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On the Drag Divergence of Two-Dimensional
Airfoils at Transonic Speeds

Nobuhiko KAMIYA

The subject of this paper is an experimental and theoretical investigation of the drag-
divergence on two-dimensional airfoils, as one of the fundamental studies of a wing which
allows economical cruise at high subsonic speeds.

First the historical background of this subject is reviewed, and several problems to
be solved in this paper are pointed out. Secondly, the pressure distributions which airfoils
of good drag-divergence characterictics should necessarily have are disccussed. A pre-
dominant parameter, F, which determines the drag-divergence characteristics of airfoils is
found. The introduction of F' is the main point of this paper.

F is defined as the ratio of the mean pressure on the upper surface of an airfoil at
the drag-divergence Mach number to the stagnation pressure of the free stream. In con-
trast with the work of the investigators at NPL of the United Kingdom, in which the
importance of local properties such as the curvature distributions near the leading edge
is emphasized, in this paper the importance of the quantity representing the overall
characteristics of airfoils, such as F, is emphasized. The pressure distributions, which
the airfoils of good drag-divergence characteristics should necessarily have, are deduced by
use of the parameter F. In order for an airfoil to have good drag-divergence character-
istics, the following conditions should be satisfied at the drag-divergence Mach number:

1. The shock wave on the upper surface should be located as far downstream as

possible,

2. The pressure distribution upstream of the shock wave on the upper surface should

be peaky, and

3. A rear loading pattern should exist downstream of the shock wave on the upper

surface
These conclusions have been confirmed by the present experiments.

It is shown that the drag-divergence characteristics improve as the thickness near the
leading edge decreases. This conclusion is in some sence different from the common one
that a large leading edge radius is one of the main features of the peaky sections.

A method is proposed for the development of airfoils of good drag-divergence char-
acteristics based on the results of the investigations mentioned above. Using this method,
airfoils are obtained which have drag-divergence Mach number between 0.05 and 0.07
higher than that of NACA 64,212, a typical roof-top type airfoil, at the same values of
the lift coefficient and the thickness ratio.
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