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fxe. Thus, for a reaction of arbitrary 
order n 

reaction rate = k Cwn = 0 (C - C,) 

In accordance with Frank-Kamenetskii 
( 2 ) ,  5 = C d C .  Then 

reaction rate = 

(1) 

lcC"5"= PC(1-5)  ( 2 )  
The dimensionless concentration ratio 
5 is found by solving Equation ( 2 )  

Equations ( 2 )  and ( 3 )  are easily 
applied to an experimentally interest- 
ing case: a differential tubular reactor 
with reaction occurring along the tube 
wall, reactant supplied to the wall by 
dfiusion from fluid passing through 
the tube. For fully developed laminar 
flow, = ~ N R P ,  where y is a con- 
stant for a given diffusing species, fixed 
tube diameter and length ( 5 ) .  Because 
a differential reaction is occurring, re- 
actant concentration C is essentially 
constant along the length of the reac- 
tor and may be closely approximated 
by Co, the inlet reactant concentration. 
Then 
reaction rate = 

kcon(" = ~ N ~ e l ' ~ c o  ( 1 - 5 )  (4)  
where 5 is given by 

( 5 )  
kCon-l 

hin= 1 - 5 ,  h=yNRel/3 

The usual differential reactor rate 
expression, Fx/SAL, where x is reac- 
tant conversion, may be cast into a 
more useful form for our purpose. Be- 
cause the feed rate is essentially con- 
stant everywhere along the tube for a 
differential reactor (even for the case 
where reaction stoichiometry indicates 
a change in total moles), the apparent 
contact time for fixed L is inversely 
proportional to N R ~  (that is, F/CoAL 

- -  - ' N R ~ )  . Furthermore, reactant 

conversion for a differential reactor is 
usually too small to measure experi- 
mentally and is best expressed as the 
measured product concentration at the 
reactor exit normalized on reactant 
concentration, Co (that is, x = 
Cprod/VCo for A -+ VB and product 
free feed). The net result is a rate of 
reaction for this differential system of 
the form d p r o d  N R ~  where a is a di- 
mensional constant ( a  = p / v S D L p )  in- 
corporating terms resulting from the 
transformation of the usual rate expres- 
sion. 

DLP 

Finally 
u C ~ ~ ~ ~ I N R ~  = kCqYLln = 

'yNRe"3Co (1  - 5 )  ( 6 )  
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The first edition of the Chemical 
Engineers' Handbook, edited by the 
late John H. Perry, was published in 
1934. It was intended to present, in 
convenient form, many of the equations 
and data that a practicing engineer 
needed for the design of chemical-plant 
equipment. Perry's Handbook, as it be- 
came known, was soon regarded as the 
chemical engineer's "bible." 

The rapid growth of chemical engi- 
neering literature and changes in de- 
sign techniques have been evidenced in 
the subsequent editions of 1941 and 
1950 and particularly in the present 
edition. Although the concept of unit 
operations is still used for defining the 
sections of the handbook, emphasis has 
been shifted toward the more funda- 
mental engineering sciences of thermo- 
dynamics, reaction kinetics, solid and 

fluid mechanics, and mass and energy 
transfer. There is considerably Iess in 
the way of empiricism and more in the 
use of statistical and mathematical 
analysis. 

Unfortunately, the expansion in the 
number of topics covered has neces- 
sitated an accompanying decrease in 
detail. In many areas the handbook 
serves only as a guide to the literature, 
with a profusion of bibliographical ref- 
erences. In view of the obvious diffi- 
culty, or impossibility, of giving ade- 
quate coverage to so many topics in 
one handbook, this reviewer wonders 
if some of the sections, such as the one 
011 physical and chemical data, should 
not be published as separate volumes. 

Among the new topics presented in 
the fourth edition are dynamics of fall- 
ing films and fluidized beds, electro- 
niagnetic pumps, jet pulverizers, the 
use of computers in designing multi- 
component distillation units, and un- 
steady state diffusion. 
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YALE UNIVERSITY 

or 

( 7 )  
and 5 is found from Equation (5) for 
particular values of h = kCon-l/ 
Y N R ~ " ~ .  Equation ( 7 )  has two limiting 
forms: 
Complete diffusion control 

Complete activation control 

Plots of log (Cprod/Co) vs log N R ~  will 
be straight lines of indicated slopes for 
these two extreme cases. For interme- 
diate control, Equation ( 7 )  applies, 
and a linear relationship between log 
(Cprod/Co) and log NRe would not 
be expected. Actually, essentially 
straight lines do result when Equation 
( 7 )  is solved for pairs of values of 
C p r o d / C o  and N R ~  at fixed values of 
kCOn-'/y. With a N K ~  range of 10 to 
1,000, deviation from linear behavior is 
less than 4% for n = 1/2, 1, 2, and is 
certainly within the usual experimental 
error. The result of measuring the 
slopes of plots of log (Cprod /Co)  vs log 
K R ~  for fixed kCon-l /y  is shown in 
Figure 1 for reaction orders, n = 1/2, 
1, 2. The asymptotic behavior of the 
slopes for the two limiting cases is evi- 
dent. 

With this method it is possible, for 
differential tube-wall reactions, to esti- 
mate wall reactant concentrations. One 
need only measure product concentra- 
tions at various flow rates for a tube of 
fixed length and inlet reactant concen- 
tration. The slope of a plot of log 
(Cprod/Co) vs log N R ~  fixes kCo*-l/y 
and then, provided n is known, 5 or 
C w / G  may be found using Equation 
(5). 

Of particular interest is the accuracy 
one might expect in estimating CdCO 
for systems operating under true diffu- 
sional control. Although the following 
analysis may be performed foi any 
reaction order it wilI be simpler to 
treat n = 1. In any case the conclu- 
sions to be drawn will be equally valid 
for any order reaction simply because 
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