COMMUNICATIONS TO THE EDITOR

The Effect of Surfactants on the Flow

Characteristics of Falling Liquid Films

In a recent publication (1) some conclusions were
drawn regarding the effect of surfactants on the entrance
region flow of falling liquid films. There were two errors
made in that publication which need to be corrected. The
first error concerns the comparison of the experimental data
of Lynn (2) with the approximate solution presented by
Strobel and Whitaker. In using Lynn’s data it was not
realized that the Reynolds number was defined as

4<u>h,
Npo = a2 (1)
v

where h,, is the uniform film thickness, <u>> is the average
velocity, and » is the kinematic viscosity. This Reynolds
number is a factor of 4 larger than the traditional Reynolds
number used to characterize this type of flow. When this
is taken into account the agreement between Lynn’s data
and our theory is shown in Figure 1. In that figure U,,
Nge, and X are defined by

Us = Usurrace/ U (2)
NRe:u,,h,,/V (3)
X = x/h, Ng, (4)

Here u, is the surface velocity for the uniform flow and
is given by u. = 3<u>/2; thus the Reynolds number is
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Fig. 1. Comparison between the experimental data of Lyan and the
one-dimensional theory of Strobel and Whitaker.
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based on the surface velocity and is therefore one and a
half times larger than the traditional Reynolds number.
Correction of our erroneous interpretation of Lynn’s data
has led to rather nice agreement between theory and ex-
periment; however, our joy is rather short-lived.

In the analysis of the tangential surface stress the bound-
ary condition in reference 1 was given as

au ) ( or )
~— ) =NgNge#3\—}), Y=0 5
( Y El {VRe 8X (5)

when in fact the correct version is

au ) ( ar )
~——~ ) =NgNre~33 {—}, Y=0 6
( 5 £t Nre X (6)

This means that the surface elasticities used in our calcula-
tions were too large by a factor of Nge, or by a factor of
100 for the calculations shown in Figure 10 of reference 1.
Our original conclusion was that the entrance length for a
3 x 1073 molar hexanoic acid solution might be on the
order of 50 cm. for Ng, = 100; however, the conclusion
based on the correct boundary condition given by Equation
(8) is that the entrance length for these same conditions
is approximately 1 cm. This has been confirmed by recent
experiments (3).

NOTATION

g = gravitational constant, cm./sec.2

h. = film depth for uniform flow, cm.

Npi = (— 80/9T) (2/g v}p®)V/3, dimensionless elasticity
number

U = v./u,, dimensionless x component of the velocity
vector

Y = y/h,, dimensionless distance orthogonal to the
main flow

P = fluid density, g./cu.cm.

T = vy/vo, dimensionless surface mass density

o = surface tension, dyne/cm.
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