/m?
98,0665 kN/m?
105 N/m?
29891 kN/m?
249,09 N/m?
33864 kN/m?
133.32 N/m?
745,70 W
73550 W
1077 W
1.3558 W
0.29307 W

3516.9 W
0.042140 kg m?
0.13826 kg m/s
0.042140 kg m?/s
0.1 N* s/m?
0.41338 mN s/m?
1.4882 N s/m?
1074 m?fs
0.25806 cm?*/s
1073 Jm?

(10~3 N/m)
1.3562 g/s m?
3.1546 W/m?
1.163 W/m?

56783 Wim? K

2326 Kl/kg
4.1868 kI/kg K
1.7307 Wim K
1.163 Wim K

iom MULLIN, J. W.: The Chemical Engineer No. 211 (Sept. 1967), 176.
SI units in chemical engineering.)
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Avogadro's number

Btu.fuftt-h.°F

calr

particles/g mol

W-m/m?-°C
kcal/m-h-K
B

6.022169 x 10%

1.73073
1.488
3.0683 x 107

[ b et et - i T }
Conversion Factors and : 4

- i if
] Constants of Nature il | ,_-.;
P o _ %
i

i

i

' £

. Wl PECE RIS SR ST prscpre s A T P R S SR B arsriadty seTORY et Bl et AL St e Tt AR . ‘J

“. To convert from i - To Multiply by' :

acre e 43,560° :

m? 4,046.85 :

atm Nim? 1.01325° x 10° i

1b /in? 14.696 s.,f_

bbl (petroleum) fl 5.6146
gal (U.S.) 42* 4
w 0.15899 . 4
“bar N/m? 1* % 10°
Ib,/in.? 14.504
% Boltzmann's constant WK 1.380622 x 10> .
Btu calyr 251.996 i
ft- o, 7718.17
] * 1,055.06 :
kWh 2.9307 x 107* ;
Btu/lb . calylg 0.55556 ' :
- Btu/lb-°F cal/g-°C 1* 3
Bru/ft'-h Wim? 3.1546 )
" Bu/f-h-°F, Wim?-°C 5.6783 :
keal/m?-h-K 4.882

A s

ft-Iby 3.0873 : :
I e 4.1868° : 7
cal J 4.184° : r;;';
em in. ' 0.39370 ;

ft

0.0328084
3531467 % 10°
264172 x 107

(grontinue

iRy
e S A T




e a e

SRRSEE

SEOTASARE Sams

etk ssbebvekeany g

s B R B o st i

1 2 ion Factors and Constants of Nature
APPENDIX 1: Conversion Factors and Constants of Nature” ¥ APPENDIX 1; Conversion
) i i Ty HARRE SRR e 1T e e
Lt v, TN P T PR TR L TL T T R AL 8 e 2 - AL pee et - BeaEhET g SR '-I'I; nRe i RmAm ot Multiply bf'
To convert from To Multipty ty! 1 To convert from 6.626196 x 107
cP (centipoise) ré!&m s 1* % 1073 m‘m;l’;'lsjcsn;lslnﬂt '::ml alcohol by volume ?‘g‘_ .
‘h 24191 proof (U.S. 016
Ib/ft-s “6.7197 x 10~ {  ton(long) E 2,240°
¢St (centistoke) m/s 1* x 1076 Ib o
faraday Clg mol 9,648670 x 10* ton (short) Y '..ogg :
ft m 0.3048° t (metric) b 104
ft-1b, i Bu 1.2851 x 10 o 30 )
calgr 0.32383 yd o %
1 1.35582
ft-1b /s ¥ i s efinition.
n E:J"'h ':gfgfs r— tValues that end in an asterisk arc exact, by d
ft*/h m¥s 2581 % 107 %, |
em?ls 0.2581 g
fi! m 0.0283168 "
gal (U.5.) 7.48052
: L 2831684 )
ft'-atm Btu 2.71948 %
calp 685.29
J 2.8692 x 107 : ‘
fi'ls gal (U.S.)min 448,83 :
gal (US.) e 0.13368 i
; in? 231° |
gas law constant, R, see Table 1.2, p. 11 E
gravitational constant N.mkg? 6.673 x 10°" :
gravity acceleration, standard m/s? 9.80665*
min 60*
5 3,600*
hp Buw/h 2,544.43
kW 0.74624
hp/1,000 gal kW/m? 0.197
in. cm 2.54*
in.2 cm’ 16.3871
1 erg 1* x 107
fi-1t, 073756
kg Ib 2.20462
kWh Btu 34121
L m’ 1* % 1072
Ib ke 0.45359237* . =
Ib/f? kg/m? 16.018 ;
glem® 0.016018 "
Ib/in.? Nim? 6.89473 x 10°
Ib mol/fi®.h kg moU/m?.s 1.3562'x 107
. mollem®-s 1.3562 = 10~
light, speed of m/s 2.997925 x 10°
m ft 3.280840
in. 39.3701
m’ fi! 35.3147 ’
5 gal (U.5.) 264.17
N y dyn 1" x 10°
b, 0.22481
Nfm? Iby/in ? 1.4503 x 107
{Continued)
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APPENDIX 3

Dimensions, Capacities, and Weights
of Standard Steel Pipe'

TN L = et s e

T Cross'- )
» Noti ! sectional Circumference, Capacity at
ominal Qutside Wall Inside areaof Inside ft or surface, 1 ft/s velocity

pipe  diameter, Schedule thickness, diameter, metal, sectional It /Lt of length

size, in. in, i ] US.  Water,

in. in®  area,f* Outside Inside gal/min  Ib/h
i 0.405 40 0.068 0269 0072 0.00040 0.106 00705 0.179 89.5 0.4
A 80 0.095 0215  0.093 000025 0.106 00563 0113 565 031
i : :g g 088 0364 0125 000072 0.141 0095 0323 1615 042
. @ 1 . 4 ¥isi
i o06ls 40 o;? 0302 0157 000050 0141 0079 0224 1120 054 ok
o 43125 0:493 0.167 000133 0177 0129 (.59 2980 057 . o e i o S TR T
; 0423 0217 000098 0.177 0.111 044 bl R
I - 2 8 440 2200 074 " Capacity at
{080 40 0109 062 0250 -000211 0220 0163 0945 4120 o Yl Cross- cf’:'::’::ff:::f' VEIOCith, - elacity
: o 80 0.147 0.546 0320 000163 0220 0.143 0730 3650 1.09 Outside _‘MCKNeSS  ypside  sectional Inside oo iladts M:’J .f;r 1 e
i d 40 0.113 0.824 0333  0.00371 0275 0216 1,665 - 8325 113 - diameter, BWG dismeter, ~ area  sectional  ___———— ¢ . ; " 1wh’ i -
1 1.315 80 0.154 0,742 0.433  0.00300 0.275 0.194 1.345 672.5 1.4;: in. no. in. in. metal, in? area, f® Outside Inside gal/min gal/min
. :g 0.133 1049 0494 000600 0344 0275 2690 1345 168 i 12 0109 0407 077 0000903 01636 01066 2468 04053 2027 0602
1 i:660 0.179 0.957 0.639  0.00499 0344 0250 2240 1,20 217 14 0083 0459 0.141 000115 © 0.1636 0.1202 -1.938 05161 2581 0479
L : 10 0.140 1380 0668 001040 0435 0361 457 2285 227 16 0065 0495  'O.l4 000134 01636 01296 1663 06014 3007 0388
g ; 80 0.191 1278 0881 0.00891 0435 0335 399 1995 300 18 0049 0527 0080 000151 01636 01380 1476 06777 3389 0303
booo1900 40 0.145 1610 0800 0.01414 0497 0421 634 3170 27 3 12 0109 0.532 0220 000154 0.1963 0.1393 1447 06912 3456 g;;z
. 80 0.200 1.500 1.069 001225 0497 0393 549 2745 163 14 0083 0584 0.174 000186 01963 01529 1198 08348 4174 i
2 2375 40 0.154 2067 1075 002330 0622 0541 1045 5225 365 16 0065 0620 0140 000210 01963 01623 1061 0.9425 4'2:{1}‘2 i
2 80 0218 1939 1477 002050 0622 0508 920 4600 502 18 000 062 0108 00032 01963 01707 02 LOA 3 s 089
{ 2.875 40 . 0203 2469 1704 003322 075 0667 1492 gy ool . 12 0109 0657 0262 000235 02291 01720 0948 1055 :2;.0 i
§ e 80 0.276 2323 2254 002942 0753 0608 1320 6600 166 16 Wy haey oo, Dol “‘lgiﬁ gg;i :i:g aslso‘u 0.561
: 40 0.216 3.068 2228 005130 09 ) g : 16 0065 0745 0.165 000303 02291 0. ; : 0 D
; ’ . : 916 0.803  23.00 11,500 7.58 : : - ' 1477 7385 0432
80 0.300 2.900 3.016 0.04587 0 ! : 18 0049 0777 0.127 000329 02291 -0.2034  0.678 ¢ .
. . 2 916 0759 2055 10,275 : : 6550 1237
3 4000 40 0226 : 1025 0364 000202 02618 01916 0763 .1310 ]
3 } 3548 2680 0.06870 1.047 0929 30.80 ! 10 043 033 ‘ : o
! . : 15400 0.1 ; 1499 7500 1037
T e @G B aemoomm oo om mo nm o B o wm o Lw ot oame M m ms im
" B 03 ten  aa UGB LITE LM 26 1940 10 16 0065 0870 0191 000413 02618 03278 0538 1854 9270 064
A 5 5 i s 41 007986 1178 1.002 358 17,900 1498 " 10 0134 0982 0470 000526 03272 02571 0424 2361 L1811 5:3
- . d 430  0.1390 1456 1321 - 623 31,150  14.62 12 0109 1.032 0.391 0.00581 03272 + 02702 0384  2.608 1304 13

r 80 0.375 4813 6.11 0.1263 1.456 1.260
6 6.625 40 0.280 6.065 5.58 0.2006 1.734 1588 ;;;
i viss Eg . g:ii 5.761 8.40 0.1810 1.734  1.508  81.1
; 7.981 8396 0.3474 2258 2089 1557
i A% ig E;gﬂ 7.625 12.76 0.3171 2258 1996 1423 71150 4339
" 365 10.020 11.91 0.5475 2814 2620 2460 123,000 4048
% - o 3.594 9.562 18.95 0.4987 2814 2503 2234 111,700  64.40
406 11.938 15.74 0.7773 3338 3.3 3490 174500  53.56
80 0.688 11374 26.07 0.7056 3338 298 3167 158350  88.57

Based on ANSI B36.10-1959 by nermission nf ASME

28,850  20.78
45,000 1897
40,550  28.57
77,850 2855

Ll 'mew

APPENDIX 4

Sl '«--a--m;-mws-a-a-«'-ag'-ms'ﬁ:wa:waﬂhk-.‘"—'ﬂm‘ﬁz‘uﬁ.iwww««;-.-m&.—_e.z-«w-*-r:;-.-:s-'.ms:vt.r&:t-ﬁ..m:w.r- e e

Condenser and Heat-Exchanger
Tube Data’

14
16

13 10
12

14

2 10
12

0.083
0.065
0.134
0.109
0.083
0.134
0.109

1.084
1.120
1.232
1.282
1.334
1.7132
1,782

0.304
0.242
0.575
0.476
0.370
0.7855
0.6475

0.00641

0.00684 -

0.00828
0.00896
0.00971
,0.0164
0.0173

03272
0.3272
0.3927
0.3927
0.3927
0.5236
0. 5236

0.2838  0.348
02932 0326
03225 0269
03356  0.249
0.3492+ 0229
0.4534  0.136
0.4665 0.129

2.877
3.070
3.716
4.021
4,358
7.360
1.764

1,439
1,535
1,858
2,011
2,176
3,680
3,882

1.033
0.823
1.955
1.618
1.258
2,68

222

tCondensed, by permission, fromJ. H. Perry (ed.). Chemical Engmeers Handbaok. 5

McGraw-Hill Book Company, New York.
Rnr nr»l for coooer. multiply by 1.14; for brass, muluply hy 1.06. 18“’352]‘{:13 ore | nSt!tuto &

et ey e

T

th ed.; p. 11-12. Copyright © 1973 .
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APPENDIX 2 . T e Definti
u
% S N H— Ma Mach number Y
Dimensionless Groups ‘ 2
i : N,, Aeration number = D,’,
& P,
;3‘ Np Power number pniDS
| %
i 49
F: Ng Flow number aD}
i £
_ hD
Nu Nusselt number &
. D‘? D“a
%, Pe Peclet number = g, s
1 o
i Pr Prandtl number k
O T R R A R o RSt e s i i s DG
i Symbol Name B Definition Re Reynolds number "
7:': ; " I hs uko
Bi Biot number = for slab N, Separation number g——p
hre, . [
— for cylinder or sphere Se Schmidt number Doup
2Fp. keD
Cp Drag coefficient — ber T
g pi2A, Sh Sherwood num D,
E B [+ D pvl
o ourier number " We Weber number N
i
Fr Froude number —
gL
5 L g Apse D
f Fanning friction factor p,:_
2LpV?
; L3p?Bg AT
Gr Grashof number £ ﬁlg
w
me
Gz Graetz riumber —£
kL
Gz' Graetz nurber for rrass transfer 4
pD,L ;
T TR L
j Heat-transfer factor (.f.__ (_._
; I8 G\ k ) AR
” kM [ o \PP
] Mass-transfer factor —_
" : G ( D..p)
(Continued)



A PPEN DIX 7 '
| -Enthalpll". ;Ztuflb I

. . ddoy o . Temperature Vapor Specific volume, ft”/lb Biallb i
2 T, pressurep,,  Liquid  Saturated Liquid  Vaporization ' 'Saturated i
P 1 OpCI'tICS Of S aturated "'F Ib /in! v, vapor v, H, by vapor H, |P<
220 17.188 0016772 23.5 188,22 9653 1,153.5 :
Steam and WaterT 230 2078 0.016845 19.386 , 198.32 1958.8 1,157.1 :
* 240 2497 0.016922 16327  208.44 9523 1,160.7 };
250 29.82 0.017001 13.826  218.59 945.6 1,164.2 !
260 35.42 0.017084 11768  228.76 938.8 1,167.6
270 41385 0.017170 10066  238.95 932.0 1,1709 f
» 280 49.18 0.017259 8.650  249.18 924.9 1,174.1 i
290 57.53 0.017352 7467 259.44 917.8 1,177.2 by
300 66.98 0.017448 6472 269.73 9104 1,180.2 0
310 77.64 0.017548 5.632.. 280.06 903.0 1,183.0 [
320 89.60 0.017652 4919 290.43 895.3 1,185.8 3
340 117.93 0.017872 3792 311.30 879.5 1,190.8 _
% 350 134.53 0.017988 3346  321.80 8713 1,193.1
360 152,92 0.018108 2961 33235 862.9 1,195.2
370 173.23 0.018233 2628 34296 854.2 1,197.2 !
1 ——— 380 195.60 0.018363 2339 353.62 8454 1,199.0 j
Temperature  Vapo Specific volume, £6/1b e o 390 2202 0.018498 2087 36434 836.2 1,200.6 :
T, pressfmrp it Enthalpy, Btu/lb 400 247.1 0.018638 1.8661  375.12 826.8 1,202.0 i}
oF Ib,/in.? A :]Ju S‘::urated Liquid  Vaporization  Saturated 410 . 2765 0.018784 1.6726  385.97 817.2 1,203.1 |
; por-v, H, A 420 % 3085 0.018936 1.5024  396.89 807.2 1,204.1 }
;2 0.08859  0.016022 3,305 0 ’ T 430 343.3 0.019094 13521  407.89 796.9 1,204.8 ;
3 009992  0.016021 2,948 3.00 1075.4 1,075.4 440 381.2 0.019260 12192 41898 786.3 1,205.3 i
3{5} 0.12166  0.016020 2,445 8.02 {‘333‘7 1,076.7 450 422.1 0019433 11011 430.2 7154 1.205.6
0.147 i . ¥ 9 1, ) = T 5:
50 : ]_’_ng 0.016021 2,037 13.04 1,068.1 1 g;? ? t Abstracted from Steam Tables, by Joseph H. Keenan, Frederick G. Keyes, Philip G. Hill, and Joan G. Moore, John
55 0-2140 0.016024  1,704.2 18.06 1,065.2 1.033. Wiley & Sons, New York, 1969, with the permission of the publish i
60 0.2563 g'giggig 15056 2307 1,062.4 10853 ' i
65 : : 1,206.9 28.08 1.059. ey 3 £ i B
70 033 ol | mer3 300 10568 10899 Lodend- haed 4 V?"fk" iy dokirad ag P W (e
25 : : 38.09 1,054.0 1092, . - £ e d /
80 D ek nu 4309 10511 10042 ™ webwey, & 4 oo Jf o Voo Ly
85% 0.5064 Bt . 48.09 1,048.3 '096. P {
i .016085 543.1 1048, 1,096.4 Ssgm e M) 0-1/ B Irdo v
90 . 53.08 1.04 ' 7
o . osw doam e mu  ltar Lo ‘
100 o8l . Gosht  dbio 63.06 1,039.8 1,102.9 !
110 12763 0 16130 350.0 68.05 1,037.0 1,105.0 ; :
.. 120 1.6945 o 7802 1,0314 1,109.3 /
% g i 8.016205 203.0 88.00 1,025.5 1,113.5 '
. 140 s 0.01624? 157.17 97.98 1,019.8 11178
150 s 016293 122.88 107.96 1,014.0° 11219
160 4.745 | s Losd 1,126.1
170 5.096 77.23 127.96 1,002.2 1,130.1
180 7.515 6202 13797 996.2 11342
190 9.343 50.20 147.99 990.2 11382
200 11.529 40.95 158.03 984.1 1,142.1 ‘
210 14.125 g:’;gg :_6,2—07 9719 1,145.9
212 - 14 971. ;
14.698 0016716 2680  180.16 9?0.2 }}232
} (Continued) :
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APPENDIX 5 ' (
'
»
Tyler Standard Screen Scale
This screen scale has as its base an opening of 0.0029 in., which is the opening in
i 200-mesh 0.0021-in. wire, the standard sieve, as adopted by the National Bureau of B ' d
Standards. _ ; ) .
Clear Clear Approximate Wire ¥
it Mesh - opening, in, opening, mm opening, in. diameter, in. )
1.050 26.67 ] 0.148
i t 0.883 22.43 1 0.135
4 0.742 18.85 : :0.135
t 0.624 15.85 3 50120+
0.525 : 13.33 s 0.105+
t 0.441 11.20 - 0.105 : _
B 0.371 9.423 ! 0.092 PSR- T 1) g ; 2,19
241 0.312 7.925 H 0.088 . g T“c:.m.‘t'l, . Density p, . V= (%5)
g 3 0.263 6.680 1 0.070 Temperature T,  Viscosity' p, conductivity* &, e
i i Btu/ft-h- °F
i 34t 0.221 _ 5.613 1 0.065 °F ik oy | 410
lg 4 0.185 : 4,699 ‘f‘E 0.065 12 1.794 0.320 62-43 1,590
i 5t 0.156 3.962 3 0,044 40 1.546 o 62.42 1810
g 6 0.131 3327 - 1 0.036 50 1310 3-340 62,37 2,050
i 7 0.110 2794 % 0.0328 60 1.129 s 6230 Jax
g 8 0.093 2.362 & 0.032 70 sl 0352 62.22 i
i ot 0.078 1.981 & 0.033 80 g‘ggi 0.358 62.11 ?Ez .
s 10 0.065 1.651 & 0.035 20 0682 0362 62.00 e
12t 0.055 1397 ‘ 0.028 100 0.559 0371 61.71 g
14 0.046 1.168 | 3 0.025 120 0.470 0378 61.38 pi
161 0.0390 0.991 _ 0.0235 140 8,401 0.384 61.00 0
0 - © 0.0328 0.833 ' 4k 0.0172 160 6347 0.388 60.58 P
24t 0.0276 . 0.701 0.0141 : 180 0.305 0.392 60.13 %580 :
28 0.0232 0.589 0.0125 200 0.270 0.394 59.63 <120
32t 0.0195 0.495 0.0118 o eda 0.396 59.10 £.830
35 0.0164 0.417 & <None> 0.0122 24 6ot 0.396 58.53 251 M
421 0.0138 0.351 0.0100 260 2198 0396 57.94 %10 .
48 0.0116 0.295 0.0092 igg 6185 0.396 5731 s
60t 0.0097 0.246 0.0070 : = 1929, p. 10.
65 0.0082 0.208 0.0072 From International Critical Tables, vol. 5, McGraw-Hill 'Boo}'. Co:11_p;:n(g.;.gt:;;\r York, 1929, p =
80t 0.0069 0.175 0.0056 tErom E. Sc.hmidl and W. Sellschopp, Forsch. Geb. fngemeurwlu K4 P d_lr:Slen"L John Wiley & Sons., Inc..
o a0 it Gllins tCalculated from J. H, Keenan and F. G. Keyes, Thermodynamic Froperries
115t 0.0049 0.124 0.0038 e York, 1937,
150 00041 0.104 0.0026
1701 0.0035 0.088 . 0.0024
200 0.0029 © 0.074 0.0021
270 0.0021 0.053
325 0.0017 0.044

"These screens, for closer sizing, are inserted between the sizes usually considered as the standard series, With the in-
clusion of these screens the rafin of di nf inee in hon t : L I

R
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~
iqui X Y ;

fAsamANLIAA Y No. Liquid X Y No. | Liquid =
b 137 1 /
| | i i 2 258 70 [oluene A3 }
; AT e S RN o o 3 e 63 go:l;:m:i Ihﬁ;t;x:de, 50% 12_2 s 2 D i ::(B} 122 IE
| Lti . - T II g: S:lfu:iclgcid. 98% 70 248 72 :ﬁntylracclale 1(}-_2 s Il
Viscosities of Liquids 8 e 2 m 5 |
67  Tetrachloroethane 119 157 74 o-)}({y ;:nec % i ;
= en !
68  Tetrachloroethylene 142 127 75 | m : y] . e L
69  Titanium tetrachloride 144 123 76 | p-Xylen :

i i t page. f
Coordinates for use with figure on nex . .I
I - -213. Copyright ©
'By permission, from J. H. Perry (ed.), Chemical Engineers’ Handbook, ?Ih ed., pp. 3-212 and 3-21 pyrigh
1973, McGraw-Hill Book Company, New York.

R A e M ISR RS A 428 e PR INATIE N A e : -;; A
No. Liquid X Y |No. Liquid X Y $O5 . i
| Acetaldehyde 152 48 | 32 Ethyl chloride 148 60
2 Acetic acid, 100% 121 142 | 33 Ethyl ether 145 53
3 Acetic anhydride 127 128 | 34 Ethyl formate 142 84 :
4 Acetone, 100% 14.5 7.2 | 35  Ethyl iodide 147 103 :
5 Ammonia, 100% R 2.0 | 36 Ethylene glycol 60 236 ! _ 4
6  Ammonia, 26% 10.1 139 | 37  Formic acid 10.7 158 5
7 Amyl acetate IL&. 125 | 38  Freon-12 16.8 5.6 ) ;
8 Amyl alcohol 75 184 | 39 Glycerol, 100% 2,0 300 i
9  Aniline 8.1 187 | 40  Glycerol, 50% 69 19.6 j
10 Anisole 123 135 [ 41  Heptane 14.1 8.4 5
Il Benzene 125 109 | 42 Hexane 147 10
12 Biphenyl 120 183 | 43 Hydrochloric acid, 31.5% 13.0 166 :
I3 Brine, CaCl,, 25% 66 159 [ 44  Isobutyl alcohol 7.1 180 .
14 Brine, NaCl, 25% 102 166 | 45 Isopropyl alcohol 82 160 '
15 Bromine 14.2 132 | 46 Kerosene 10.2 16.9 {
16 Butyl acetate 123 110 | 47  Linseed oil, raw 75 212 4 {
17 Butyl alcohol 86 172 [ 48 Mercury 184 164 . ’
18  Carbon dioxide 11.6 0.3 [ 49  Methanol, 100% 124 105 ' :
, 19 Carbon disulfide 16.1 75 | 50  Methyl acetate 142 82
2 Carbon tetrachloride 127 131 | 51 Methyl chloride 15.0 3.8
21 Chlorobenzene 123 124 | 52 Methy] ethyl ketone 13.9 8.6
2~ Chloroform 144 102 | 53 Napthalene _ 79 181
» 23 m-Cresol 25 208 | 54  Nitric acid, 95% 128 1338
24- Cyclohexanol 29 243 [ 55  Nitric acid, 60% 108 170 P
25 Dichloroethane 132 122 | 56  Nitrobenzene 106 162
26 Dichloromethane 14.6 89 | 57 Nitrotoluene 11.0 17.0 ¢
27 Ethyl acetate 13.7 9.1 | 58 Octane 13.7 10.0 .
28 Ethyl alcohol,100% 105 138 | 59 Octyl alcohol 66 211 - - !
29 Ethyl alcohol, 95% 98 143 | 60  Pentane 14.9 52 '
30 Ethyl alcohol, 40% 65 166 | 61  Phenol 69 208 .
31 Ethyl benzene 13.2 115 | 62 Sodium 164 139

(Continued)
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APPENDIX 8

Dieaspage “,u. £

\ﬁSCOSﬂleS(If(}aSGS

z
e

Gas X Y

et v RNl sty o s

Gas

Bt tmim i

R SO

b4

1 Acetic acid  for 14.3 <29 Freon-113 11.3 14.0

2 Acetone ; - 89 13.0 30 Helium 10.9 205

3 Acetylene 9.8 14.9 31 Hexane 8.6 11.8

4 Air 11.0 20.0 32 Hydrogen 11.2 124

5 Ammonia 8.4 16.0 33 3H, + N, 11.2 17.2
6 Argon 10.5 22.4 34 Hydrogen bromide 8.8 20.9
7.  Benzene 8.5 13.2 35 Hydrogen chloride 8.8 18.7
8 Bromine 89 19.2 36 Hydrogen cyanide 9.8 149
9 Butene 9.2 13.7 37 Hydrogen iodide 2.0 213
10 Butylene 8.9 13.0 38 Hydrogen sulfide 8.6 18.0
11 Carbon dioxide 9.5 18.7 39 Iodine 9.0 18.4
12 Carbon disulfide 8.0 16.0 40 Mercury 53 229
13 Carbon monoxide 1.0 200 41 Methane 9.9 15.5
14 Chlorine 9.0 18.4 42 Methyl alcohol 8.5 15.6
15 Chloroform 8.9 15.7 43 Nitric oxide 10.9 205
16 Cyanogen 9.2 15.2 44 Nitrogen 10.6 20.0
17 Cyclohexane 9.2 12.0 45 Nitrosyl chloride 8.0 17.6
18 Ethane 9.1 14.5 46 Nitrous oxide 8.8 19.0
19 Ethyl acetate 8.5 13.2 47 Oxygen 11.0 21.3
20 Ethyl alcohol 9.2 14.2 48 Pentane 7.0 12.8
21 Ethyl chloride 8.5 15.6 49 Propane 9.7 12.9
22 Ethyl ether 8.9 13.0 50 Propy! alcohol 8.4 13.4
23 Ethylene 9.5 15.1 51 Propylene 9.0 13.8
24 Fluorine .73 23.8 52 Sulfur dioxide 9.6 17.0
25 Freon-11 10.6 15.1 53 Toluene 8.6 12.4
26 Freon-12 11.1 16.0 54 2.3.3- Tnmelhylbutane 9.5 10.5
27 Freon-21 10.8 153 55 Water 8.0 16.0
28 Freon-22 10.1 17.0 56 Xenon 9.3 23.0

Coordinates for use with figure-on next page.
'By permission, from J. H. Perry (ed.), Chemical Engineers' Handbook, 5th ed., pp.3-210 and 3-211. Copyngh[@

1973, McGraw-Hill Book.Company, New York.

SRR

Temperature
Deg. C. Deg. F.

=100 =
"].

LY TR AT

Viscosity
Centipoises

S
5 8

0 L
SamEEEEE
A R A
A
100 = 24 H-H lll EE] 1
1 22 %
o 300 [ I
¥ 201711 |
200 '—— 400 18 } ||
= 16 b T
il nEunE
W4 gop * M T
= 12 i
1700 o
400 = 10 1]
1 800 R
1 900 8 [ {T)
500 4 . —
1000 6k 1
600 - 1,100 4 b —
L1200
700 — 1,300 2 HHH
- 1,400 '
300._.—_1’500 0 2 4 & g 10 12 14 16 18
T 1,600 X
900 — 1,700
1000 — 1:800

Viscosities of gases and vapo

rs at 1 atm; for coordinates, see table on previ

0.1
0.09
0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01
0.009

0.008

0.007

0.006

0.005

ious page.

ST



APPENDIX 11 5 )
Apparent FRTCIen
T : e, R _ density Temperature conductivity k, S_(
b Material p, Ib/fE T,°C Btu/h-ft*- (CF/t)
ermal C s - : :
” onductivities of Various Granie - 2 1023 -.
OlldS an d III . . i Ice 57.5 0 13 i
> sulating Materials Insulting mateials -
Fiberglass batts* 6 20 0.019 :
" i 6 150 0.021
6 200 0.035 ;
: 9 20 0.018 i
i 9 , 150 0.023 A
. Kapok 088 20 0.020
Polystyrene foam® 1 .20 0.023 fi
i 2-5 20 0,020
Polyurethane foam* (made 1.3-3.0 T 0.014
. with fluorocarbon gas) 4-8 — 0.018
P Polyurethane foam* (made 13-30 =i 0.018 4
with CO,)
e b % o Wall board 14.8 21 0.028 :
& Aé’el::]a;em _ Then":‘:l'aj.. Magnesia, powdered 49.7 47 0.35 ,:
Material o Ib;;ty-‘ ' Tem;e:-(a:mm conductivity k, Papci": P s — 0.75 5‘
! ’ Btwh . ft*. (°F s . A
Asbestos 29 o o) Porcelaig — 200 0.88 it
26 ' 0. 3‘323 Rubber, soft ) — 21 0.075-0.092 4
; 6 : 4 g
Bricks 400 0.129 Snow 34.7 0 0.27 g
Alumina Wood (across grain)
g:ri:)ding brickwork - 1-3;3 2.7 Oak - 515 15 0.12
on : 0.4 Maple 44.7 50 0.11
. 96.7 — P 8
Fire clay (Missouri) _ 500 3.0 - Pine, white 34.0 15 0.087
0.58 y
il 1,000 0.95 Woﬂ?d (parallel to grain) !
Kaglin insulating firebrick E 1,400 1.02 Pine 34 = e 1-_'
sil ) 19 .%gg 0.050 *From ). H. Perry (¢d.), Chemical Engineers' Handbook, 6th ¢d., McGraw-Hill, New York, p. 3-260, except as noled: I
ilicon carbide, recrystallized 129 600 18';]3 *From Heat Transfer and Fluid Data Book, vol. 1, Genium Publishing Corp-, Schenectady, NY, 1984, sect. 515.24, .
L4 i ' |8
129 1 o P 1. ) b
I 129 1‘%2 8.0 $From Modern Plastics Encyclopedia, vol. 65, no. 11, McGraw-Hill Book Co., New York, 1988, p. 657. i
. Cardboard, corrugated o] - . I
» " Concrete Ci 037
-~ Clinker - -
Stone : =— 0.20
1:4 dry _ - 0.54
c i 0.44 b
ork, ground 9.4 | 30
Glass 0.025
Borosilicate !
Window 139 30-75 0.63 )
== 0.3-0.61

(Continued) .
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APPENDIX 10

e S AR e T b T e i @
Temperature ' 1vit] MetalST
R ol Viscosiy Thermal Conductivities of
eg. C. Deg.F. Centipoises .
200 — : — 100 i
Yoo I~ 380 -
: L ~ 80 Sas e =
4 - 360 - T o
_'-I:- 140 _..- - 60 g?-] ﬁﬁmf:'?: W% £
170 —— 340 C ’
??3 160 —— 320 40
' 150 - 300 3 '
i 140 L 280 - *
B30 260 20
120 &
4+ 240 -
110 - i e
T 220 30 2= AR R B B £ i e Mo oA e R SRR
100 —| E 19 SRR Thermal conductivity k*
- 200 28 — 8 o
90 - u Siiia 32°F 64°F 212°F
g e 26 - 6 = aas 119
BO —__ 54 = Aluminum “{é P 9.7
a0 - 160 = 4 Antimony . 56. 60
1 22 E g’;ﬁﬂﬂ”"""" 303ne) 537 522
il 20 E. Copper (pure) 224 s
o1 g - I}’g 169.0 170.0
: I e 18 3 ; Irgn (cast) ? 34.9 :;3‘6
P i - E:Ed(wmughl] 20 19 ¢
- L 92
o 14 b Magnesium 92 8 % '
180 s - E Mercury (liquid) 32’ 34
2 R Nickel 402 419
- 60 10 L 0.6 g!?l‘;“m 242 23§
10 - - . >
. 8 AN Sodium (liquid) 26 1
—~ 0.4 Steel (mild) 25.9
0 ]' 6 1 Steel (1% carbon) 26.2 9.4 ;
L 20 ’ = Steel (stainless, type 304) 9.4 E
-10 4 3 Steel (stainless, type 316) 93 g
3 5 0.2 Steel (stainless, type 347) ey
-20 o 0 E Tantalum 34 R
N ‘. - Tin 36 64
- 0 2 4 6 8 10 12 14 16 18 20[ Zinc &
-30 -~ —20 X — 0.1

tBased on W. H. McAdams, Heat Transmission, 3rd ed., McGraw-Hill Book
Company, New York, 1954, pp. 445-447.

Viscosities of liquids at 1 atm. For coordinates, see table on i
' revious page. |
| p o 1, = Btw/ft- h-°F, To convert to W/m-°C, multiply by 1.73073.




APPENDIX 14

Specific Heats of Gases'

APPENDIX 15

F i v
T,

Specific Heats of Liquids'

T

T

Specific i
o, )
Heat Specific heat = Biu/! Ib°F = cal/g°C Specific Y
- ; — 4.0 5 U RANGE DEG. C. E?\Beal i
N F - . 1
¢, = Specific heat = Btu/Ib°F = cal/g°C 5 39 [ AcEnc s ook 3940 ’: !
-70. 50 -
° 30 52, | Al -50- 25 2 :
; Deg. F. |26 | anrt acEaTe 0.130 o 0.2 :
- ‘NNENE 10. 80 I: o
. 400 % | Bezvi ALcorol A 28 2d
r CHLORIOE = 3 o
— 2.0 29 | BRiNg, Z3% € T40- 2 o 03A |
Deg. F. s st | SAnE. 23% NaC 00 40 gga I
L —1 |“2 | EAReON pisuipHoe -100- 25 — 0.3 !
0 3 3 ] § CARBON TETRACHLORIOE ‘SZ.£ 50 i |
3 Ny 3] 2 | cHhosera 0. 50 b0 - i
200 [ ; 1 |at | e Le ofh b :
= I : 300 — |"sa| DicHuOROEIUNE -i0. 50 | 7 % 900 b
3 DICHON 80- ] L §
400 i 1 |3 | Drrenenue %.100 a8, ° TR g
4 L — 1.0 3 |1e | penew oo 0200 o o2 o138 £
600 ] 3 5 4 — 0.9 . 3|58 | oo acen - 50. 23 MOBI%” L 5
] - go — 1la ALCOHOL 100% 30- B0 16 18520 - <
1 48 g © 13 — 0.8 31|48 ALCOHOL 95% 20:.80 ap. ad o2 " ;
80O — |0 GAS RANGE - DEG. F, 11 12 B 1 |50 | emvvL aLconoL sox 0: 85 aol?l9 024 E 0.5 :
1 0 © o 14 — 0.7 R E BEMZENE 5. 25 50'23 " L i
= |10 | acemene 32. 390 10 z - 200 - e ok ~30. 40 2 20026 . i
- |15 - 390. 750 E ETHYL CHIO! -100- s
1.000 =1 {5 ; 750.2550 15 ol [~ 06 3 |36 | emviensr e | 27 Yo 3134 - '
= |27 | ar 322550 017 B 1|7 |Emvioome - 40900 o 0% s iy
12| AMMONLA 32-1110 L 0.5 1 |39 | evevienE 280 320035 " 4
1,200 < |14 . 1110.2550 E = - ) 330 r 5
J |18 | carsonooxoe 2.7 | 17A o E 37385 36 0.6 §
1 |24 . . 750. o F = [ 1
1,400 —] |26 | carson monoxoE 32.2550 17C 18 20 [ 04 ] 42 8 45 45 s C 4
‘ - [32 | criomine 32. 390 °o o 19 o b %0 a0 4 40 - 3
1|3 - s0.2550 | 17B  © o 21 - 100 3 43 L i
472 | emane 32. 390 17D Oq4 26F 4 0 d :
1,600 - | » . 3901110 230 O #2gF 0.3 4 467 047 049 [ 5
|8 ’ 1110-2550 o Y ] RAMGE - 5
1,800  [1i | 501110 ¢ 250/3{3 g L e = nly 5
— - 390-1110 - 5 ~10- r ;
¥ N EE] . 1110.2550 27 291 g ]2s o1y o) -40. 15 o
— | 178 | FRECMA (COLR 32- 300 30 1 | aal rEoneat =20- ig
:2 o000 — 17C | FREOM-21 [CHCIF] 32. 300 % L - 74| FREON-22 =20. % -
: - | 174 | EREONZ2 [CHOIF, 32. 300 ~ 0.2 3 | 2a| mEONIIICCHFCCE) | ~20- ¥
— | 17D | FRECN-1 13{CChF Ly 32 300 32 ) o | —40. 20 r 4
2,200 3 | 4 | Hvorocen 1170255 ° . 1 |20 | Heree -89 30 |050 Sl 08 4
|35 | Hyorosen skomioe 32.2550 - 4 133 | HiorocHionc aco, 30w 20. 10 - ;
~ |30 | HYDROGEN CHLORIDE 12.2550 3F 1 |41 | sommn 101 [ 2
" 2,400 —| |20 | HYDROGEN FLUCRIDE 12-1550 of 4 |43 | 508U ACOHOL s E 3
7 |2 | Hvorocen ioDioe 12.2550 s |47 |isoeroPn ALcOHOL = o -
: - o |19 | HvoroGen sixeoe 12.1790 340] 3 |3 | mosoerbmEr Za0. 30 £ 3
— = - 1250- - METH B
° 2,600 5| METHANE 12. 570 3°5 E 13.\ METHYL CHLORIDE ':g‘m"g — 0.9 1
& = 570.1290 3 |14 HALENE 5 - i
7 - 1200.2500 = 0.1 =100 —J |12 | nmeosenzene 'R i
. 25 | NITRIC OXIDE 12.1290 = 0.09 1 |2« B T =
% | nmocen Rl e 3 % | Seanorenmene -30.140 L
32.2550 — 0.08 4 | 3 | PERCHLORE —-20.100 L
23 | oxvGEn 32. 930 36 - J 45 | PROPYL ALCOHOL Zso. 25 52 53a F
3 | surhon $70.35%0 = — 0.07 | Sotheic acio oex 10. 45 o - 1.0
22 | SULPHUR DIOYIDE 12. 730 B 11| SULPHUR DIOXIDE =210 .
3 . . 750.2550 0.06 23 |TOWENE 10.200 s
|17 | wates 12.2550 -’;; mcm o 0-100 ;
0.05 18 | XYLENE META 0-100
- V7| WYIENE PARA ’ e
True specific heats c, of gases and vapors at 1 atm pressure. .
- ]
L} .
: 1 . Chilton.
"Courtesy of T. H. Chilton. Courtesy of T. H. C
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APPENDIX 12

Thermal Conductivities of Gases

and Vapors'
PR g TSV LEIT, AR TEAN IR
Thermal conductivity &

Substance 32°F 212°F
Acetone 0.0057 0.0099
Acetylene 0.0108 0.0172
Air 0.0140 0.0184
Ammonia 0.0126 0.0192
Benzene 0.0103
Carbon dioxide 0.0084 0.0128
Carbon monoxide 0.0134 0.0176
Carbon tetrachloride 0.0052
Chlorine 0.0043

Ethane 0.0106 0.0175
Ethy! alcohol 0.0124
Ethyl ether 0.0077 0.0131
Ethylene 0.0101 0.0161
Helium 0.0818 0.0988
Hydrogen 0.0966 0.1240
Methane 0.0176 - 0.0255
Methyl alcohol 0.0083 0.0128
Nitrogen 0.0139 0.0181
Nitrous oxide 0.0088 0.0138
Oxygen 0.0142 0.0188
Propane 0.0087 0.0151
Sulfur dioxide 0.0050 0.0069
Water vapor (at 1 atm abs pressure) 0.0136

'Based on W, H. McAdams, Heat Transmission, 3rd ed., McGraw-Hill
Book Company, New York, 1954, pp. 457-458.

*k = Btu/ft-h-°F. To convert to W/m-°C, multiply by 1.73073.

APPENDIX 13

Thermal Conductivities of Liquids
Other Than Water'

O P T 3 Lo ULk R L L S 5 e R T
: Liquid Temperature, °F Kt

Acetic acid 68 0.099
Acetone 86 0.102
Ammonia (anhydrous) 5-86 0.29
Aniline 32-68 0.100
Benzene 86 0.092
n-Butyl alcohol 86 0.097
Carbon bisulfide ] 86 0.093
Carbon tetrachloride 32 0.107
Chlorobenzene 50 0.083
Ethyl acetate 68 0.101
Ethyl alcohol (absolute) 68 0.105
Ethyl ether ; 86 0.080
Ethylene glycol 32 0.153
Gasoline 86 0.078
Glycerine i 68 0.164
n-Heptane 86 0.081
Kerosene 68 _ 0.086
Methyl alcohol 68 0.124
Nitrobenzene 86 0.095
n-Octane 86 0.083
Sulfur dioxide 5 0.128
Sulfuric acid (90%) 86 0.21
Toluene . 86 0.086
Trichloroethylene 122 0.080
o-Xylene 68 0.090

tBased on W. H. McAdams, Heat Transmission, 3rd ed., McGraw-Hill
Book Company, New York, 1954, pp. 455-456.

t} — Btu/ft-h-°F. To convert to W/m-°C, multiply by 1.73073.




APPENDIX 18

APPENDIX 19

Diffusivities and Schmidt Numbers for Collision Integral and 1.ennard—Jones @ |
anCS in Air at 0°C and 1 atm:r ) ‘ Force ConstantST !

Lt e e e

Volumetric w ot
s Ao b = ) Collision integral 2,
Acetic acid 0.413 124 ) » kT KT £
Acetone 0.32} 1.60 *en p €12 o . B 4
Ammonia 0.836 0.61 _ ‘65 1.153 4.0 0.8836 d
Benzene 0.299 171 : g‘gg i'i% :.m 1,140 4.1 0.8788 :
n-Butyl alcohol 0.273 1.88 0.40 2318 1.75 1.128 42 0.8740 . 4
Carbon dioxide - 0.535 0.96 0'45 21184 1.80 LLI6 43 0.8694 1
Carbon tetrachloride 0.26 197 555 2066 185 1.105 44 0.8652 4
Chlorine 0.43% 1.19 ok to76 L5 s 45 0.8610 i
Chlorobenzene 0.24¢ 2.13 0.60 4 .8'?'? 1295 084 iE 0.8568 .:_:
Ethane 0.49% 1.04 0.65 1798 2.00 1.075 47 0.8530
Ethyl acetate 0.278 1.84 . 0'70 1'729 2.1 1.057 4.8 0.8492
Ethyl alcohol 0.396 1.30 ois e . 25 o4l 49 0.8456
Ethyl ether 0.302 1.70 . 0.80 1‘612 23 1.026 5.0 0.8422
% Hydrogen 2.37 0.22 ) 0.85 1 .562 2.4 1.012 6 0.8124 i
Methane 0.74% 0.69 s 090 - 1517 2.5 0.9996 7 0.7896
Methyl alcohol 0.515 1.00 0.95 1.476 2.6 0.9878 8 0.7712 ?
" Naphthalene 0.199 2.57 i'i}O 1.439 2.7 0.9770 i 9 0.7556 . ‘
R Nitrogen 0.70% 0.73 ) 1'05 1'406 28 0.9672 10 0.7424 ;
n-Octane 0.196 2,62 [ l. 10 1375 29 0.9576 20 0.6640
Oxygen 0.690 0.74 115 1346 30 0.9490 30 0.6232
. Phosgene 0.31¢ 1.65 _ 120 1.320 3.1 09406 |- 40 0.5960
Propane 0.36° 1.42 ' 125 l.296 32 0.9328 50 0.5756
Sulfur dioxide 0.448 1.16 . 130 1.273 33 . 09256 60 0.5596
Toluene 0.275 1.86 N ; 1‘35 1'253 3.4 09186 70 0.5464
Water vapor 0.853 0.60 1: 40 l:233 35 0.9120 80 0.5352
"By permission, from T. K. Sherwood and R. L. Pigford, Absorption and 1.45 1215 ¢ 3.6 0.9058 % gzﬁg
Extraction, 2nd ed., p. 20. Copyright 1952, McGraw-Hill Book Company. . 1.50 1.198 | 37 0.8998 100 -
New York. ——_— .55 1182 3.8 0.8942 200 0.4644
*The value of /p is that for pure air, 0.512 ft¥/h. 3 . epck 1.60 1.167 39 0.8888 400 0.4170
!Calculated by Eq. (17.28). e R AN DR L v ‘
1To convert ft/h Lo cm*/s, multiply by 0.2581. AL PO ? .;
e




APPENDIX 16

£

Prandtl Numbers for Gases

at 1 atm and 100°CT

Cpbt
Gas Pr= &
Air 0.69
Ammonia 0.86
Argon 0.66
Carbon dioxide 0.75
Carbon monoxide 0.72
Helium 0.71
Hydrogen 0.69
Methane 0.75
Nitric oxide, nitrous oxide 0.72
Nitrogen : 0.70
Oxygen 0.70
Water vapor 1.06

'Based on W, H. McAdams, Heat Tr

3rd ed., McGraw-Hill Book Company, New Yc;'k.

1954, p. 471,

APPENDIX 17

Prandtl Numbers for Liquids’

- Gk

. Br="%

' Liquid 61°F 212°F
Acetic acid 14.5 10.5
Acetone 4.5 2.4
Aniline 69 9.3
Benzene 13 o 7 [
n-Butyl alcohol 43 11.5
Carbon tetrachloride 7.5 4.2
Chlorobenzene 9.3 7.0
Ethyl acetate 6.8 5.6

i Ethyl alcohol 15.5 10.1

Ethyl ether 4.0 2.3 =
Ethylene glycol 350 125
n-Heptane 6.0 4.2
Methyl alcohol 7.2 34 e
Nitrobenzene 19.5 6.5
n-Octane 5.0 3.6 3
Sulfuric acid (98%) 149 15.0 i
Toluene 6.5 38 .
Water 7.7 1.5

'Based on W, H."McAdams, Heat Transmission, 3rd ed.,
MecGraw-Hill Book Company, New Yaork, 1954, p. 470.




Lennard-jones lorce COnsuanes

inas

Compound efk (K) a(A)
Acelone 560.2 4.600
Acetylene 231.8 4.033
Air 78.6 3.711
Ammonia 558.3 2.900
Argon 933 3.542
Benzene 4123 5.349
Bromine 507.9 4.296
n-butane 310 5.339
i-butane 313 5.341
Carbon dioxide 195.2 3.941
Carbon disulfide 467 4.483
Carbon monoxide 91.7 3.690
Carbon tetrachloride 3227 5.947
Carbonyl sulfide 336 4.130
Chlorine 316 4217
Chloroform 340.2 5.389
Cyanogen " 348.6 4.361
Cyclohexane 297.1 6.182
Cyclopropane 248.9 4.807
Ethane 215.7 4.443
Ethanol 362.6 4.530
Ethylene 224.7 4.163
Fluorine 112.6 3.357
Helium 10.22 2.551
n-Hexane 3393 5.949
Hydrogen 59.7 2.827
Hydrogen cyanide 569.1 3.630
Hydrogen chloride 344.7 3.339
Hydrogen iodide 288.7 4.211
Hydrogen sulfide 301.1 3.623
lodine 4742 5.160
Krypton 178.9 3.655
Methane 148.6 3.758
Methanol 481.8 3.626
Methylene chloride - 356.3 4.898
Methyl chloride 350 4.182
Mercury 750 2.969
Neon 32.8 2.820
Nitric oxide 116.7 3.492
Niwogen 1.4 3.798
Nitrous oxide 2324 3.828
Oxygen 106.7 3.467
n-Pentane 341.1 5.784 -~
Propane 237.1 5.118
n-Propyl alcohol 576.7 4.549
Prapylene 298.9 4.678
Sulfur dioxide 3354 4,112
Waler 809.1 2.641

'From J. O. Hirschfelder, C. F. Curtiss, and R. B. Bird, Molecular Theory of Gases and Liquids,

New York: Wiley, 1954,
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P_gP;NG AND INSTRUMENTATION

uhere APy = pressure diop, Nim?;

Tabl in pi i
e |3 Prr.ss_t_zrc loss in pipe fittings and valves (for turbulen|

The mrrrmba= =0 0o, % |

Fitting or valve & wtihet of ———l_ﬁ'_u.vi_
. + number of num BT
s : velocity heads p?;er gli' equivalent
45° stmd.n.n:l elbow 0 -
45° long radius clbow g 15 -
.90° standard radius’ elbow 0 6--0 8 - 10
90° standard long clbow "045 30-40 .
90° square-elbow Y .
Tec-catry fmm leg !‘5 75"
Tec-entry into log le 60
Union and coupling 0'(8}4 90 ¢
Sharp reduction (tank outet) 05 .
Sudden expansion (tank inlet) 10 25
Gale valve : ’ 50
fully open
1/4:0pen ke - 15
12 open 4 800
3/4 open 1 200
Globe valve, bevgl seat- 40
' fﬁ"’ open 6 %0
0
Plug; valve - open L g: 450
. 18

—_—

Table {4 Pipe roughness

Material Absolute roughness, mm
Drawn tubing 0.0015
Conu:ncmia.l steel pipe 0.046
C'a.st_upnp_ipc 026~ .-
Concrete pipe <03 10 30"
104

~ Total head, m

10

Single - stage
3500 pm

Single - stage —
1750 rpm

1
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. , S
704 &&\ ' - Table |6- ‘ PIPE SIZE SELECTI?__N
Q\\\ Typical Plp:: velocities and allowable pressure d;;l;s. 'ﬁrhich- can be used to estimate
= NSNS \\\E‘ pipe sizes, are given below: i e
; T : i A
] \\ M 200 : Velocity m/s AP kPa/m
= o T ——) 3 .. o™ = : o . P
T g0l \ \ T~ : 125 f P Liquids, pumped (not viscous) 1-3. . 05
g ] < T | | Liquids, gravity flow iy 0.5
E \ P " é : Gases and vapours Fe 15.30 0.02 per cent of
551 \ ol i - L ! line pressure
\ i G o ‘ ‘ High-pressure steam, >8 bar 30-60 —
s0t R \ I+ [ Rase (1953) gives expressions for design velocities in terms of the pipe diameter. His
5 ¢ tXpressions, converted to SI units, are:
;- _ Pump discharge . 0.06d + 0.4 m/s
45,5 = = i = = ~ Y- 1 ! Pump suction 0.02d + 0.1 m/s
I i [' Steam or vapour 0.2d m!sh_\_\
Figure 34 Centrifugal pump efficiency v Where d is the intemal diarmeter in mm.

MATERIALS OF CONSTRUCTION .
e 19 Mechanical properties of common metals and alloys (typical values at room temperature)

Tensile 0.1 per cent Modulus of

strength proof stress clasticity Hardness Specific

(N/mm?) (N/mm?) (KN/mm?) Brinell gravity

] 430 20 ©210 100-200 19
M el 420-660 230-460. 210 130-200 7.9
o 140-170 — 140 150-250 7.2
ol 1 ¢
ﬂ:lir';é’r‘ pres >540 200 210 160 8.0
wickel «
! ent Ni) 500 130 210 B0-150 89
M::j" T 650 170 170 120-250 8.8
?%Pc:;m;scd} 200 60 110 30-100 8.9
Hkdmiraty) 400-600 130 1s 100-200 8.6
i

o9 per cent) 80-150 - 70 30 27
i 400 150 70 100 2.7
cad 30 T 15 5 1.3
Fea 500 350 rio 150 45

Simpson (1968) gives values for the optimum veloci
His values, converted to SI units and rounded, are:

Fluid density kg/m?
1600
- 800
160
16
0.16
0.016

Velocity m/s
24
3.0
4.9
94
18.0
34.0

i
i

N

ty in terms of the ﬂuid-.'dmﬁ]'

1]
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’- 3 CHEMICAL £ '
HEAT-TRANSFER EQUIPMENT o ; ' e
#; " e .t i H

Table t 7 Typical overall coefficients » _
Immersed coils
Shell and tube exchangers & N
Paol

. : W/ 1o U (w; o
ot fuid Cold fuid U (Wim2°C) - fsied i
Hear exchangers o o G o Sm Bﬂl'l]te g?uews solutions 800~ 1500~

g i ight o

Elvfa“.::;i: solvents Organic solvents 100-300 ' Steam . Hfavy ‘I)E_shi ggg_jm y

Light oils Light oils 100-400 ' Water Aqueous solutions -a0g

: Heavy oils 50-300 ; - Water ; p - 400-700
Heavy oils Gucg 1050 Light oils 200-39 -
g“:r, ; Jacketed vessels
0 3 .
Ofgnnic solvents - Water 250-750 i Jacket Vessel =
Light ils Water 350-900 i . =
Heavy oils Water gg:g% '. ¢ St::ml Dilute aqueous solutions 500-709

Water Light organi
Gases o0 10t organics o
Organic solvents Brine 150-500 ; :'VV::“' Dilute aqueous solutions %_ggg
Water . Bl’]irlc 6?2‘%20 . 2 . e ngh( olrgaqics 200‘3&}
Gités Brine . l Gasketed-plate éxchangers
Heaters -
Steam - Water | 1500-4000 X . Hot fluid —‘m
Steam Organic solvents 201000 Light ic ;
Steam Light oils 300-900 S i e Light organic ] 2500-5000
s Heavy oils 60-450 o wfcm:rg"“"-‘_ ; Viscous organic 250-500
Steam e o 5 Light organie ~ * pascous organic 100-200
Bowthsrm Heavy oils 50-300 . i i i Vifcol::f: g Process water 2500- 3500
Dowtherm Gases gg'f% ; ,.Lc e Light orga::g;n T S’“‘]“ s 250-500
es Steam C ~ ! N AR 4 ooling water 2000-4509 .
E:: r Hydrocarbon vapours 30-100 ‘ R Coﬂd“m::s;gmmc - E_m;lmg e 250_4?30
Condensers ! e Condensing steam v;g i, 2500-3500
Aqueaus vapours - Water - !000- 1500 & P . . é SCOUS organic 250-500 ]
Organic vapours Water 5 700-1000 Lo Phocess waicr ) Cms zattcr 5000-7500
Organics (some non-condensables) Water 5m~'5fgg 4 . Dilute aqueous solutions Caolin: w:::: 30007000
Vasaions condensars ' Ve ; g . 2 -:It Condensing steam Process water gggg::.%)g
Vaporisers B2 L g - S .
Steam ; Aqueods ‘solutions 1000- 1500
Steam . Light organics - 900-1200 . \ )
Steam Heavy organics : 600-900 Tanes | B Frow Am®as Axp Equivarext Drareress oy DousLe Pree Excraxarrs
Alr-cooled exchangers T Flow area, in.? Annulys, in.
e y - Tar : Exch IP
Process fluid o 3 3 ! ) snger, IS Annulus| Pipe d, d;
Water . -300-450 - - :
Light organics 300-700 2 X1y 1.19 1.50 '0.915 0.40
Heavy organics L ; Zo 50-150 x x
Gases, 5-10 bar ' : 50-100 ' 24 X 14 2.63 | 1.5 | 2.02 | 0.8
10-30 bar 100-300
Condensing hydrocarbons . 300-600 3 x2 2.93 | 3.35 | 1.57 | o0.69 ?
; Immersed coils - i x3 3.14 | 738 | 1.4, | o.53 5
Cail Pool g - ; ;
Natural circulation " i ; ; J Table {9 Standard dimensians for steel tubes
Steam Dilyje. aqueous solutions 500- 1000 I . i :
Sichy Light oils . 200-300 | Ouiside diameter (mm) Wall thickness (mm)
Steam Heavy oils 70-150 | 16 1.2 1.6 20 - =
Water . hqu.cuus solutions . 200-500 | 20. = 16 20 o i L
Water Light oils 100-150 i 25 b 16 2.0 26 32
(continued overieaf ) l 30 = L6 an 0 tT
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CGas B
g RN o
Ammonia E s 3
A . . !
Casbon diesid. . HEAT-TRANSFER EQUIPMENT | ‘
Ethylene i
Hydrogen, @
Hydrogen sulfide. . ... .. [
+ Mefhane J __g
Nitrogen : J 2 !
OTVERN oo v viaiidiniaSanan §_ '§ :
BRI bl b s - 8 4
Sulfur dioxide —E
- E s
oz - & % 3 w |-'
Table 2.| Fouling factors (coefficients), typical values f.
Fluid Coefficieni {W/m?°C) *  Factor (resistance) (m2°Crw) =
— - w14
River water 3000-12,000 0.0003-0.0001 7 o 8 B
Sea water 1000-3000 0.001-00003 Sop {
Cooling water (towers) 3000-6000 0.0003-0,00017 £ g ]
Towns water (soft) 3000-5000 0.0003-0.0002 = 8 i
Towns water (hard) 1000-2000 0.001-0.0005 t § d
Steam condensate 1500-5000 0.00067 -0.0002 k) & i
Steam (oil frec) 4000-10,000 0.0025-0.0001 B 2 #
Steam (oil traces) . 2000-5000 0.0005-0.0002 , 2 8 3 :‘\
Refrigerated brine ' 3000-5000 0.0003-0.0002 ' E 3 &k 5
Air and industrial gases 5000-10,000 0.0002-0.0001 ' E 2 B i
Flue gases 2000-5000 ° 0.0005-0.0002 £ 2§ i
Organic vapours 5000 0.0002 ) g B
Organic liquids 5000 0.0002 . g
Light hydrocarbons 5000 0.0002 = é}"
Heavy hydrocarbons 2000 0.0005 2 g 1
Boiling Brganics 2500 0.0004 2 e
Condensing organics 5000 0.0002 i - 2
Heat transfer fluids 5000 0.0002 X iy t§ s
:&quenus salt solutions 3000-5000 0.0003-0.0002 | 7 / s =
- E— ' i P n ;1 ::
Tanre D2 Tose Counr ENTar ALLOWANCES Lo s g 1 5 B E ; g
Shell ID, in. Nozzle, in. 5 / —a8: £ i E
Less than 12 23 § 5 o s Ig 4 F
12-174..... 3: : ] £ 8
19213 ........ 1 ; 3% : § . T 8 3
—29. ... 6 i @ c
:f%_g ....... 8 ' ' 2 3 i EE
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%, € _} =3
% 5 \,23 0
'{%' s §If @ I
% £ £ / Wb g
- = o w
%a g s £ 4 & &
> = O [N
%o, 48, / g
- o t o 8 b
- = =
5 B a // o
. & g5
- (5] )
LignARY | T $535, S
T'ait‘;’: bol o S 5 In "thu.te o § ! :‘E § ﬁg @ ag
Ehgi] o u acchnolegy § ‘Eg.,ig' 28
G Y “c’ 8 a
NJAGARANAGAR. . 2 < %3




oY

iR v

arvablbakbbeisoinit

HEAT-TRANSFER EQUIPMENT
E 90— Pull-through floating head
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E |_— Split-ring floating head
: =]
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