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Unsteady Two-Dimensional Flow Using DowelFs Method
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Nomenclature
= pressure coefficient due to airfoil

motion
= total pressure difference coefficient

for a symmetric airfoil
= coefficient of lift due to airfoil

motion
= coefficient of moment due to airfoil

motion

',h/c — coefficients/mode amplitudes;
aerodynamic derivatives
airfoil chord
rigid body vertical translation am-
plitude of airfoil
imaginary part

freestream Mach number
perturbation pressure
real part
time
freestream velocity
downwash
spatial coordinates
rigid body pitch amplitude (angle of
attack)
velocity potential
phase angle of subscripted quantity
with respect to airfoil-motion =
tan- 1 [Im( )/Re( )]
airfoil (maximum) thickness to
chord ratio
freestream density
frequency of airfoil oscillation

= d/dx

= magnitude of complex quantity

Theme

A method recently developed by Dowell for lifting tran-
sonic flows is applied to the two-dimensional flow over

an oscillating airfoil. The method has the advantages that
1) its application is only moderately more complicated than
the classical theories for subsonic and supersonic flow and
2) its accuracy can be assessed systematically by computing a
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correction term. No empiricism beyond that inherent in an in-
viscid, potential flow model is involved. Comparisons with
experimental and other theoretical data are encouraging and
show that the method is reasonably accurate for shock-free
flows.

Content
In recent years, substantial research has been done toward

obtaining more accurate solutions of the small perturbations
velocity potential equation for isentropic flow around airfoils
at transonic speeds. At Mach numbers close to one the usual
order of magnitude assumptions used to linearize the poten-
tial equation are no longer valid, and different solution
methods are needed. Landahl,1 among others, has derived a
simplication of the full nonlinear equation that is valid for
isentropic transonic flows but still retains one nonlinear term.
Several methods have been devised for the solution of the
equation. Reference 2 gives a concise summary of several. A
new method has been developed by Dowell3 which is similar
in outlook to the local linearization method developed by
Stahara and Spreiter.4 However, the former method is more
straightforward and has the capability to be made in-
creasingly accurate.

Dowell has outlined his method for two- and three-
dimensional, unsteady flow.3 Actual calculations of pressure
derivatives for steady, two-dimensional sonic flow were done
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Fig. 1 Pressure derivative magnitude and phase angle versus chord
position for parabolic arc airfoils oscillating in pitch about the mid-
chord.
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Fig. 2 Lift derivative magnitude and phase for circular-arc airfoils
oscillating in pitch about the leading edge at M = 1.0 (Ref. 7).

for Guderley and parabolic arc airfoils and they compare
favorably with experiment. The method allowed a completely
analytical solution, and numerical calculations were made by
slide rule.

In Ref. 3, Dowell outlined the solution procedure for
calculating pressure derivatives in unsteady two-dimensional
sonic flow. The actual calculation of these derivatives along
with lift and moment derivatives for a parabolic arc airfoil in
heave and pitch is the subject of this paper. Solutions are
presented for various reduced frequencies, k = uc/U<x, and,
where possible, are compared with other theories and ex-
perimental data. The derivation of the Dowell method is
carried out in detail in Ref s. 3 and 5.

Airfoil motion parameters. The two airfoil motions of
most interest in two dimensions are rigid body translation
(heave) and pitch. The mathematical expressions for these two
modes are as follows

Heave w(x, 0 =w(x) e'^

Pitch w(x) = [iux-U<x]a
Calculation of pressure derivatives. Figure 1 compares the

theory to experimental values by Leadbetter for a 5% thick
symmetric airfoil oscillating in pitch about its midchord.6

Good agreement is seen for the magnitudes, especially near
the trailing edge. The phase angles agreed in trend, but dif-
fered significantly in quantitative terms/Given the somewhat

different airfoil shape, the agreement is satisfactory. Com-
parisons with other experimental and theoretical data are
given in Ref. 5

Calculation of lift and moment derivatives. \CL>a I,
\CL.HIC '» \CM,<X '> '^M,/?/C \> and their phase angles vs k are

given in Ref. 5. The lift derivatives for pitch are compared
with three other theories in Fig. 2. The theory of Nelson and
Berman is the classical "sonic theory"; Hosokawa and
Miyoski's method is similar to DowelPs except that the <l>xx
term in the small perturbation transonic equation is ne-
glected,! and Isogai's method is a "corrected" local
linearization procedure. All curves plotted from Dowell's
method are in the range of the other theories, and the general
trends are the same. For fc<0.5 Dowell's results correspond
closely with Hosokawa's except for ICM)al. This is not sur-
prising due to the similarity of the methods for M«, = 1.
Tiepel8 has developed independently a method of analysis
similar to that of Hosokawa.

Dowell, in Ref. 3, has done preliminary work on applying
the method to three-dimensional flow regimes. Further
analytic development and actual calculations for these
regimes are needed, and this is the logical next step in the
development of the method. Also, following the ideas of
Eckhaus,9 one can in principle incorporate the effect of shock
waves in the method.

The encouraging results obtained to date for two-
dimensional, unsteady flow neglecting shock waves strongly
suggest these extensions are worthwhile. The present method
provides a very substantial improvement over classical
linearized aerodynamic theory with only a modest increase in
complexity of the analysis.
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tHence, it cannot smoothly merge into subsonic or supersonic flow
as MO, moves away from 1.


