
To the Editor: 
A revision of the Ackermann (1937) 

correction factor for heat transfer ac- 
companied by mass transfer was pro- 
posed recently by Brouwers (1995). This 
revision was proposed for situations in 
which the thermal film thickness ex- 
ceeds the diffusional film thickness, i.e., 
for 6, > S,,  in the notation of Bird et 
al. (1960). 

The development by Brouwers (1995) 
considers the solute molar flux NAY 
(relative to the interface) to be zero 
outside the diffusional film, i.e., for y > 
SAS, though nonzero inside the film. 
This assumption is incompatible with 
steady-state mass balances across the 
boundary y = S,, or any region con- 
taining that boundary, in the asserted 
presence of mass transfer to or from the 
main stream. 

This contradiction can be avoided by 
using mass balances to evaluate the 
species fluxes as functions of y ,  as was 
done in each of the previous works 
listed below. One finds the species 
fluxes N,, in a nonreacting fluid to be 
independent of y according to the 
one-dimensional film model, rather 
than stepping abruptly to zero at y = 
6,, for any transferred species. 

The resulting expressions for interfa- 
cial fluxes, corrected for mass transfer 
of any or all species, are given by Mick- 
ley et al. (1954) and by Bird et al. (1960). 
These results include those of Acker- 
mann (1937), and are preferable to the 
results of Brouwers (1995). 

Film models, with their drastic as- 
sumptions, are inappropriate for de- 
tailed calculations of transport near in- 
terfaces. Better predictions of inter- 
phase transfer and related phenomena 
are obtainable via boundary layer meth- 
ods, on which there is an extensive lit- 
erature. Boundary-layer solutions for 
the Ackermann problem and its diffu- 
sional analog are included in Mickley et 
al. (1954) and in Bird et al. (1960), for 
example. 
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Reply: 
For lateral transport in the main 

stream (bulk), i.e., perpendicular to the 
wall, a lateral gradient is required. In 
the bulk, however, velocity, tempera- 
ture, and composition are constant so 
that no lateral transport takes place. 
This feature was used by Brouwers 
(1995) in deriving the improved film 
model: beyond the diffusional film there 
is no mass transfer, and the effect of this 
reduced film thickness on both heat and 
momentum transfer has been ac- 
counted for. This approach results in 
correction factors for heat transfer and 
exerted friction that tend to be unity if 
the mass-transfer layer reduces to zero, 
which would be expected physically. 
According to the reasoning of Prof. 
Stewart, the correction factors would 
not depend at all on the magnitude of 
the diffusional layer thickness, which is 
not the case. 

Furthermore, there is another imped- 
iment for the fluxes to be present in the 
bulk, i.e., beyond their respective films. 
Though the film model is based on a 
stagnant film, its results are also used 
for flow in closed channels. For symme- 
try, at the center of a channel the fluxes 
obviously have to equal zero. This con- 
tention also makes the continuation of 
the fluxes in the bulk not arguable. 

It is interesting to realize that the film 
model represents a simplification of the 
boundary layer theory, whereby the film 
model thickness of mass, heat and mo- 
mentum transfer are directly related to 

their respective boundary layer thick- 
nesses. In the boundary layer theory, 
velocity, composition and temperature 
are also constant beyond their bound- 
ary layers, and no momentum, mass and 
heat are transferred in the bulk. In fact, 
in the film model by Brouwers (1995), 
various film thicknesses are accounted 
for in similar way as in the boundary 
layer theory. For instance, see the prob- 
lem treated by Schlichting (1987) where 
the thermal and momentum boundary 
layers are of different magnitude de- 
pending on the Prandtl number. 

Summarizing, the proposed revision 
of the film model by Brouwers (1995) is 
allowed and its results recommended 
for future computations. 
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Rejoinder: 
This rejoinder is prompted by Dr. 

Brouwers’ reply. The references cited 
are given in the above letter. 

In film models of nonreactive sys- 
tems, lateral transport beyond the film 
is demanded by the conservation of en- 
ergy and of each chemical species. Lat- 
eral transport does indeed require lat- 
eral gradients, but these are tradition- 
ally suppressed by assuming large eddy 
diffusivities, aeff and %Ieff, in the outer 
stream. The predicted lateral gradients 
of temperature and composition are of 
order l/aeff and l/a>,,, respectively, 
and thus can be rendered very small 
though never identically zero. The con- 
duction and diffusion fluxes remain of 
order and asf, so they cannot be 
neglected outside the film, nor can the 
corresponding convective fluxes. 
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Forbidding heat and mass transport 
beyond the film, as Brouwers (1995) did, 
gives a useless model which forbids heat 
and mass exchange altogether! This as- 
sertion is readily verified by macro- 
scopic balances across the film or by us- 
ing Brouwers’ zero-flux conditions at the 
outer boundary (as he forgot to do) 
when integrating his one-dimensional 
conservation equations across the films. 
This fatal flaw negates the arguments in 
Brouwers’ first paragraph, all of which 
presume the validity of his model. 

For axisymmetric flows in tubes, the 
radial fluxes vary strongly with r and 
vanish on the axis regardless of their 
values elsewhere. A similar remark ap- 
plies to flows with a symmetry plane. 
Thus, Brouwers’ symmetry argument for 
closed-channel flows applies only lo- 
cally and does not imply that the lateral 

fluxes vanish at other mam-stream loca- 
tions. 

Brouwers’ attempt to justify his film 
model via boundary layer theory is un- 
founded. Film models, being one-di- 
mensional, demand different boundary 
conditions. Regions of negligible diffu- 
sion appear in boundary layer theory 
because of phenomena neglected in film 
models, such as two-dimensional con- 
vection with inflow of fresh main-stream 
fluid. Flux-free regions cannot occur in 
one-dimensional, steady-state, nonre- 
acting systems, because material or en- 
ergy which enters such a system has no 
escape except through the opposite 
boundary. 

Brouwers finds these features of 
standard film models dissatisfying. The 
writer shares this view. But the remedy 
is not to be found in any modified one- 

dimensional model. Rather, one should 
use a model with at least two space di- 
mensions, so that convection can be 
properly described and the distributions 
of state variables can be reliably pre- 
dicted. Boundary layer provides such a 
model. 

The film analysis proposed by Brouw- 
ers (1995) should not be used. The 
treatment by Ackermann (1937). ex- 
tended in Bird et al. (1960), is better. 
Boundary-layer theory is preferable to 
either of these approaches; some early 
results at large net mass fluxes are given 
in Bird et al. (1960). 
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