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Introduction

A S proposed by Krogstad,1 the modification of the van
Driest damping function only applies accurately to the

fully rough regime and very poorly to the intermediate rough-
ness regime. This is evident in the author's Fig. 1 for the
correlation of AU+ with k + in the intermediate roughness
regime, k + < 70. Yet the intermediate roughness regime con-
cerns, to a large part, most of the irregular roughness prob-
lems encountered for aircraft surfaces, ship hulls, ship pro-
pellers, underwater body surfaces, etc.

There is an underlying reason for the poor showing of the
proposed modification in the intermediate roughness regime.
First, even though not mentioned by the author, k + refers to
the equivalent sand grain roughness that enabled Schlichting
to reduce a single relationship the variation of At/+ with k +

for the fully rough regime. However, there remains in the
intermediate roughness regime a large variation in AU + with
k + from Nikuradse's sand grain roughness to the correlation
of Colebrook and White. This is due to the large variation
in the geometry of irregular rough surfaces encountered in
practice.

To accommodate the variation of roughness in the interme-
diate roughness regime, Granville2 relates the van Driest factor
A + in effect to AC/ + instead of k + in the smooth van Driest
formula:

F= 1 -exp[-y+/A + ]

This variation of A + to AU+ is presented by Granville
graphically, which may be now numerically fitted by the fol-
lowing:

A + =26-5.05 A£/ + 0.19(A£/ + )2, 0<A£ / + < 5.2

A + = 20.86 - 3.07 AU + , 5.2 < A(7 + < 6.2

A + = 280.89 + 94.27 AU+ - 7.85 (AU + )2

6.2<A£/ + < 6.525

Received Oct. 18, 1991; revision received Dec. 6, 1991; accepted for
publication Jan. 14, 1992. This paper is declared a work of the U.S.
Government and is not subject to copyright protection in the United
States.

* Research Physicist, Ship Hydromechanics Department.

The variation of A(/+ with k + for a particular roughness
configuration3'4 may be obtained empirically, or given analyt-
ically such as that for the Colebrook- White relation.5

For the fully rough regime, Granville2 recommended an
earlier formula by Rotta,6 which in effect related an initial
value of mixing length at y + = 0 to a AC/ + variation.

Krogstad1 uses a mixing length formula of Michel et al.7
[Eq. (5) in Ref. 1], which has a hyperbolic tangent. As shown
by Granville,8 such hyperbolic tangent functions blend the
near wall and the far-field relationships. A more complex
formula should include the damping function such that

=0.085 <5+ tanh +F/0.0856+

where d+=dUT/v.
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Reply by the Author to P. S. Granville

Per-Age Krogstad*
University of Trondheim, N 7034 Trondheim, Norway

T HE criticism by Granville1 is based on what he considers
to be a bad agreement in the intermediate roughness

range between the computed shift in the law of the wall AU+

and the experimental data presented in Fig. 1 in Krogstad.2
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(Regrettably the abscissa label k+ has disappeared in the
figure.) It was, however, stated in the section "Turbulence
Model" of Krogstad2 that the major problem considered in
the paper was the asymptotic behavior of the damping func-
tion proposed by van Driest3 at large roughness numbers k + .
It was shown that for k+ > 100 the original formulation fails
completely and the error increases dramatically as k+ in-
creases. The correction proposed brings the calculations in
agreement with the data in this region. Contrary to what
Granville writes,1 it is specifically stated (see, e.g., the ab-
stract) that the shift in the law of the wall produced by the
model refers to sand roughness.

It was also stated by Krogstad2 that "For A:+<100, the
experimental results are no longer unique since they will de-
pend on the fraction of elements that are sufficiently small to
be considered aerodynamically smooth." This statement was
also supported by Fig. 1 where it is shown that even for sand
grain roughness the results depend on the distribution of parti-

cles. It therefore seems unreasonable to try to match the
results of a prediction method to any of the experimental
distributions, and this was stated in the paper. It could, how-
ever, be mentioned that, if a particular distribution is to be
matched, this may be obtained by changing the exponent in
the exponential term of Eq. (7) of Krogstad.2 The exponent
determines the shape of the AC/+ curve for k+ <R + and R +

determines where the intermediate roughness range ends.
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