
Lawrence Berkeley National Laboratory
Recent Work

Title
RIGOROUS AND SHORT-CUT DESIGN CALCULATIONS FOR GAS ABSORPTION INVOLVING 
LARGE HEAT EFFECTS PART I. A NEW COMPUTATIONAL METHOD FOR PACKED GAS 
ABSORBERS

Permalink
https://escholarship.org/uc/item/3tg0z8jt

Author
Stockar, Urs V.

Publication Date
1976-09-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3tg0z8jt
https://escholarship.org
http://www.cdlib.org/


( 

u ..) I ..) ,j 

Submitted to Industrial and Engineering 
Chemistry, Fundamentals 

LBL-5274 l 
Part I C. 
Preprint 

RIGOROUS AND SHORT-CUT DESIGN CALCULATIONS FOR 
GAS ABSORPTION INVOLVING LARGE HEAT EFFECTS 

PART I. A NEW COMPUTATIONAL METHOD FOR 
PACKED GAS ABSORBERS 

Urs v. Stockar and Charles R. Wilke 

September 19 76 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W -7405-ENG-48 

for Reference 

Not to be taken from this room 

~­. --



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



.. 

0 u u 0 8 0 

RIGOROUS AND SHORT-CUT DESIGN CALCULATIONS 

FOR GAS ABSORPTION INVOLVING LARGE HEAT EFFECTS 

PART I. A NEW COMPUTATIONAL METHOD FOR 

* PACKED GAS ABSORBERS 

by 

Urs v. Stockar 
and 

Charles R. Wilke 

Lawrence Berkeley Laboratory 

and 
Department of Chemical Engineering 

University of California 
Berkeley, California 94720 

This \vork was done with support from the U.S. Energy f"!.esearcll and 
Development Administration. Any conclusions or opinion:-; cxpre:-;:-;cd 
in this report represent solely those of the author(s) and not 
necessarily those of the Lawrence Berkeley Laboratory nor of the 
u.~;. I::nerqy J.~esearch and Development Administration. 



i 

ABSTRACT 

Gas absorption in packed columns has been modelled taking 

into account all heat effects for physical gas absorption. 

Multicomponent diffusion effects were incorporated in terms of 

the film factor concept. An algorithm of very stable con­

vergence behavior was obtained by simulating the start-up 

procedure of the column dynamically in order to evaluate the 

steady state operation. The importance of rigorous design 

calculations was assessed by comparing the rigorous solution with 

simplified hand-calculations for a large number of cases. If the 

solvent is volatile, it appears impossible to estimate the highly 

irregular temperature profiles by hand and to design the column 

approximately by simplified calculations based on neglecting one 

or more of the heat effects. Simplifying assumptions are also 

unsuitable to obtain a limiting conservative design. 

• 
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I. INTRODUCTION 

Whenever a gas absorption process is to be designed, one 

of the most important considerations should concern the temper-

ature distribution within the column because the solubility of 

the solute gas generally depends strongly on temperature. This 

profile must either be calculated by modelling the system 

rigorously or estimated by introducing simplifying assumptions. 

The classical assumption consisted of treating the process as 

isothermal. This made the design calculations extremely -simple; 

e.g. on a McCabe-Thiele diagram. 

An alternative classical simplification allowed for the 

heat of solution and rested on the assumption that the heat of 

solution will manifest itself entirely as sensible heat in the 

liquid stream. On the basis of this simple adiabatic model it 

becomes possible to relate the temperature increase experienced 

by the liquid flowing through the tower to the concentration 

increase through a simple enthalpy balance and thus to correct the 

equilibrium line in a Y-X diagram for the heat of solution. 

But both these models represent oversimplifications, since 

the real situation implies a multitude of heat effects: 

1) The heat of solution tends to increase the temperature and 

thus to reduce the solubility. 

2) In case of a volatile solvent, partial solvent evaporation 

will absorb some of the sensible heat. This effect is particu-

larly important with the cheapest of all solvents, namely, water. 

3) Sensible heat will be transferred from the liquid to the gus 

phase and vice versa. 
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4) Sensible heat will be transferred from both phase streams 

to the shell of the column and from there to the outside, or to 

cooling coils. 

These heat effects may only be neglected in very special circum­

stances, which are not normally fulfilled (l). If cooling coils 

are absent, it is often possible to neglect heat effect No. 4, 

since large scale absorption towers can be shown to operate pre­

dominately adiabatically (l) ,(2). Although the temperature 

increases in gas absorption towers may alter solubilities very 

drastically, they often are not sufficiently large to cause an 

appreciable heat transfer to the surrounding air. 

In the general case the temperature profile is determined 

by all four heat effects simultaneously. The temperature in turn 

influences the transfer of mass and heat to a large extent by 

changing the solubilities. This turns the simple process of gas 

absorption into a very complex process, with all factors ex­

hibiting a high degree of interaction, which is essentially 

impossible to calculate without the aid of a digital computer. 

In this paper, a rigorous model of the system will be 

presented along with a novel computing technique of superior 

convergence properties, which may serve to des~gn gas absorption 

processes in packed towers rigorously on the computer while 

accounting for all possible heat effects. It is the goal of the 

second paper, Part II to present a new short-cut design 

procedure which also takes into account the heat effects and thus 

yields much better results than the two classical models mentioned 

at the beginning, while requiring rather less computation, 
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II. FUNDAMENTAL EQUATIONS 

If one interprets the process in terms of the two film theory, 

the application of the classical rate equations for mass transfer 

is inappropriate, because the gas phase mass transfer coefficient, 

kG,· is a function of concentration, since one is dealing with a 

situation involving diffusional tr~nsfer of several components 

simultaneously: 

(1) 

In principle, the mass transfer coefficient may only be regarded 

as constant in the special case of no net molar transport through 

the film, i.e. with equimolar counterdiffusion, which is obviously 

not necessarily true here. A possible choic~ in such situations 

are Colburn-Drew type ·rate equations (3)1 which operate with 

constant transfer coefficients, but are of very different form 

than the ordinary rate equation (1). 

In order to preserve the normal concept of a linear driving 

force we based our model on the so called film factor concept 

developed by Wilke (4)which· assumes that the flux through the 

stagnant film adjacent to the interface is given by expressions 

such as the following: 

N = 
A 

The last term in Eq. 2 represents the bulk flow of gas through 

the film, as tA is defined as 

(2) 
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L . N. 
t = 2_1_ 

A NA 
(3) 

Equation 2 can be rearranged and integrated over the diffusion 

path to yield the following rate equation: 

1 
(4) 

where 

(1 - tAYA) - (1 - t YAi) 
(Yf) A 

A (5) = 
1 - tAYA 

ln 1 - tAYAi 

and 

(6) 

The gas phase mass transfer constant k~ in the modified rate 

equation (4) has thus been made independent of the effect of 

net molar transport through the film. In situations involving a 

pair of ideal gases and in multicomponent mixtures where 

constant effective mean diffusivities DAm may be used, k~ is 

independent of concentration and constant. (For mixtures with 

a stagnant component the values of DAm may be calculated according 

to the procedure suggested by Wilke (4). Formulas for DAm in 

tertiary mixtures with a stagnant component are given by Treybal 

(5).) The concentration dependence due to the ·net molar transport 

in the rate equation (4) is separated from the transfer coefficient 

and reflected by a special function called the "film factor," Y f" 

In situations with no net molar transport through the film, 

i.e. with equimolar counterdiffusion, the factor termed "t" 

becomes zero and the film factor equals unity irrespective of the 

concentrations. The modified rate equation (4) reduces, therefore, 

to the classical rate equation (1) with a constant gas phase mass 
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transfer coefficient, If, on the other hand, only one substance 

diffuses as in the common situation of unidirectional diffusion 

through a stagnant gas, t becomes unity and the film factor, Y i,. 
reduces to the familar logarithmic mean of stagnant gas concen-

tration between bulk and interface conditions, normally termed 

YBM: 

(l - Y) - (l - Y;) 

l - y 
ln 1 :_ Y. 

1 

(7) 

The film factor, Y f, may therefore be interpreted as a YBM-factor 

generalized for more than one diffusing component which corrects 

the rate equations for the effect of net molar transport of 

material through the film. For strong counterdiffusion, giving 

rise to a net molar movement of mass which is opposed to the 
. . 

diffusion of the species urider consideration, the film factor 

becomes larger than unity and therefore decreases the flux of this 

species. For weak or negative counterdiffusion, producing a bulk 

movement in the same direction of the diffusion of the component 

under consideration, Yf .is smaller than one and increases its flux. 

In special situations the counterdiffusion may become large 

enough to reverse the direction of transport of a given component 

and thus to force it to diffuse against its own driving force. 

These situations are characterized by negative film factors. 

For integration purposes it is often preferable to work with 

heights of a transfer unit rather than with mass transfer co-

efficients, as the former may be considered constant in a wider 

range. The rate equation for the model then becomes: 



with 

N.a = 
J 

(Y. - y .. ) 
J Jl. 

1 
• (Yf) . 

J 

= gas phase height of a 
transfer unit 

j = A for solute, j = B for solvent 

8 

(8) 

(9) 

Since the "film factor concept" preserves the familiar form of 

a linear driving force, the interfacial concentrations may be 

found in the usual way as the intersection of the equilibrium 

curve and a tie line whose slope is given by: 

Y. -
J 

x. -
J 

y .. 
Jl. 

xji 

::; 
=- HG,j LM (Yf)j 

HL GM (Xf)j 
(10) 

This expression is found by combining Eq. 4 with a similar one 

for the liquid side. In solving the equations advantage can be 

taken of the fact that the film factors, and especially their 

ratio, are in many cases not far from unity. 

The interfacial temperature is found by a similar procedure 

applying rate equations for the sensible heat: 

(11) 

In an analogous form to Eq. 4, in Eq. 11 the gas phase heat 

transfer coefficient has been made independent of mass transfer 

effects, which are reflected in a special function, Tf: 

(12) 

(13) 
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·. 
2. The Dynamic Model 

The convergence problems associated with the two point 

boundary value problem can be avoided.and a certain convergence 

insured by simulating the start-up procedure.of the ca.lumn. If 

the model of the column is realistic enough, the computation 

must converge irrespective of the starting values--just as the 

physical column does. 

This method has been developed and its effectiveness demon-

strated only for plate absorber calculations (10) (11) (12). To 

apply it to packed columns, the differential unsteady state mass. 

and enthalpy balances must be formulated for the packing and 

integrated with respect to time up to the steady state: 

a(LM XA) a (GMY A) ax A 
== at b az az (14) 

d(LM hL) a (GM hG) 
H 

aiiL 
az az == ~b ex ' ( 15) 

a. General Procedure 

Convenient algorithms for the above procedure are shown in 

Figs. 1 and 2. Since the dynamic model closely simulates a real 

column, the computations should be done at a fixed tower height. 

If, in the design calculation, the steady state does not yield the 

specified recovery, the· tower height is adjusted iteratively as 

shown in Fig. 1 to match the specification. Very fast convergence 

is obtained using a Newton-Raphson scheme based on a logarithmic 

function of the recovery, because the solute content of the exit 

gas roughly decreases exponentially with the tower height. 
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1/Tf is equivalent to the Ackermann correction for large mass 

transfer fluxes (6). 

III. COMPUTATIONAL METHOD 

1. General Considerations 

It can be shown that the degrees of freedom available in gas 

absorber calculations never suffice to specify all the variables 

"· in one of the exit streams if the feed streams are specified. 

Therefore, the state of neither end of the column is known com-

pletely in advanc~which leads to a two point boundary value 

problem when integrating the profiles through the tower. This 

integration is usually started at one end of the tower by 

assigning trial values to the unknown variables in the exit stream 

which must be checked and improved iteratively. In gas absorption 

calculations, this may present extremely difficult convergence 

problems requiring a great deal of experienced judgment in choosing 

the trial values (7) (8). Among the more important reasons which 

have been discussed indetail by Bourne et al. (1), 

is that most gas solutions involved in gas absorption processes 

are strongly non-ideal in behavior and thus give rise to a highly 

coupled and non-linear system of equations and to irregular, 

unpredictable concentration and temperature profiles. 

A computational method based on such iterations was suggested 

by Treybal (5) and tested by Raal and Khurana (9). Although it 

worked well for the absorption of ammonia in water at molar L/G 

ratios of higher than 6, it is not known whether it would converge 

in cases with lower L/G ratios and with highly irregular temper-

ature profiles exhibiting sharper maxima. 
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To simulate the accumulation rates at various locations in 

the column in a digital computer, it is necessary to divide the 

packing up arbitrarily into segments of finite length. Our model 

approximates the absorber by a number of seg,ments of uniform 

average liquid concentratio~s and drivirtg forces. The accuracy 

of the approximation is, of course, increased if more of those 
} 

segments are introduced, but the number of segments required for 

a certain degree of accuracy depends on the nature of the problem 

under consideration. On the other hand, it was found that the 

computations reached the steady state much· faster with a small. 
~. . '. . 

number of segments. It was, therefore, possible to economize a 

substantial amount of computing time by first calculating the 

profiles roughly using a small number of segments, e.g. 25. The 

subsequent refinement of the profiles with a larger number can 

be done in a comparatively short time because it requires only 

minor adjustments to already existing profiles. To take full 

advantage of this strategy, our program was equipped with a 

special subroutine capable of adapting the profiles to any new 

number of segments by estimating the values in the new sub-

divisions through interpolatiori •. 

As shown in Fig. 1, the accuracy of the approximation by a 

given number of segments was checked by integrating numerically on 

the basis of the established profiles the following equation, 

which represents a rigorous expression for the tower height i~ 

terms of the film factor theory: 

y 
.l 

(Yf) A 
hT f liG = 

(l - tAYA) 
(16} 

y2 
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Fig. 2. Algorithm for integrating unsteady state 
mass and enthalpy balances. 
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'!'he value computed by Eq. 16 and the current value used to 

integrate Eqs. 14 and 15 to the steady state normally embrace 

the true solution and converge to it as the number of segments is 

increased. The computations done for this study were normally 

carried out with an accuracy of 1-2% which never required more 

than 100 segments. 

b. Integration 

The algorithm integrating Eqs·. 14 and 15 is shown in Fig. 2 

and its general organization is similar to corresponding algorithms 

published for tray columns (1) (10). The computations start by 

setting the liquid compositions and mean molar liquid enthalpies 

in all the segments, an array of numbers called the "state vector," 

equal to the corresponding values in the entering solvent stream, 

i.e. the column is filled up with the solvent feed. 

Starting from the known gas feed at the foot of the power 

and working upwards, the states of the gas streams leaving each 

segment or. slice may be computed by mass and heat balances 

neglecting the gas hold-up in the segments: 

(17) 

GM h - GM,k fiG,k - qka ~z , k+l G, k+l - (18) 

k+l = (19) 

use of Eqs. 17 and 18 requires evaluation of the fluxes N. and 
J 

qk v1a Eqs 8 and 11, for which the interfacial compositions and. 

the interfacial temperature must be known. They are evaluated 
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first on the basis of the known states of the bulk liquid and 

gas phases using Eqs. 10 and 11. 

Tocompute th~ interfacia{ con-ditions the following 

additional information is required: 

Physiochemical data: 

1) Equilibrium partial pressures of solute and solvent as 

functions of temperature and composi t1on, allowing for non....:.ideali ties 

as accurately as possible: 

Y . . = f . . , (T . , P ) 
J1 )1 1 

(20) 

2) Heat of solution HOS for the solute and latent heat of evap­

oration HV for the solvent. A single constant typical for the 

concentration and temperature range of interest is often sufficient. 

3) Specific heat capacities of all the substances in the states 

in which they are present. 

Mass, heat and momentum transfer data: 

1) Gas and liquid heights of a transfer unit for the transferring 

substances, HG . and HL .. At high concentrations, their variation 
, J , J 

with .the mass velocities should be accounted for; HL should be 

given as a function of temperature. 

2) Pressure drop as a function of the mass velocities. 

This data is supplied to th~ program either as constants or in the 

form of regression models fitted to experimental values and 

organized as independent sub.routines. 

The algorithm used to solv.e for the interfacial condi t.ions 

determines tA and Tf iteratively in an outer loop applying Eqs. 

3, 12 and 13. In a nested loop, the interfacial concentrations 

and temperature are found by means of Eqs. 10, 20 and 11. and 
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Eq. 8 is used to compute the fluxes. When the film factors are 

still unknown at the first time they are evaluated for each 

segment, their ratio may be assumed unity as a good approximation 

in the first trial. Interations were normally carried out follow-

ing a modified Wegstein method. 

After determining the states of the gas streams leaving the 

sli·ces for the whole column, the liquid flow profile (LM) is 

completed from 

(b = canst.) 

leading to: 

The time derivative of the state vector is then calculated 

(21) 

(22) 

applying a finite difference form of Eqs. 14 and 15. New values 

for liquid concentrations and mean molarenthalpies are found by 

integrating over ~t, e.g. employing a simple linearization or a 

Runge-Kutta procedure. The new liquid temperatures in the segments 

are found from ·the new values for the mean molar enthalpy and the 

composition of the liquid. 

The integration is discontinued and steady state assumed 

when the accumulation rates of the column, based on the segment 

showing the largest accumulation rate, have fallen below a certain 

fraction of the liquid flow rate, e.g. 1%: 

L k l ] [ I MiL T k l x-- < 0.001" Np max -- -_--
A,k 6t hL,k . 

<0.001] (23) 

The algorithm just described is given in full detail and further 
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explained elsewhere (15) • 

c. Convergence behavior 

The computing time requirement to reach the steady state 

decreases as ~t is increased, but no convergen~e is obtained if 

the time step exceeds a certain value. When a linearization was 

used for the integration, the critical value of ~t, giving the 

fastest possible convergence, was found to be in an almost 

constant relation to the residence time of the liquid phase in 

each segment, irrespective of the problem under consideration: 

0.77 ~ ~ 0.9 

Computing at a ~t near the critical value, a CDC 7600 digital 

computer needed l~ss than 2 seconds to reach a steady state ~ith 

50 segments. 

IV. . RESULTS 

1. Calculated Profiles 

The consequences of large heat effects are illustrated in 

Figures 3 and 5 using a typical design example. The example 

was selected from the textbook "Mass 

Transfer" by Sherwood, Pigford and Wilke (13) and is ,specified as 

follows: 4000 ft 3 of air per hour containing 6 mole-% of acetone 

are to be scrubbed countercurrently with water in order to. 

recover 90% of the acetone. The water flow rate is 20% greater 

than the theoretical minimum and the temperature is l5°C. The gas 

is also at l5°C and saturated with water vapor. The problem calls 

for the determination of the required height of packing. (Details 

of the problem and of the solutions are given in the appendix of 

Part II of this work.) 
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Figure 3 shows the rigorously computed temperature and gas 

concentration profiles for this example. It is a typical 

feature of such calculations that the shapes of the temperature 

profiles are highly irregular and often exhibit maxima within the 

column. Such internal temperature maxima have been observed 

experimentally in plate and packed absorbers (9) (16) (14) and 

shown to agree closely with rigorous computations. 

The temperature maximum occurs· in part because the heat of 

solution causes the entering liquid stream to be heated up ~on-

siderably. In the lower part of the tower, however, the heat of 

absorption is smaller than the opposite heat effects of solvent 

evaporation and heat transfer to the cold entering gas so that 

the net effect is a cooling of the liquid phase. As is obvio~s 

from Fig. 3, these transfers are reversed in the upper part of 

the column where the gas gives up se'nsible heat to the liquid and 

some of the solvent condenses from the gas stream into the liquid 

stream, which is therefore heated up much faster than would be the 

case with the absorption alone. 

Because of solvent evaporation and condensation, the degree 

of counterdiffusion varies widely over the tower, as illustrated 

in Fig. 3 by the profile of the factor t , whicb is used in Eq. 5 
A 

to compute the film factor along the packing. tA assumes negative 

values near the bottom of the tower, where solvent evaporation 

causes strongcounterdiffusion, and varies to positive values 

higher than unity in the upper part, where solvent condensation 

causes parallel diffusion. The two conventional simplifying 

assumptions, namely, equimolar counterdiffusion (tA = 0) and 
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unidirectional diffusion through a stagnant gas (tA = 1) are valid 

approximations only in very short segments of. the packing. 

Figure 4 depicts the rigorously computed Y-X diagram for 

example shown in Fig. 3. The temperature inaximumwithin the 

column produces a region of reduced solubility reflecting itself 

in the typical bulge in the middle of the· equilibrium line (d). 

Since less acetone is absorbed in this part of the equipment, the 

gas concentration curve exhibits a .slight plateau (Fig. 3). 

2. Comparison of Rigorous Solution and Approximations 

The example may also serve to demons.trate how difficult it 

is to.estimate the required depth of packing·approximately using 

simplifying assumptions. The isothermal approximation fails com-'-

pletely in this case yielding 6.4 ft of required packing as opposed 

to th~ rigorous answer of 11.90 ft. Neglecting the temperature 

increase completely, this model assumes a solute solubility much 

too large~ reflected by equilibrium line (a) and thus underestimates 

the rigorous result by 90%. 

The standard way to correct approximately for the heat of 

solution is to·employ the simple adiabatic model mentioned in the 

introduction, which yields equilibrium line (b) if the gas phase 

driving force is used and line (c) on the basis of the overall 

driving force. (These two equilibrium lines. coincide in.· non-

isothermal gas absorption diagrams only in cases with no liquid 

mass transfer resistance. Because the interfacial temperature 

Ti and the bulk liquid temperature are virtually equal, the, 

equilibrium concentration, Y~ , i.e. the gas concentration which 

would be in equilibrium with the bulk liquid (XA' TL) is connected 

on the diagram with the actual interfacial concentration Y. by an 
l ' 
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isotherm.) 

The simple adiabatic model is obviously a poor representation 

of the conditions prevailing in the absorber, as demonstrated by 

the deviation of its equilibrium line (b) from the rigorous line 

(d). The approximation underestimates the true value of 11.9 ft. 

by more than a third and yields 7.8 ft • 

. The rigorous design procedure is compared with the isothermal 

and the simple adiabatic approximat_ions in Figs. 5 and 6 by 

plotting the results over 90 hypothetical rigorous design calcu­

lations versus the approximation estimations. Most of the cases 

involve volatile solvents. The design examples, which cover a 

wide range of system properties and operating conditions are 

described further in Part II, Table 1 where they are employed as 

a basis for development of a short-cut design procedure. With 

the isothermal approximation (Fig. 5), the points are scattered 

over a wide range and indicate that the rigorously computed tower 

heights often exceed the estimations by almost a factor of two. 

A much larger fraction of cases fall on the ideal 45 degree line 

if the simple model of adiabatic gas absorption is used as an 

approximation. Many cases, however, are still underestimated by 

as much as 30%. 

One might argue that the simple adiabatic model should at 

least be of value in obtaining a conservative result or an upper 

limit, as the two heat effects neglected by this model, namely 

solvrint evaporation and heat transfer to the gas phase, can both 

be expected La "cool" Lhe liquid phase. Bourne ct ul. (14). 

indeed found that the model often yielded more conservative 

results than both the rigorous calculations and the experimental 
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measurements in a study on plate absorbers. In the calculations 

depicted in Figs. 4 and 6, however, this is obviously not the 

case: the simple model underestimates the true value in most 

cases by up to 30%. This condition is typical for higb solute 

recoveries, where the exit gas cannot deviate far in temperature 

from the cold solvent feed. The amount of enthalpy which can be 

removed by the gas phase, and therefore its overall cooling effect, 

is very limited in such cases. Although a large amount of 

sensible heat is absorbed in the lower part of the tower by the 

gas phase due to solvent evaporation, most of it must be .returned 

to the liquid near the top and merely serv~s . to heat it .4P. 

Therefore, the temperature maximum becomes more pronounced, the 

average temperature' higher and the amount of required packing 

larger than without solvent evaporation and liquid/gas heat 

transfer. 

V. CONCLUSIONS 

The results of this study show that nothing short of the 

rigorous calculation on the computer will yield a sufficiently 

certain solution for design purposes if the solvent is volatile. 

Although the conventional short-cut techniques, the isothermal 

approximation and the simple adiabatic model may give good 

estimations in certain cases, their accuracy is no better than 

mere rough guesses in other instances .. and, more important, it is 

not normally possible to recognize the cases in which the simple 

computation suffice beforehand without a rigorous treatment on 

the digital computer. 

The rigorous solution is readily available through the 
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algorithm employed above. The dynamic model, based on the film 

factor concept, guarantees a stable and certain convergence in 

all cases irrespective of the starting values. 

Despite the reliability of the present rigorous method an 

approximate, reasonably accurate, short-cut method would be very 

desirable. For even if computer access is available and 

appropriate models known through the literature, it still takes 

a considerable amount of time and effort to set up a program of 

this complexity and to insure its trouble-free operation. This is 

often too time consuming and cumbersome a procedure to follow for 

a first approximate assessment of a design problem. Therefore, 

the development of a suitable short-cut design procedure will be 

described in Part II of this study. 
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Symbols 

a 

b 

c p 

c 
q 

D. 
Jm 

HG 

HL 

HOG 

Hos 

Hv 

hG 

fiG 

hL 

hT 

kG 

k' 
G 

m. 
J 

Specific interfacial surface, ft-l 

Specific liquid holdup, lb moles/ft3 

Specific heat of a gas, cal/(mole)°C) 

Specific heat of a liquid, cal/ (inole) (°C) 
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Effective diffusivity of component j in a mixture, 

ft
2
/hr 

Molar gas flow rate, 
2 

lb mole/(hr) or lb mole/(hr) (ft ) 

Enthalpy loss transferred through shell and cooling 

coils, cal/(hr-ft2 ) 

Gas phase height of a mass or heat transfer unit, ft 

Liquid phase height of a transfer unit, ft 

Overall gas phase height of a transfer unit, ft 

Integral heat of solution for solute, cal/mole 

Heat of vaporization for solvent, cal/mole 

Heat transfer coefficient for gas film, cal/(hr) (ft2 ) (°C) 

Mean enthalpy of the gas, cal/lb mole 

Mean enthalpy if the solution, cal/lb mole 

Required tower height, ft 

Gas phase mass transfer coefficient, lb mole/(hr) (ft
2

) (atm) 

Modified gas phase mass transfer coefficient, independent 

of concentration, lb mole/(hr) (ft2 ) (atm) 

Modified gas phase mass transfer coefficient, independent 

of concentration, lb mole/(hr) (ft2 ) 

Molar liquid flow rate, lb mole/hr or lb mole/(hr) (ft
2

) 

Slope of equilibrium line of component j, if without 

subscript, for solute 



N 
p 

N. 
J 

p 

0 
P· 

J 

q 

T 

t 

t 

t. 
J 

X. 
J 

Y. 
J 

y~ 
J 

(Yf) . . J 

z 

p 
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Number of segments in column 

Flux of component j through interface, lb mole/(hr) (ft
2

) 

Pressure, atm 

vapor pressure of pure component J, atm 
2 

Heat flux through interface, cal/(hr) (ft ) 

Temperature, °K oroc 

Net molar bulk flux per flux of solute, Eq. 3 

Time, hr 

Net molar bulk flux per flux of component j, Eq. 3, 

Absorption is counted positively 

Mole fraction of component j; if j not specified, 

of solute 

(1-t.X.) - (1-t.X .. ) 
J J . J Jl , liquid film factor for 

component j; if j not specified 
for solute 

= 1-t.X. 
ln J J 

I-t .X .. 
J Jl 

Mole fraction of component of component j; or of solute 

if j not specified 

Equilibrium concentration of component j, or of solute 

if j not specified 

Gas film factor of component j, Eq. 5; or of solute 

if j no specified 

= 
(1-Y) - (1-Y.) 

l 

1-Y 
ln r=-y:-

1 

* = (1-tY) (1-tY ) 
l - tY ln 
1 - tY 

Packed height, ft 

logarithmic mean of stagnant gas 
concentration 

film factor, overall driving-force 
basis (for solute) 

Height of one segment 

Mean density of liquid, lb mole/ft
3 



Subscri,pts 

A 

B 

c 

G 

AV 

i 

j 

L 

k 

1 

2 
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Component A = solute 

Component B = solvent 

Component c = inert gas 

Gas 

Average 

Interphase 

Component j 

Liquid 

Segement k, Segments are numbered from bottom to top; 

values refer to cross section below segment with 

corresponding numbers 

Foot of absorber 

Top of absorber 

., 
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Captions 

Figure 1 Flow diagram for computing packed gas 

absorption columns 

Figure 2 Algorithm for integrating unsteady state 

mass and enthalpy balances 

Figure 3 Computed. rigorous profiles through column 

for design example 

Figure 4 Liquid temperature profiles at different 

operating conditions 

Figure 5. Y-X diagram for absorption of acetone in 

water (see Part II) 

Figure 6 Comparison of rigorous calculation and 

isothermal approximation 

Figure 7 Comparison of rigorous calculation and 

simple adiabatic model 

.. 
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