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Tubes Shells
Available in Copper. 90/10 CuNi Rugged shell available in Steel and 316 Stainless Steel. Mini-
316 Stainkess Steel, Admiraly ar mum cleamnces between shell and baflles mduce by-pass and

Carbon Steel Tubes are roller expanded. maximize heat transfer

Supports
Meoweable, Tabricated
Carban Stesl available
an all sizes

Baffles

Precision punched ballles assume ellective circulation
by provading mammum cleamness bebween the lubes
Heads Tubesheets and wbe holes. Ballle cuts and spacing lar each
Heads available in Cast lrory,  Thick Carbon Steel, 316 diameter are consistent with best practices. Standand
Brass, 316 Stainless Steel or  Stainkess Steel or 300 available matenal includes Carbon Steel, Brass and
Fabricated Carbon Stesl Cubi wibeshests 316 Stainless Stesl
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Apy

f GZLn 0.00023 * 7620002 * 16 * 2

Ap, = = = 1.6psi
Pt = 5 22 % 100D s@, _ 5.22 * 1010 x 0.0517 * 1.0 * 1.0 psl
UZ
G, = 762000 x — = 0.08
29
2 *
MY = 22,008 =0.7psi
S 2g 1
Apr = Apy + Ap, = 1.6 + 0.7 = 2.3ps
App = 10.0 Slae lsia
Ayl
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f=00019""/ ,
s ‘_g)b Slows
N+1=12L/B=12*16/2=96
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o _ _FGEN+1Ds _ 0.0019-57800020833+96 _ .
Ps = 522+101D, s@,  5.22+1010%0.079%1.3%1.0 P
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7 Applied Process Design for Chemical and Petrochemical Planis
FA o
- ' Table 10-3
L] ’ 4 1543 i
~ A (ffj‘—b—ﬁ&t o Characteristics of Tubing
LFt. | Sa. P | Weight
OD,e] BW.G.| Thick- | Internal r_anmu taternal ‘!‘n LD. |Moment | gecnion { Radius o.b
S| WS | B | B | e R | | B | ot |0
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n » o 0580 21 D00S o7 o 58 i it
n 18 0982 ans 2 onose | .gede B3] 2 1.354 as
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1/2 It J1e .jes2 407 0018 072 1 138 1244 D6
1z o 129 Ny N 14 0656 L1648 27 1162 o811
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/. 2 1583 BE) 116 6303 o) 7 A0 20
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/. 4 1883 .18 584 0as4 282 e ag 24 174
/4] <18 1863 (1587 —60s 88 023 240 450 238 .53
/ 18 1963 N 620 X 221 U 471 \218 T
7 17 1363 1560 534 3455 92 183 1z
/. 1 1963 707 R 0067 178 U N 150 ga
/ 20 1863 amo 680 808 iy It 567 162 &
/ o 2201 588 .607 422, 0505 2662 451 441 312
) 1 1 Nt 6 “ozol 04 2705 43 378 s
7 2 281 i) 657 018 04ed 2k 579 332 282
Al B B -RERE BE WA
i 5 et \1esp 1345 0177 2073 880 il s
/! 3 .2281 2034 7 2925 740 - 126 127
/8. 20 - L2109, .BOS. 0082 4147 2972 ™ 087 Sz
2 L2688 754 570 6392 o784 00 550 433 gL
n 28l 1918 .73z ‘000 .¥pog 858 L3866 36
13 .z6l8 190 e 8377 0854 340 708 - | 131 33z
12 ‘2818 2047 7 2815 i s 27 L
13 2618 i ‘8ie 2240 25 3217 804 5 an
1% %18 2163 83 6253 o507 3285 852 1 -1
15 4 2618 2241 B5 i 3281 238 187 ais
] 2618 z28. 870 0210 Ddis 33 az7 142 1
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1-1/4 7 a2 2%R0 . 1] . I35 404 K
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1A iz s 02 , 6642 ez? 452 ! X3 L
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*Weights are based oo low carbou stes]l with « density of 0.283%%/Inch®. For other metals multiply by the lellovhn factorm:
Alusmizum Q.. M1 a

eihimaas . & I-Chn St
ALS.L 408 Seriv Sigtaless’ Stasls’ Fmlrally  eoees

KAdmlral
ﬁl-s AN ﬂh Staialess Stesls 1. ll:h-l Md Ic li&
Alum uminum nFe . . ppet an S pTe-
*"Liquld Velocity = u’:;p" Nb-u hl’"‘:’?r ia lnl Por sac. {Ep, Or, of Woler ot B0'F. = 1.0)

Standards of Tubular Exch Manuf: ers A iation, Inc., Fourth Ed., by permission, © 1059,
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Temperature

Deg.C. Deg.F.
200 —- 390
T 380
90 1 370
180 — 360
S 350
170 — 340
4+ 330
160 =4 320
=+ 310
15C¢ =}~ 3500
- 290
140 -~ 280
T 270
-
13¢ ':\_ 560
120 —f 299
4 240
o < 230
-+ 220
100 — 210
1—200
30 L oo
L 180
8O —% -
4 170
+ 150
60 —- 140
-+ 130
50 =+ 120
-+ o
40 _|
— 100
30 | 90
4 B0
20 4 70
4 80
1w 4+ so
| a0
0-—1. o
-
- 20
-0 —
-0
o
-20 —
-
-30 .I” -20

Fie. 14, Viscosities of liguids.

APPENDIX OF CALCULATION DATA

30

28

26

24

22

20

A
Viscosity ‘k

Centipuises

flels]
a0
80
70
) } 60

50
40

30

20

P 00 R O

Q.9

o7

08

05

04

03

oz

2 4 6 8 10 12 | & I8 20

o]
(Perry, * Chemical Engineers' Handbook,” 34 ed., McGraw

Hill Book Company, Inc., New York, 1950.)
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PROCESS HEAT TRANSFER

Viscosities or Liqguips*
Coordinates to be used with Fig. 14

|
Liquid X' T Liquid XY
Acetaldehyde. ......... .. .. .. 15.2| 4.8 Freon-21.. ... ... ....... ... .. 15.71 7.5
Aceticacid, 100%...... . ... ..112.114 2|Freon-22.. _................J17.20 4.7
Aecefic acid, 70%... . ...... .. 9.5/17.0|Freon-113., .. ......... _.... 12.5{11 .4
Acetic anhydride.. ... ... .. .. 12.7/12.8Freon-114. . ... .. ... ... ..... 14 .6} 8.3
Acetone, 100%............. .. 14.5] 7.2|Glyecerol, 1009, ... ... ... ..[ 2.080.0
.A.cetone,35%......,..,...... 7.915.0G1ycer01,50%............‘... 6.9/19.6
Allyl aleohol. ... ... ... . ..., 10.2{14.3{Heptane. . e o141 8.4
Ammonia, 100%......... ... .|12.6} 2.0|Hexane.. L.o.14.70 7.0
Ammonia, 26/c ,,,‘.‘......10.113.9Hydrochlor1c aCId 31. a% ...... 13.0/16.6
Amyl acetate . . .,..........11.812.5Isobutwlalcohol ool 7UOLIRLO
Amylaleohol. .. ... . .........| 7.5/18.4|Isobutyric acid............... 12.2{14 .4
Aniline. . ... ....... .. ... .. .. 8.1 18.7I=opropﬂalcohol ceee .| 8.2116.0
Anisole, ........ ... ... .. 12.3|18.5Mereury . C......118.418 4
Arsenic trichloride. ... ... ... . .113.9|14.5 ’\/Iethanol 1009 77 12 .410.5
Benzene................._ ... 12.5{10.9Methanol. 80 7, 12.3[11.8
Brine, CaCly, 26%........ ... .| 6.6]15.9Methanol, 40%............ .. 7.815.5
Brine, NaCl, 25%........ .. ..|10.2/16.6/Methyl] acetate. . ... 1420 8.2
Bromine.....................114.2113.2/Methyl chloride..... ........ 15.0| 3.8
Bromotoluene. ... ... ... .. 20.0115.9¢Methyl ethy! ketone. ... ... ... 13.9| 8.6
n-Butane................. .., 15.3| 3.3|Naphthalene.. ... 79181
Isobutene............ ... .. _. 14 51 3.7|Nitrie acid, 95 12 . 8113.8
Butyl acetate. . ...... .. .. ... . 12.3{11.0Q|Nitrie ac1d 60% ... 1 10.8]17.0
Butyl alechol. .. ... ... .. ..., 8.6/17.2/Nitrobenzene. ....... ... ... ..110.6/16.2
Butyricacid.... . ...... ..., .. 12.1115.3|Nitrotoluene. ... ........... .. 11.0.17.0
Carbon dioxide... ... ...... .. 11.6] 0.3[Octane................... ... 13.7/10.0
Carbon disulfide...... . ... .. 116.1| 7.510ctyl alechol. ... ... ... .. .. 6.6121.1
Carbon tetrachloride. .. .. .. .. 12,7113, FPentachloroethane. e ......10.917.3
Chlorobenzene. . ... ... ... . ... 12,312 . 4|Pentame..................... 14.9] 5.2
Chloroform ... ....... ... .. .. 14 4|10.2|Phenol. .. .. ......] 6.9]120.8
Chlorosulfonic acid. . . ..... ... 11.2118.1 Phosphorus tribromide.. ... ... 13.8(16.7
Clklorotoluene, ortho.. ... . ... 13.0/13.3|Phosphorus trichloride. . 16.2{10.9
Chlorot oluene meta....... ... 13.3{12.5Prcpane..................... 15.3; 1.0
Chlorotoluene para........ ... 13.3|12.5|Propionic acid. . ........... ... 12.8/13.8
Cresol, meta.............. ... 2.5120.8/Propyl alcchol................1 9.1]16.5
LYclohexanol el 2.9124 3|Propy] bromide............ . .. 14,5/ 9.6
Dibromoethape..... ... ... ...[12.7/15.8/Propyl chloride............. .. 14,4 7.5
Dichloroethane...... ... ... ..113.2{12.2iPropyliodide. .. ............. 14.1(11.6
Dichloromethane......... ... 14.6, 8.9/S0dium. . .o |16.413.9
Diethyl oxalate...... ... .. . ..{11,0{16_4iSodium hydromde oo% ....... 3.2125.8
Dimethyl oxalate. ... ... .. 12.3i15.8Stanniec ehloride.............. 13.5/12.8
Diphenyl............. ... ... 12.0/i8.3|Sulfur dioxide. . ........ ... .. 15.2) 7.1
Dipropyl oxalate. ... ... .. ... 10, 3{17.7jSulfyric acid, 110%...........| 7.2|27 .4
Ethyl acetate.......... ... .. 13.7] 9.1Sulfuric acid, 98%............ 7.0124.8
Ethyl aleobol, 100% .......... 10.5(13. 8Sulfuric amd 60% ............ 10.2{21.3
Ethyl alcohol 5% ...........] 9.8[14.3|Sulfuryl chloride. . o.....15.2]12.4
Ethyl aleohol, 409 . ... .. ... €.5|16.6|Tetrachloroethane. . ... ... ... 11.915.7
Ethvl benzene....... . ... ..... 13.2{11.5|Tetrachloroethylene, ....... . .[14.2[12.7
Ethyl bromide............... 14 5| 8.1|{Titanium tetrachloride........|14,4/12.3
Ethyl chioride............ . ..[14.8] 6.0[Toluene..................... 13.7(10.4
Ethylether............... ... 14.5( 5.3|Trichloroethylene.......... ... 14.8/10.5
Ethyl formate. . oo .. 14.2] 8.4{Turpentine. .. ... ..., 11.5/14.9
Ethyliodide.. .. .. ... . ... .. 14 .7110.3|Viny! acetate. ... .............|14.0] 8.8
Ethylene glycol. . cev.....] 6.0{23.6{Water. . ... .|1p.213.0
Pormicaend........ . ...... ... 10.7115.8 Xylene, ortho. ... ... 13.5(12.1
Freom-11..... ... .. ... ... ... 14 4] 9.0jXylene, meta. ............... 13.9/10.6
Freon-12............... . ..., 16,8 5.6§Xylene, para................. 13.91106.9

* From Perry, J. H., Chemu:al Engineers’ Eandbook,” 3d ed., McGraw-Eill Book Company, Inc.,
Naw York, 1959,
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APPENDIX OF CALCULATION DATA
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Fig. 25.

Tube-zide water-heat-transfer curve. [Adapted from Fagle and Ferguson, Proc.
Roy. Soc., A137, 540 (1930).]
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APPENDIX OF CALCULATION DATA
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Fie. 27, Tube-side return pressure loss.
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