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as the increase in efficiency over that 
in the smooth tube is never less than 
200% in the region studied. 

It can be shown from boundary- 
layer theory that a smooth tube will 
eventually become more efficient than 
a rough one as the Reynolds number is 
increased, regardless of the Prandtl 
number of the fluid. However, the 
larger the Prandtl number the higher 
the Reynolds number must be in order 
for this to happen. Therefore in prac- 
tice this fact is not important because 
very high Reynolds numbers are ex- 
ceedingly difficult to obtain with vis- 
cous and consequently high-Prandtl- 
fiumber fluids. 

The work is now being extended to 
cover a wider range of Reynolds and 
Prandtl numbers in tubes with differ- 
ent roughness patterns. 

NOTATION 

f = friction factor 
e , /D  = equivalent sand roughness 
e / D  = measured roughness 
A”, = Nusselt number 
N,, = Prandtlnumber 
ArR, = Reynolds number 

Loo0 Ns ,  = h/puc, = Stanton number 

Fig. 3. Heat transfer efficiency for smooth and rough pipes. 

His equation does not provide the 
Stanton number with a Prandtl number 
dependence. Consequently, the present 
experimental results for Ucon are an 
order of magnitude smaller than the 
predicted results of Sams’ equation. 

Heat transfer efficiency can be repre- 
sented by the dimensionless group 
N,,/f N R e ,  which is equivalent to the 
heat transmission per unit pressure 
drop. Figure 3 shows the variation of 
this group with the Reynolds number 
for all the tubes and fluids used in the 

investigation. As reported previously 
(1 to 3) ,  the smooth tube was more 
efficient than either of the rough tubes 
when water was used as the test fluid. 
However, in the case of Ucon, the 
rough tubes are significantly more effi- 
cient in the transition-turbulent region. 
This difference in behavior holds 
whether the true surface area or the 
effective smooth surface is used to cal- 
culate the heat transfer coefficient. The 
increase in surface area for the rough- 
est tube does not exceed 2S%, where- 
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Diffusion with Consecutive Heterogeneous Reactions 
J. L. HUDSON 

University of Illinois, Urbono, Illinois 

Irreversible first-order heterogeneous A, + && 3 products ( 1) with boundary conditions 
chemical reaction on the wall of a tube 
in which a fluid is flowing in fully de- The concentrations are taken to be di- 

lute and fluid properties are assumed 
x = o  
y = o  C, = finite 

c, = 1 

ac, 
dY 

velo~ed laminar flow has been studied 
by several investigators ( l ,  2)* In this 
note the problem be extended to 

parallels that Of Wissler and 

constant. A plug flow velocity profile 
will be used, although a beat- 
merit could be used for the Poiseuille 

the dimensionless material balance on 

- - K,C, -_  y = l  
the case of consecutive reactions. The 

Schechter (3), who treated consecutive component is 

actions. -- 

distribution. Under these restrictions The solution to this system is 

C, = 2 a&-xcz2Jo(Ary) (3) 
< 

( 2 )  where ‘ 2  

irreversible Erst-order homogeneous re- 1 d ac, ac, 
Consider the heterogeneous reactions 9 dY dY ax 

y-=- 
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2 I x ( L )  
X + [ J t ( X i )  + Jla(X1)I 

a, = 

and A, are the roots of 

J i ( X )  - KiJo(X)  = 0 

The dimensionless material balance 
on component 2 is 

(4) 
I a ac, ac, 
Y +I aY a9 

y-='Y-- -- 

with boundary conditions 

x = o  c, = y 

y = o  C, = finite 

1 
Peak nucleate boiling fluxes for liquid oxygen on (I flat horizontal platinum 
surface at buoyancies corresponding to occelerotions between -0.03 and 1 gE, 
Lyon, D. N., M. C. Jones, G. L. Ritter, C. A. Chiladakis, and P. G. Kosky, A.1.Ch.E. 
Jaurnol, 11, No. 5, p. 773 (September 1965). 

Key Words: A. Nucleate Boiling Fluxes-8, 7, Oxygen-9, Heat Transfer-8, 7, 
Nucleate Boiling-9, 8, Gravity-6, Boiling-9, 8, 

Abstract: Peak nucleate boiling fluxes for liquid oxygen ,near one atmosphere 
have been measured on a flat polished horizontal platinum surface located in 
a known variable magnetic-field gradient that produced steady accelerations 
(which could be maintained indefinitely) on the oxygen acting in opposition to 
the earth's gravitation, 9 ~ .  Measurements were made under conditions ranging 
from net negative (directed away from the heated surface) accelerotions to the 
normal acceleration, 1 .O g E .  
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Thermodynamic consistency tests for solid-liquid equilibria, Null, Harold R., 
A.1.Ch.E. Journal, 11, No. 5, p. 780 (September, 1965) 

Key Words: A. Testing-8, Solid-Liquid Equilibria-8, 9, Phase Equilibria-8, 9, 
Thermodynamic Consistency Tests- 10, Indium Antimonide-9, Gallium Anti- 
monide-9, Sodium Carbonate-9, Sodium Sulfate-9, 

Abstract: The problems associated with thermodynamic consistency tests are 
discussed, and a new technique for evaluating the validity of solid-liquid equilibria 
has been developed. Several possible test equations are presented and applied 
to test the consistency of three sets of solid-liquid equilibrium data. 

GOS absorption in a fin-wall conduit, Sweeney, Thomas L., and Seymour Calvert, 
A.1.Ch.E. Journal, 11, No. 5, p. 785 (September, 1965). 

Key Words: A. Air-5, Ammonia-5, Oxygen-5, Water-5, G a s  Rate-6, Liquid Rote-6, 
Pressure Drop-7, 8, Flooding-7, Friction Factor-7, End Effects-7, Loading-7, 
Height of a Transfer Unit-7, Absorption-8, Desorption-8, Mass Transfer-8, 
Baffles-1 0, Fins-1 0, Fin-Wall Conduit-1 0, Scrubber-1 0. B. Flow Patterns-9, 
Water-5, Fin-Wall Conduit-1 0. 

Abstract: The purpose of this paper is to present mass transfer and pressure drop 
characteristics of the fin-wall conduit. The fin-wall conduit is a rectangular duct 
with transverse fins attached to one or more internal walls. Desorption of oxygen 
from water and absorption of ammonia into water were studied. The equipment 
utilized in this study consisted of four experimental conduits. The columns were 
rectangular conduits formed by two fin-walls (aluminum) and two smooth walls 
(transparent plastic). 

(Continued on page 946) 

y = l  

Equation (4)  is homogeneous but 
has a nonhomogeneous boundary con- 
dition at y = 1. I t  is, therefore, con- 
venient to introduce 

The equation now becomes 

1 a aq a? K~ Y-="--- f f B  -- 
Y aY aY ax K, 

2 a,x: e-+ I e ( X , )  (6) 
4 

with boundary conditions 

Ki 
K ,  

= y - - p  

y = 0 7 = finite 

A solution to Equation (6) is 

f 
where the b, (x)  are as of yet undeter- 
mined functions of x .  The Y,(p,y) SO- 
lution is discarded since it is infinite at 
y = 0. From the boundary condition 
at y = 1, the eigenvalues pj are found 
to be the roots of 

pJl(p)  - ~ K Z I . ( p )  = 0 (8) 

Equation (7) is substituted into Equa- 
tion (6) ,  and because of the orthog- 
onality properties of the Bessel func- 
tions, the result is multiplied by 
yJ. _ _  (p,y) dy and integrated from 0 to 1, . -  

* For details on the use of these Key Words and the A.1.Ch.E. Information Retrieval 
Program, see Chem. Eng. Progr., Vol. 60, NO. 8, p. 88 (August, 1964). A free copy of 
this article may be obtained by sending a post card, with the words "Key Word Article" 

East 47 St., N. Y. N. Y., 10017. Price quotations for volume quantities on request. Free 
tear sheets of the information retrieval entries in this issue may be obtained by writing 
to the New Yark office. 
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yielding 

b,'(x) 4- -b , (x)  = 
Pja 

and your name and address (please print) to Publications Department, A.I.Ch.E., 345 a! 

K ,  2 J l ( P , )  
P,Cloa(P,) 3- Jl%r)l 



~,,(x) = 2 1  yC(y ,x )dy  n =  1,2  

These averages are shown in Figure 1 
for Kl = 0.1, K ,  = 0.2, y = 0, /3 = 1, 
and a diffusivity ratio (Y = 0.5. As is 
expected, the concentration of com- 
ponent 2 reaches a maximum before 
falling to zero. 

NOTATION 

c,, 

I -  - 8  - 1.- --- 1-7-- 

= concentration, n = 1, 2 
I I I 

6 8 10 12 14 16 
X 

Fig. 1 .  Average concentration as a function of axial position. 

where the prime indicates differentia- 
tion. The solution to (9) is the sum of 
the solution to the homogeneous equa- 
tion and the particular solution, or 

b,(x) = d,e ' + 
+,as ___ 

(10) 
where d, are constants to be deter- 
mined. The boundary condition at x = 
0 is 

Ki 
K ,  Y = --P + 2 b,(O) J 0 ( p , y )  

The constants d, are found by multi- 

integrating from 0 to 1. With the d j  
determined, the b, (x) are known from 
(10) and the solution is seen to be 

plying (11) by YJo(PFLly)dy and by 

LZrX1z 1. ( A , )  

-- - 

( e  - - e  (12) 

The average concentration in the tube 
as a function of axial position is 

cnn = inlet concentration 

Dn = diffusivity 
k, = reaction rate constant 
K,, = k,R/Dl 
T = radial position 
R = tube radius 
V = fluid velocity 
x = Diz/R"V 
y = r / R  
z = axial position 

Greek Letters 

(\I = D,/D, 
/3 = stoichiometric coefficient 
y = CaO/ClO 

L, pJ = eigenvalues 
7) defined by Equation ( 5 )  
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C n  = cn/cio 

Predicting Vertical Film Flow Characteristics in the Entrance Region 
DUANE F. BRULEY 

Clemson University, Clemson, South Carolina 

Liquid films flowing over vertical 
surfaces under the influence of gravity 
are encountered in many types of heat 
and mass transfer equipment: distilla- 
tion columns, evaporators, wetted wall 
columns. Therefore, a complete under- 
standing of film flow, from the en- 
trance to the exit, should be of interest 
industrially, experimentally, and aca- 
demically. 

Many papers concerning film flow 

have been published since the early 
1900's. However, there is still much 
to be learned before precise design 
calculations can be carried out for 
operations involving this flow phenom- 
enon. Dunkler and Bergelin ( 2 )  dis- 
cussed the importance of understand- 
ing the mechanics of film flow to the 
analysis of performance of industrial 
equipment. The authors pointed out 
that it is necessary to know the exact 

area for mass or heat transfer so that 
a combined coefficient ka is not re- 
quired for design purposes. The mass 
transfer coefficient k and the area for 
transfer a are independent functions 
and should be treated as such if a ra- 
tional analysis is to be made. 

Although many experimental meth- 
ods (1, 3, 4, 6) have been used to de- 
termine film thicknesses, most of the 
investigations have been done in the 
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