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Comment on "Navier-Stokes
Similarity Solution for the
Planar Liquid Wall Jet"

H. Chuang*
University of Louisville, Louisville, Kentucky

THE author of Ref. 1 has tried but failed to solve the
classical problem that was presented by Batchelor.2 First,

Eq. (7) in Ref. 1 is the same equation (5.6.2) given in Ref. 2
where F=vRf. The boundary conditions for Eq. (7) are
/(O) = 1, /' (0) = 0, and/( ± a) = 0, where a is the angle between
the channel wall and the plane of symmetry of the channel.
This problem can be solved numerically by means of the
Runge-Kutta methods and by transforming the boundary-
value problem to the initial-value problem where some values
of /"(O) are shown in Fig. 1. It is apparent from this figure
that the value of/"(0) is a function of both parameters, R and
a. When R^IO and oi= 1, no solution for purely divergent
flow is obtainable. Likewise, no purely divergent flow exists
when R>25 and a = 0.6. Typical velocity profiles for various
aR where a = 0.785 are shown in Fig. 2. A pending compound
flow can be observed for aR = 11.775 in the figure. Therefore,
there will be no purely divergent flow for R > 15 and a. = 0.785.
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Fig. 1 Initial values /" (0) for purely convergent or purely divergent
flows at various channel half-angles and Reynolds numbers.
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Fig. 2 Radial velocity distributions in a convergent or divergent
channel for a = 0.785.
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Fig. 3 The maximum Reynolds number for purely divergent flows
at various channel half-angle a.

It was presented in Ref. 1 that f" (0) = - (4 + R). When
these values of /"(O) along with the other initial values are
used to integrate Eq. (7) numerically, it will result in a viola-
tion of the boundary condition that f(±a) = Q. In other
words, the value of/( ±ct) is not negligible, i.e., it is equal to
-0.0444 and 1.0 for # = 30 and -4, respectively. The latter
case yields an impossible uniform flow throughout the chan-
nel. All these facts imply the invalidity of Eqs. (9), (10), and
(11). Therefore, Figs. 2-4 in Ref. 1 do not represent solutions
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for Eq. (7) and minimum value of R is not limited to -4, as
evidenced in Figs. 1 and 2 of this Comment. Furthermore, for
a. — 1 and R = — 200, a purely convergent flow exists with
/"(0) = -2.193xlO-6.

Figure 3 shows the relation between a and the maximum
value of R, namely Rm, for which a purely divergent flow is
possible. For a>l , the value of Rm in Ref. 2 is a bit too
large so that the value o f / ' ( ± a ) is positive, implying the
commencement of a compound flow. For a< 1, the value of
Rm in Ref. 2 is not really the maximum value because the
value of f'(±a) is still much less than zero. For example,
the value o f / ' (±a) is equal to -0.3886 for a-0.785 and
R = 10 which is the Rm in Ref. 2. The Rm for this angle
should be 12.6 which yields/' ( ±a) = -0.00414. When R is
increased to 12.7 it yields +0.01157, indicating a compound
flow. Although it is correct that the value of Rm approaches
zero as a is increased to ir/2, the value of aRm is not nearly
constant.
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Reply by Author to H. Chuang
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P ROFESSOR Chuang seems to have little idea of the con-
tent of Ref. 1. In that work, a subset of the classical chan-

nel flow problem (e.g., Batchelor2) was shown to have par-
ticular significance to the planar liquid wall jet problem. In
fact, the two problems satisfy the same third-order differential
equation and share three common boundary conditions. This
seems to have bewildered Chuang to the point that he has
recomputed the channel flows of Ref. 2 and offers them as
commentary. The contribution of Ref. 1 is the discovery that
the normal stress balance at the liquid wall jet interface in-
troduces a new constraint reducing the two parameter (a,R)
family of classical solutions to a one parameter family of wall
jet solutions. That is, for each wall angle a, there is a single
Reynolds number R for which the interface condition is
satisfied. All other solutions that Chuang's computer code
spews are of absolutely no significance to the wall jet problem.
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R EFERENCE 1 presents no new information. In fact, a
Note by the present author,2 covering the same subject,

was published over 20 years ago. Furthermore, no reference
was given to this Note.

The author of the above article1 in his Conclusions states,
" adapting existing kernel function codes using collocation
(for applying the method proposed) is straightforward. The
integrations reduce to special weighted sums of the downwash
at the control stations, which adds little computational load to
these with substantial improvements in convergence" (note:
the parenthetical statement is mine). The present author agrees
that the accuracy may be improved in that way, but cannot see
that the additional computational load would be small in prac-
tical flutter cases where a square aerodynamic matrix is
needed. The calculation for any control station would be the
same as for any ordinary collocation point. It was stated in my
Note2 that most collocation methods employed optimal col-
location points, which implies that they already were second-
order accurate for regular modes.

Because of advantages gained for control-surfaces
oscillating in rotation about their leading edges and for wings
with unswept trailing edges, the reverse-flow theorem was
used earlier on by this author for planar wings3'4 as well as for
a T-tail.5 The numerical method employed in these cases could
have been made more efficient and competitive by using the
advanced velocity potential6 instead of the integrated accel-
eration potential7. The property of the kernel, being depen-
dent only on the difference between control point and integra-
tion point coordinates is preserved so that corresponding in-
fluence coefficients become general and applicable for dif-
ferent planforms.
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