9. Anexo : 233

9.3. Bibliografia

Ahmad, Berit S., Barton, Paul 1., “Homogeneous Multicomponent Azeotropic Batch
Distillation”, AIChE Journal, 42, 3419-3433 (1996)

van Antwerpen, F.J., "Bubble Tray Design Manual”, American Institute of Chemical
Engineers, The Science Press Inc., New York (1958)

Barolo, Massimiliano, Guarise, G. Berto, Ribon, Nicola, Rienzi, Sergio, Trotta,
Antonio, “Some Issues in the Design and Operation of a Batch Distillation
Column with a Middle Vessel”, Computers Chem. Engng, 20 Suppl, 37-42 (1996)

Bernot, Christine, Doherty, Michael F., Malone, Micheal F., “Design an Operating
Targets for Nonideal Multicomponent Batch Distillation”, Ind. Eng. Chem. Res.
32, 293-301 (1993)

Bonny, L., “Strategies for handling mixtures in a campaign of several multicomponent
batch distillations”, Chemical Engineering and Processing, 34, 391-399 (1995)

Bonny, L., “Strategies for handling mixtures in a campaign of several multicomponent
batch distillations with slop recycle”, Chemical Engineering and Processing, 34,
401-414 (1995) ‘

Bonny, L., Domenech, S., Floquet, P., Pibouleau, L., “Recycling of slop cuts in
multicomponent batch distillation”, Computers Chem. Engng, 18 Suppl., 75-79
(1994)

Chilton, T.H., Colburn, A.P., “Distillation and Absorption in Packed Columns”, Ind.
Eng. Chem. 27, 255-260 (1935)

Coleccidn de férmulas para la materia “Termodinamica multicomponente” del Instituto
II de Ingenieria Quimica de la universidad RWTH Aachen, Prof. Dr.-Ing. Hugo
Hartmann

Danckwerts, P.V., “Gas absorption accompanied by chemical reaction”, AIChE Journal,
1, 456-463 (1955)

Diwekar, UM., “Simulation, design, and optimization of multicomponent batch
distillation columns”, Ph.D. thesis, Indian Institute of Technology, Bombay, India
(1988)

Diwekar, UM., Malik, RK., Madhavan, K.P.,, “Optimal reflux rate policy
determination for multicomponent batch distillation columns”, Computers Chem.
Engng, 11, 629-637 (1994)



9. Anexo 234

Diwekar, Urmila M., “Batch Distillation”, Editorial Taylor and Francis, Washington
(1996)

Drickamer, H.G., Bradford, J.R., “Overall plate efficiency of commercial hydrocarbon
fractionating columns as a function of viscosity”, Trans. Am. Inst. Chem. Eng., 39,
319-327 (1943)

Duncan, J.B, Toor, H.L., “Experimental Study of three Component Gas Diffusion”,
AIChE Journal, 8,38-41 (1962)

Fair, James R., Null, Harold R., Bolles, William L., “Scale-up of Plate Efficiency from
Laboratory Oldershaw Data”, Ind. Eng. Chem. Process Des. Dev., 22, (1983)

Fuller, E.N., Schettler, P.D., Giddings, J.G., “New Method for Prediction of Binary Ga-
Phase Diffusion Coefficients”, Ind. Eng. Chem., 58, 18-27 (1966)

Gorak, A., "Simulation Methods for Steady-State Multicomponent Distillation in a
Packed Column", IChemE Symp. Ser., 104, A413-A424 (1987)

Gorak, A., “Berechnungsmethoden der Mehrstoffrektifikation, Theorie und
Anwendungen”, Habilitationsschrift, RWTH Aachen (1990)

Goérak, A., “Simulation thermischer Trennverfahren fluider Vielkomponenten-
gemische”, Skriptum Lehrstuhl thermische Verfahrenstechnik, Universitit
Dortmund (1994)

Hansen, Tomas T., Jorgensen, Sten Bay, “Optimal Control of Binary Batch Distillation
in Tray or Packed Columns”, The Chemical Engineering Journal, 33, 151-155
(1995)

Higbie, R., “The rate of absorption of a pure gas into a still liquid during short periods
of exposure”, Trans. Amer. Inst. Chem. Engrs., 3, 365-369 (1935)

Jeltsch, R., “Skriptum zur Vorlesung Numerische Mathematik I (Teil A und Teil B)”,
Institut fiir Geometrie und Praktische Mathematik, RWTH Aachen, 3. Auflage
(1985)

Kaltenbacher, E., “Uber den EinfluB der Blasengrofenverteilung und der
Stoffiibertragung auf die Trennwirkung von Siebbdden”, Dissertation TH
Karlsruhe (1982)

Kooijman, H.A., Taylor, R., “A Nonequilibrium Model for Dynamic Simulation of Tray
Distillation Columns”, AIChE Journal, 41 (1995)

Krishna, A., “A note on the film and penetration models for multicomponent mass
transfer”, Chemical Engineering Science, 33, 765-767 (1978)



9. Anexo 235

Krishna, R., Standart, G.L., “Mass and Energy Transfer in Multicomponent Systems”,
Chem. Eng. Commun., 3,210-275 (1979)

Krishna, R., “Problems and Pitfalls in the Use of the Fick Formulation for intraparticle
diffusion”, Chemical Engineering Science, 48, 845-861 (1993)

Krishnamurthy, R., Taylor, R., “A Nonequilibrium Stage Model of Multicomponent
Separation Processes”, AIChE Journal, 31, 449-456 (1985)

Lockett, M.J., “Distillation Tray Fundamentals”, Cambridge University Press:
Cambridge. U.K. (1986)

Logsdon, Jeffery S., Biegler, Lorenz T., “Accurate determination of optimal reflux
policies for the maximum distillate problem in batch distillation”, Ind. Eng. Chem.
Res., 32, 692-700 (1993)

Maxwell, J.C., “On the dynamical theory of gases”, Phil. Trans. R. Soc., 2, 10-15 (1867)

McCabe, W.L., Thiele, E.-W., “Graphical Design of Fractionating Columns”, Ind. Eng.
Chem., 17, 605-611 (1925)

Mehlhorn, A., Espufia, A., Goérak, A., Puigjaner, L, “Modeling and Experimental
Validation of Both Mass Transfer and Tray Hydraulics in Batch Distillation”,
Comp. Chem. Engng, 20, 575-580 (1996)

Mehlhorn, A., Nougues, J.M., Puigjaner, L., “Using Rate-Based Approach under
Consideration of Different Contacting Regimes for Multicomponent Batch
Distillation Simulation”, Comp. Chem. Engng, 22, Suppl., 645-649, (1998)

Mujtaba, I.M., Macchietto, S., “Optimal Design of multicomponent batch distillation
columns - single and multiple separation duties”, Proceedings of PSE '94 179-184
(1994)

Murphee, E.V., “Graphical Rectifying Column Calculations”, Ind. Eng. Chem., 17, 960-
964 (1925)

Perry, R.H., Chilton, C.H., Editor “Chemical Engineers’ Handbook”; McGraw-Hill:
New York, (1995)

Porter, K.E., Davies, B.T., Wong, P.F.Y, “Mass transfer and bubble sizes in cellular
foams and froths”, Trans IChemE, 45, 265-274 (1967)

Potthoff, R., “Maldistribution in Fiillkdrperkolonnen”, Fortschrittsberichte VDI, Reihe
3, Nr. 349 (1994)

Prado, Miguel, Fair, James R., “Fundamental Model for the Prediction of Sieve Tray
Efficiency”, Ind. Eng. Chem. Res. 29, 1031-1042 (1990)



9. Anexo 236

Reid, C., Prausnitz, J.M., Poling, B.E., “The properties of gases and liquids ; McGraw-
Hill Book Company, 4™ Edition (1993)

Santamaria Ramiro, J. M., Brafia Aisa, P. A., “Andlisis y reduccién de riesgos en la
industria quimica”, Editorial Mapfre, S.A., (1993)

Safrit, Boyd T., Westerberg, Arthur W., “Improved Operational Policies for Batch
Extractive Distillation Columns”, Ind. Eng. Chem. Res., 36, 436-443 (1997)

Schliinder, E.-U., “Uber die Auslegung von Wirme- und Stoffaustauschapparaten mit
Hilfe von Wiarme- und Stoffiibergangskoeffizienten - Vorziige, Grenzen,
Alternativen” Chemie Ingenieur Technik, 48, 212-226 (1976)

Scholz, Eugen, “Karl-Fischer-Titration”, Springer Verlag, Berlin, (1984)

Speedup User Manual, Aspen Tech. Inc., Cambridge, MA, (1995)

Stefan, J., “Uber das Gleichgewicht und die Bewegung, insbesondere die Diffusion von
Gasmengen”, Sitz. Ver. Akad. Wiss. Wien 63 (1871)

Stewart, W.E., Prober, R., “Matrix Calculation of Multicomponent Mass Transfer in
Isothermal Systems”, Ind. Eng. Chem. Fundam. 3, 224-235 (1964)

Stichlmaier, J., comunicacién personal (1995)

Stichlmaier, J, “Grundlagen der Dimensionierung des Gas / Fluessigkeit-
Kontaktapparates Bodenkolonne”, Verlag Chemie, Weinheim (1978)

Sundaram, S., Evans, L.B., “Shortcut Procedure for Simulating Batch Distillation
Operations”, Ind. Eng. Chem. Res., 32, 511-518 (1993)

Taylor, R., Krishna, R.,, “Multicomponent mass transfer”, John Wiley and Sons, Inc.,
New York, (1993)

Taylor, R., Kooijman, H.A., Hung, J.S., “A Second Generation Nonequilibrium Model
for Computer Simulation of Multicomponent Separation Processes”, Computers
Chem. Engng. 18, 205-217 (1994)

Taylor, R., Achuthan, K., Lucia, A., 'Complex Domain Distillation Calculations',
Computers Chem. Engng, 20, 93-111 (1996)

Toor, H.L., “Diffusion in Three Component Gas Mixtures”, AIChE Journal 3, 198-207
(1957)

Toor, H.L., Marchello, J.M., “Film Penetration Model for Mass and Heat Transfer”,
AIChE Journal, 4, 97-101 (1958)



9. Anexo 237

Toor, H.L., Burchard, J.K., “Plate Efficiencies in Multicomponent Distillation”, AIChE
Journal, 6,202-206 (1960)

Toor, H.L., “Solution of the Linearized Equations of Multicomponent Mass Transfer”,
AIChE Journal, 10, 448-445,460-465 (1964)

Treybal, Robert E., “Operaciones de Transferencia de Masa”, McGraw-Hill Book Co.,
New York (1988)

VDI Wirmeatlas, 6. erweiterte Auflage, VDI-Verlag GmbH, Diisseldorf, (1991)

Vickery, D.., Taylor, R., “Path-Following Approaches to the Solution of
Multicomponent, Multistage Separation Process Problems”, AIChE Journal, 32,
547-556 (1986)

Vickery, David J., Taylor, Ross, Gavalas, George A., “A Novel Approach to the
Calculation of Mass Transfer Rates from the Linearized Equations”, Computers
Chem. Engng., 8, 179-184 (1984)

Voigtlinder, C., “Modellierung des instationiren Wirme- und Stoffaustausches in
Blasen zur Simulation thermischer Trennverfahren” VDI-Verlag, (1995)

Walter, J.F., Sherwood, T.K., “Gas Absorption in Bubble-Cap Columns”, Ind. Eng.
Chem. 33, 493-501 (1941)

Wesselingh, J.A., comunicacion personal (1995)

Wesselingh, J.A., Krishna, R., “Mass Transfer”, Ellis Horwood, Chichester, (1990)

Woodward, John L., Moosemiller, Micheal D., Chopp, Robert, “Applying Risk
Assessment Principles to a Batch Distillation Column”, Process Safety Progress

15, (1996)

Yu, S., “Steady State Simulation of a Packed Distillation Column”, J. Chin. Inst. Chem.
Eng., 15, 129-142, (1984)



"ope}sa 9}sa ue 0onglodiy seb un esed sopejnoeo ugyse sisajugred anjua salojeA “tequ €101 A 9,0 B pepisuad (

610} 8zi1 S9E'0 z'sy G2'66¢€ sze SLIEL 6'v8 G5'GH- (z0'9) 95'Z11 ID°H®D | ouazuaqoiol)
€62 588 262'0 Ly S5'81€ oge S9'0L4 0'zL 51'G6- L'y v1'z6 *HD ouanjol
004 161 €420 Loy 62'08¢ 09¢ G.'08 v'ie 65'9 (sL'¢) 9l've 24P ouexayo|olo
(D 02)018 6z8 1220 g'sv G.'682 06§ SLLLL z'szi GZ'68- (1e'e) [4%7] O%H'D joueing-u
€€l (0 02)v08 §.2'0 'S 65'€92 169 SZ'L6 L'98 §2'92Z1L- (89°2) 0109 O°H®D jouedoid
(D 02)582 108 €20 9'Ly S1'6eT 0.9 sz'ze z'68 sv'g8- (89'2) 04'09 O°H*O Jouedosdos)
193 908 9/2'0 8'c9 S0'eve 98 se'sl 0'80L SO'vhL- (90'2) 098 O°H%O fouely
viL Z18 2.2'0 018 S¥'6€T 0041 59'v9 0'€0l 59'26- (ev't) y0'ze O'HOD [ouejapy
06L (0o0z)i98 082'0 T'se SO'EVE 6€€ se'8el v'001 sT'El w2'v) L1901 YD oualky-d
66 188 282'0 §'6e ove Sve GI'6€l 6'801 68'Ly- wi'y) 11'904 e g ouajAy-w
808 S06 882'0 gl S0'L6€ 8ve Sr'vvl 8'6z} G1'6Z- vi'y) L1'9014 OH'D OUBIAY-0
€64 688 z62'0 L'y S5'81E 09¢ S9'0L4 o'zL G1'G6- (t1'y) 4%+ *Ho ouanjo}
€64 006 2080 6'sy $6'g8Z v6€ Si'o8 L2'22) £5'S (e¥'c) bL'8L "1 ouazuag
sopeib [ew/6%:01]
00} sopesb o I Jeqd Do/l
(equgior) | (equgiol)
B/ Do B3/ o8 /By
ugoezuodea uQl|INgd 3p uoisny ugQIsny ap @leuuou jouny 6y
[cw/By); pepisueQg S04 sojeq ap eydiejug esnjesadwa) | op eidiejuz | esnjesadwal pepisuag Jejows esew | ejnuwuo4 opmnbq

sojuowrzadxs sof ua sopesn soyusuoduwiod sof ap sepepatdoid 101 Blqel




9. Anexo

239

9.4. Simbolos

Letra Descripcidn Unidad

A superficie m?

Aplato superficie del plato m?

B moles en calderin (bottom) kmol

B elementos de la matriz invertida de coeficientes de difusion s/m?

c calor especifico kJ/kmol K

c concentracién molar kmol/ m®

Cr constante de inundacion m/s
didmetro m
didmetro hidraulico de un agujero m
coeficiente de difusién de Maxwell-Stefan m?/s
coeficiente de difusion de Fick m?/s
potencia transferida por la interficie w

factor-F (carga de vapor)

aceleracion gravitatoria

energia de Gibbs especifica

caudal de vapor

entalpia especifica

entalpia especifica

caudal difusivo por superficie

coeficiente de transmisién de calor (cap. 2)
coeficiente de difusion (cap. 4y 5)
coeficiente de equilibrio

espesor de la lamina

caudal de liquido

longitud total de tubo (cap. 2)
caudal de masa del condensado

nimero de componentes (cap. 4, 5y 6)
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[M] matriz de derivadas de la linea de equilibrio (cap. 4) mol/mol
M peso molar (cap.4) kg/kmol
n cantidad total de moles kmol
N nimero de unidades de transferencia (cap.5) -
N numero de platos -
N nimero de componentes -
Ny nimero Avogadro -
N flujo molar promedio por superficie kmol/s m?
N flujo molar por superficie kmol/s m?
Ny Hold-up encima del plato mol
p presion Pa
pj presion en el plato j Pa
q residual en la ecuacién de Underwood -
0 energia, calor kJ
R relacién de reflujo (cap.5) -
R constante de gases ideales (cap. 4) kl’kgK
s renovaciones de superficie por intervalo de tiempo 1/s
S entropia especifica kJ/kmol K
tiempo s
te tiempo de exposicion / de contacto s
t espaciamiento de la torre (cap. 2) m
T temperatura K
u velocidad de moléculas m/s
U energia interna kJ/kmol
[U] matriz unitaria -
volumen m’
caudal de vapor m3/s
velocidad de vapor m/s
wy velocidad de vapor limite m/s
Zr longitud del trayecto de liquido en el plato m
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Simbolos griegos

Letra

Descripcion

Unidad

=TI IR N N N MY S N XX ™A R

<

<

Q ® € & S & s

volatilidad relativa (cap. 5)

coeficiente de transferencia de calor (cap. 2 y 4)
coeficientes de matriz "bootstrap”
actividad de liquido

factor termodinamico de correccién
pardmetro de convergencia (cap. 5)
espesor (cap. 2y 6)

delta de "Kronecker" (cap. 4)

diferencia

relacion de vapor en zona bifasica (cap.5)
grado de rugosidad (cap. 2)

conductividad de calor

calor de evaporacion (cap. 4y 5)

calor de evaporacio6n relativo

potencial quimico

distancia adimensional (cap. 4)

eficiencia de plato de Murphee (cap. 5 y 6)
viscosidad dindmica (cap. 2)

coeficiente de indicacién de tipo de transferencia

volimenes de difusion (célculo del coeficiente de difusion)

fugacidad

relacion superficie de agujeros / superficie plato (cap. 4)

parametro de enlace (ecuaciones Underwood) (cap.5)

factor adimensional de transferencia
funcién de distribucion de superficie
densidad de masa

tension superficial

W/m’K

W/m
kJ/kmol

kJ/kmol

kg/ms

1/s
kg/m3
N/m
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4 temperatura C
4 factor adimensional de transferencia -
= factor de correccion de flujo -
Subindices

b bulk

B bottom

D destilado

E entrada

e exposicion

ext exterior

i nimero de componente (de 1 hasta M)

int interior

IN entrada

j nimero de plato (de 1 hasta N+1 [calderin])

0 "overall"

ouT salida

oV "overall vapor", total vapor
P pared
salida
t total
TV tubo vacio
w agua (water)
ZB zona bifésica
tot suma total de todos los componentes
BB burbujas grandes “big bubbles”
SB burbujas pequefias “small bubbles”
Superindices
D desequilibrio (se refiere a la parte de vapor que no esté en equilibrio)

E equilibrio (se refiere a la parte de vapor en equilibrio)
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o

ouT

en la interficie
entrada
liquido

salida

vapor

indicacion para un valor por unidad de tiempo (1/sec)

condicion de operacion de flujo alto

equilibrio

promedio

Numeros adimensionales

Nu  Nusselt: Nu = 22k
A
ne
Pr  Prandtl: Pr=—-£
A
Re Reynolds: Re = 250
2k
Sk Sherwood: Sh= 5o
D,
Fo Fourier: Fo= %
R
]
S
Le Lewis: Le = ==
Sc  Schmidt: Se=22
P
General
() vector
[] matriz

()T

transpuesto
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