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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
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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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