
pirical techniques are used to good ad- 
vantage for a very understandable 
treatment. The number of problems 
presented is generous. 

In addition to analytical treatment of 
steady and transient conduction, nu- 
merical techniques are also presented. 
For both forced and natural convection, 
an integral analysis is given, followed 
by presentations of empirical results. 
The nature of thermal radiation is dis- 
cussed and exchange analysis is by the 
network method. An introduction to 
two phase heat transfer systems is given 
in Chapter 9 on condensation and boil- 
ing. The treatment is more abbreviated 
than one would perhaps wish, but 
serves as a good starting point. Heat ex- 
changer design presents both the log 
mean temperature difference and the 
NTU effectiveness methods. The mass 
transfer chapter (Ch. 11) is far too 
brief to be effective. Special topics in 
Chapter 12 give a helpful introduction 
to several topics and the final chapter 
on Heat Transfer in the Environment is 
timely and undoubtedly will provoke 
student interest. 

The primary set of units used is the 
SI, with conversion tables given to the 
English units for those of us who still 
“think in the old system. 

To restate my initial appraisal: this 
is an excellent, well put together intro- 
ductory text on heat transfer. I recom- 
mend it. 

PHILIP F. DICKSON 
Colorado School of Mines 

Thermochemicol Kinetics, 2nd. Ed., Sid- 
ney W. Benson, Wiley Interscience, 320 
pp., $22.50, New York, 1976. 

This book has a subtitle: Methods for 
the Estimation of Thermochemical 
Data and Rate Parameters. This is more 
descriptive than the somewhat arcane 
title and almost directly suggests that 
the book represents an effort to make 
accessible to the chemical engineer and 
the industrial chemist the vast resources 
of chemical kinetics to predict, under- 
stand and control a host of phenomena. 

In chemical engineering, group ad- 
ditivity methods have been used for 
many years to estimate thermochemical 
quantities dealing with equilibrium 
systems. Professor Benson has perfected 
such methods but his originality has 
been to use these for the estimation of 
entropies and heat capacities pertaining 
to the most elusive species of all: those 
dealing with the so-called activated 
complex or transition state of chemical 
kinetics. Many examples are discussed 
in this book to illustrate the sometimes 
embarrassing agreement between esti- 
mated and experimental quantities. The 
treatment of S. W. Benson is unique in 
its scope and it reflects a lifetime of ex- 
pertise in the field. 

Two limitations must be mentioned. 
First, the treatment is limited to ideal 
gas phase reactions excluding specifi- 
cally all reactions with ionic or ad- 
sorbed intermediates. Of course, the 
wealth of processes covered is nonethe- 
less impressive: oxidation, combustion, 

atmospheric and stratospheric chemis- 
try, pyrolysis etc. The second limitation 
is more serious: the methods described 
do not apply to the estimation of activa- 
tion energies. For the calculation of the 
latter, Benson and Alfassi have pro- 
posed some s ecial semi-empirical 

to be tested. 
Perhaps the success of this book 

which amply deserves this second edi- 
tion, is that its author is not primarily 
an applied kineticist but a leading theo- 
retical one whose previous work 
Founhtions of Chemical Kinetics has 
been a lasting monument since 1960. 
This being said, it seems entirely fair to 
this reviewer to point out an error on 
page 2 of the present book. For a reac- 
tion with a general stoichiometric equa- 
tion, it is not generally correct to state 
[eqn. (1.3)] that the ratio of rate con- 
stants forward and reverse is equal to 
the equilibrium constant for the reac- 
tion. This was already pointed out years 
ago by several authors including Den- 
bigh in his classical book on Thermo- 
dynamics and discussed again recently 
[M. Boudart, J. Phys. Chem., SO, 2869 
( 1976) 1. 

In spite of this venial sin, Professor 
Benson’s little book is too valuable to be 
left on library shelves: it belongs to the 
desk of anyone dealing with thermo- 
dynamics or kinetics and who doesn’t? 

M. BOUDART 
Department of Chemical Engineering 

Stanford University 

rules, the genera 7 ity of which remains 

To the Editor: Since boundary layer solutions for cording to their numerical solution. 
In a recent article LeVan and New- problems of this sort are asymptotic Boundary layer theory gives precisely 

man [AIChE J., 22, 695 (1976)] are representations, the question is mainly the same functional form and K, cal- 
critical of boundary layer methods one of deciding whether or not the culated using Eq. 16 of Saville (1973), 
[D. A. Saville, Chem. Eng. J., 5, 251 Peclet number is large enough for the turns out to be 2.1 x lo8 cm3/g-mole. 
(1973) ; J. F. Harper, Q. J .  Mech. desired accuracy. LeVan and Newman It is true, as pointed out by LeVan 
Appl. Math., 27, 89 (1974)J when used a numerical method to solve the and Newman, that a boundary layer 
applied to estimate the distribution of full conservation equation for a Peclet model neglects (in the first approxima- 
soluble surfactant in the interface number of 60 and found that the tion) ddfusion in the &direction along 
around a small gas bubble rising terminal velocity of a small bubble is and near the surface. However, the 
through a liquid. Here the distribution lower than the Hadamard-Rybczynski qualitative features of the concentra- 
of suifactant fixes the variation of in- velocity by an amount rtC,U,. Here tion field are very similar to those pre- 
terfacial tension around the periphery C, is the surfactant concentration far dicted by the full numerical solution 
and the resultant change in stress from the bubble, U ,  is the Hadamard- except near the rear stagnation point. 
changes the terminal velocity of the Rybczynski velocity and K is a numer- There, although the boundary layer 
bubble. ical factor, 1.9 x 108 cm3/g-mole ac- solution exhibits weakly singular char- 

AlChE Journal (Vol. 23, No. 4) July, 1977 Page 613 



acter, the fact that the singularity is to zero, the series will not converge. Reply 
integrable [Harper (1974)l means (This point can be deduced from This confirmation of the utility of 
that the total drag can still be calcu- Equations 24, 26, and 29 of our paper.) Equation ( 9 ) ,  in my article [AIChE 
lated accurately. In his letter Saville writes that com- Journal 23, 10-16 (1977)], for fie tor- 

Upon comparing the numerical so- pared to a solution of the full convec- relation of data for combined free and 
lution given by Levan and Newman tive diffusion equation, boundary layer forced convection in electrochemical 
with the results obtained by boundary theory gives precisely the same func- and magnetoelectrical systems is indeed 
layer methods 1 conclude that the tional form for the terminal velocity of welcome. 1 regret that this work of Pro- 
latter still offer a reasonably accurate a bubble. Actually, this functional form fessor Fahidy was not available to me 
picture even at peclet numbers as low is independent Of the rate ~ o d e l  when the manuscript was prepared. 

adopted. It is obtained from fluid me- 
as 60. chanic results and surface chemistry STUART w. CHURCHILL 

D. A. SAVILLE assumptions, as shown in our paper. Department of Chemical and 
Department of Chemical Engineering For example, the same functional form Biochemical Engineering 

Princeton University would also be obtained if either surface University of Pennsylvania 
diffusion or adsorption kinetics were 
the dominant mechanism controlling TO the Editor: 

Reply 
We derived equations in our paper 

for the terminal and interfacial veloc- 
ities of a bubble or drop with an arbi- 
trary surface tension gradient at its in- 
terface. The boundary layer approach 
to diffusion, which could have been 
used in an example problem to calcu- 
late a distribution of surfactant at the 
interface of a freely circulating bubble, 
was mentioned only in the context that 
its use “would not result in reasonable 
interfuciat velocities.” 

A profile of interfacial surfactant con- 
centration obtained bv the boundarv 

” 
the distribution of surfactant. 

M. DOUGLAS LEVAN 
Amoco Production Company 

JOHN NEWMAN 
University of California, Berkeley 

To the Editor: 

In a recent paper [AZChE J., 23 (1) ,  
10-16 (1977)] S. W. Churchill em- 
ploys a regression parameter, n, for 
estimating the combined effect of free 
and forced convection on heat transfer 
rates in the laminar flow regime via the 
relationship (Eq. 9) 

McDuffies’ paper “Vortex Free 
Downflow in Vertical Drains” [AZChE 
j . ,  23, 37 (1977)l provides neat de- 
sign equations for the critical condi- 
tions for which supernatent fluid will 
be drawn into the bottom outflow pipe 
of a cylindrical tank with its axis ver- 
tical. It seems advantageous to quote, 
at the same time, the similar critical 
conditions for a cylindrical tank with 
its axis horizontal. The designer then 
has equations for his two most im- 
portant systems. 

The problem was dealt with by Gard- 
ner and Crow (1971) and Gardner, 

layer method for a freely circulating Crow and Neller (1973). It was shown 
that, at  larger liquid levels, the flow of bubble or drop is not consistent with 

the fluid mechanic problem. Our argu- water is restricted under critical condi- 
ment is based on analysis of two bound- and proposes that its generalized form tions by its ability to flow along the 
ary conditions. The first is the tangen- (Eq. 10, etc . . .) is “, . . presumed base of the vessel to the outflow. The 
tial force balance: to be valid for component transfer . . , restriction is of similar kind to that for 

A 
although confirmatory data are not a broad-crested weir. An empirical fit 

-- - - 778 - Tr8 at the interface. available.” to the numeiical solution of the theo- 
1 du 
R de 

= + “UF/NUN1n 

In recent publications Mohanta and retical equations gives 
H~~~ R is the radius of the bubble or Fahidy [Electrochim. Acts, 21, 143- 
drop, &/do is the surface tension gra- 147; 149-152 ( 1976) 1 have Shown ‘hat N = [ s]” = 0,619 ( ~ ) * ‘ 9 4  

dient, and mass which is valid in the range of (h, /R)  the impor- from 10-2 to unity. h, is the liquid 
shear stresse5 in the outer and inner transfer systems, 
fluids respectively. The second is a tance of the two modes may be esti- 

level far from the outflow, R is the boundary condition on the diffusion mated via an interaction parameter: 
equation: radius of the cylinder, Q is the 00w- 

(2) late to one side of the outflow, p is 
ac the liquid density, h p  is the density 

is 

A using experimental limiting current APgR5 (1) 
and ~~0 are the tangential density data in electrochemical 

[i/iN]l/n = 1 + [ i F / i N ] l / n  

Eq. 2 is isomorphic to Churchill’s equa- difference between 
tion except that the two parameters acceleration due to gravity. 

and - = 0 along the rear axis. 
ae 

Becauye of the neqlect of diffusion in “d’ are reciprocal to each other. For It  should be added that equation (1)  
the &direction, the second boundary ionic mass transfer in open channel is valid for the where there is a 
condition is not satisfied by a boundary flow our range, 213 < n < 2 comes- steady state, with liquid being added 
layer solution. As a result, the surface ponds to 1/2 < n < 3/2 in Churchill’s to the vessel normal to the liquid inter- 
tension gradient at the rear stagnation reIationship, whereas for magnetoelec- face. 
point is not equal to zero. In reality, trolysis our range, 1/3 < n < 3/4 cor- 
however, it must be zero because both responds to 4/3 < n < 3 in Eq. 1. 0 7 -  

of the shear stresses in the tangential Thus, the parameter “n’’ concept for 06- 

force balance are zero. combined free and forced convection 05- 

Our series solution for the interfacial has, indeed, experimental justification 8 0 4 -  

velocity was derived using the tangen- in the analysis of mass transfer, at cues. 
tial force balance as a boundary c o d -  least in the quoted surface/flow con- Op. . 444 + 5 0 4  A 7?0 tion. If a surface tension gradient which figurations, . 
is not consistent with this boundary . 1094 

condition is suhstituted into the series, T. Z. FAHIDY “0 01 0 2  0 3  04 05 

reasonable results are not obtained. In Department of Chemical Eneineering N o s ”  

fact, if the surface tension gradient at University of WaterIOO Fig. 1. Critical conditions compared with 
the rear stagnation point is not equal Canada theory. 
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Fig. 1 shows experimental results 
obtained with a wide range of flow- 
rates and of the ratio of the vessel 
diameter D to the outflow diameter d. 
It is clear that Gardner and Crow’s 
relation fits the results for (h , /R)  > 
0.23 but that there is a trend towards 
Harleman, Morgan and Purple’s rela- 
tion for smaller values of ( h , / R ) .  This 
is not unexpected since the flow pattern 
towards the outflow might be expected 
to become more axisymmetric with re- 
spect to outflow at low liquid levels. 
I t  is noted that the outflow diameter 
does not appear to be a significant 
parameter. 

G. C. GARDNER 
Central Electricity Research 

Laboratories, 
Kelvin Avenue 

Leatherhead, Surrey, KT22 7SE 
England 
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Reply: 
Gardner’s letter provides quite a fit- 

ting supplement to my paper. I t  might 
be concluded from his letter and re- 
lated references for drains of cylindrical 
tanks with horizontal axes that there 
are two down0ow regimes for H / D  
ratios above those producing simple 
weir flow ( D  = drain diameter). The 
first of these is for the lower range of 
H / D  values. It is one in which the 
controlling flow is in the drain itself. 
The second is for the higher range of 
H / D  values (and Froude numbers). 
There the flow is limited to a maximum 
critical horizontal Froude number, 
Fr; = V / d s  = 1.0, where la is the 
height of the liquid in the horizontal 
flow channel. 

I t  can be shown that a critical hori- 
zontal Froude number also exists for 
radial inflow at the base of a cylindrical 
tank with a vertical axis as well (see 
Figure 1) .  At any radius, r, the total 
head, NT, is 

Jz 

t 
h0 

where H = h at r = 012. I would 
not recommend any revision of the de- 
sign equations suggested in my paper 
to fit this three-regime concept. The 
complexity is not justified for design, 

NORTON G. MCDUFFIE 
Chemical Engineering Department 

University of Calgary 
Calgary, Alberta, Canada. 

Errata 
In “A Simple Method for Sdety 

Factor Evaluation” by Yghl Volkman 
[AZChE I., 23, 203-20 (197711, the 
illustration for Figure 2 should appear 
as follows: 

Fig. 1. Downflow system for cylindrical tank 
with vertical axis. 

that, for the general case of horizontal 
inflow, at any radius, r, 

R 

(2) 

assuming that can have nonzero (2) Unimodal symmetrical (bound) 
ues at T = r, and that the horizontal 
Froude number at this boundary is 
equal to, or less than the critical value 
of 1.0. If this condition of choked hor- Pellets,” 
izontal inflow occurs at the edge of 
the drain, where T = D/2, the maxi- 
mum superficial Froude number within 
the drain is given by the relationship, 

Fig. 2. Sample calculations of  safety factors: 
bC/7 = 0.2). 

(1) General (bound) 

(3) Normal dfitribution 

In Generalized Expression for the 
Effectiveness Factor of Porous Catalyst 

(1977)] by S. W. Churchill, a factor 
of T~ is missing from an entry in both 
Tables 1 and 2 and 271* from an entry 
in Table 1. These entries under In- 

[AlChE J., 23, 208-210 

This equation fits my data at drain 71’ d o ( 7 1 )  

( ) 2Bi -k 211{7,) 
after- : - Froude numbers above 4.0 better than 

the Kalinske, or the Harleman equa- 
tion. The concept of a choked horizon- This error does not influence the bal- 
tal flow condition can also be invoked ance of the paper. 
to explain the fact that in my experi- The second term on the left side of 
ments the liquid downflow rate could Equation (6)  should read (CJCb), 
not be increased beyond a given value and the second term from the right of 
at any one liquid height, even with Equation (7) should read k , (Cb  - 
increasing vessel pressure and air flow C , ) / S .  
rate through the drain. With the in- I t  should have been noted that the 
corporation of this third type of flow results of this paper can also be inter- 
limit the equations best fitting my data preted as the effectiveness factor for 
are: heat transfer by fins and spines. 

Flow Type H/D Equation 

Y 
(1) 

vz 
HT=- 2g + h  - 

where V is the radial fluid velocity Weir 
toward the axis of the cvlinder. At a 

Drain Limited critical maximum horizontal Froude 
number, Fr,’ = V/@ = 1.0, the 

11 - 4 0.4 
D 
H 
D 

Fr = 2.36(H/D)l.S (Souders) 

0.4 < - 1.0 Fr = 4.28(H/D)2 (Kalinske) 

H 
1.0 < - D Ff = 4.0(H/D)1.5 Choked Horizontal situation is such that inflow to a small- 

er radius must be accompanied bv an 
increase in liquid height, h. It follows Radial Inflow 
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