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THE use of the skin-friction law

Cy; =0.455/(log;oR)?58 ¢

by Ross' and Barkhem? makes the evaluation of the integral
defining the average skin friction coefficient difficult. The
difficulty can be avoided by using any expression for the skin
friction at the chord Reynolds number, R,, but approximating
the variation in the range of integration by a power law.

The integral (using Ross’ notation) can be written as

Cs(&)
Cs(1)

The distinction between Cx(R,) outside the integral and C,(1)
inside is crucial. Outside the integral an accurate ‘‘absolute”
value of C, évaluated at R, is needed, but inside only an
expression for the ratio of C(£)/C,(1) over a limited range of
Reynolds number is required.

- If C4(R) is given by a power law

Cr=k/R" 3

¢GRS [ +a-va e @

then it is easily seen that
CAOICAD =1 — (1 — 1§ @
and the integral can be evaluated analytically to give
CslCs(R) =2/ — m][(1 — 22~7)/(1 — AD)] &)
Hopkins® shows by PHospital’s rule that
lmin: A — 22791 —A) =2 —n)/2 6)

so that Eq. (5) reduces to the correct result C, = C4(R,) for a
straight wing.

The point of this comment is that Eq. (4) is a legitimate
approximation for any friction coefficient-Reynolds number
relation. Tt can be shown* that a function f(x) can be approx-
imated in the neighborhood of x, by

f(x) =ax* )
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Table1l Comparison of C;/C#(R,)

R, =107 R,=10°
Simpson’s Simpson’s n=1/7
A Rule Analytic Rule Analytic  Analytic

0.1 1.085 1.082 1.064 1.063 1.073
03 1.066 1.064 1.050 1.049 1.060
0.5 1.045 1.044 1.035 1.034 1.040
0.7 1.026 1.026 1.020 1.020 1.023
09 1.008 1.008 1.006 1.006 1.007

where
e = (x[)Affdx) | 5 ==, (8a)
and
a = f(xo)/xo" (8b)
Applying this to Eq. (1) gives
n =2.58/In R, = 1.205/log;0 R, )]

Table 1 compares the ratio of C,/C/(R,) obtained for Rey-
nolds numbers of 107 and 10° by using Simipson’s rule to
evaluate the integral with C.({) given by Eq. (1) with the
values obtained by using Eqgs. (5) and (9). The small differ-
ences have no practical significance. The last column using
Eq. (5) with n=1/7 shows that this is quite adequate for
this Reynolds number range.

The use of Eq. (5) allows more accurate evaluations of
C#(R,) than simple skin friction laws such as Eq. (1) or Eq. (3)
to beemployed. Collar’s expression® which takes the laminar
contribution into account or simple airfoil methods such
as the one given by Thwaites® can be applied. Also, it is
possible to obtain analytic results for other planforms.
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