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For several years now the Langley Resesarch Center

number effects.

These tests and analyses of the data have progressed to a point

wnere the results may be of some interest to the subcommittee. e

vurpese- of thls presentatlon then is to review some of the more signifi-

ant findings and to discuss the ramlifications thereof.
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Pigure 1 gives an ocutline of the presentation which includes first
of all a review of two-dimensional and three~dimensicnal Reynolds numbe
effects, the applicability and status of calculative Technigues, and
finally, some of the measured sideslip charagteristics will be discussad.

FPigure 2 ghows a photo of the PA-30 in the full-scale tunnel. This
2d in the stabilidy and contrel program at
noted earlier, a 1/6 size model of the
PA-20 was tested. IFigure 3 shows o
7 X 10 tunnel. One funciion of the 1/6 size model was to allow the

ic or rotary derivative data power on, bub we

determination of dynanm
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The infliuence of Reynolds nuwber on 1ift a2t kigh angles has long
o &5
been recognized and is well documented in the literature. Many refler-

encas can be cited to illustrate this effect. In figure b is shown

1ift coefficiant as a function of angle of abttack for two-dimensional
data on the left and daby from the PA<30 tegis in the center and on

the right. The two-dimensional <4.5a iliustrate ihe influence on Oy
of changing Reynolds mumber from 0.7 X 16° to 3.0 X 10, These data
were taken Trom The listed references. Data from the PA-30 are compared

=]

ata in the cenfer with propeliers off, and w

to the 1/6 size mode

A
did

note the sams order of discrepancy in Oy - is present for the sams

change in Reynolds mumber. We may draw two lmplications alb this peint:
(1) effects of Reynolds number carry over from two- to three-dimensiocn
and (2) the Reynolds number effects shown on the PA-30, power off, are

associgbed with flow over the main 1ifting surface ragther than an inter-

[

erence effect.

There has been speculation that the influence of powar on & small

model, that 1s, the increased slipstrean velocity and increased turbu-

lence in the slipstream, increased the offective Reynolds rmumber over




the wing and delsyed the angle of sitack at which flow separstion

G , o}

infiection point has moved from 10 power off to 12 nower on, so Shat
& Reynolds number effect on (O exists near the stall. Corparisons
of the dreg end moment data were also made, bub no discrepancies other
The result of these studies would seem to cast doubt on both the
static and dynamic results on a small wodel in atmospheric tunnels

nsar maximam LLPL.

The challenge to develop analyticsl procedures which allow the

naximan 115t of a wing is slwasys present.
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caloulation of the load
Cnte such method, develeoped in the late 1940's, relied upon Lifting line
theory and employved Reynolds number dependent two-dimensional airfoil
data to obtain leadings and the asrodynamic characteristics of wings.
Some typical results of these calcoulstions are given in figure 5 and
are compared with experimental data. This figure shows the rather

remarkablie results obtaline the point when this

work was terminated by the technigues to account

for fuselsge effects, nacelle effects, and power effecis had not been

accomplished.




continue this work. Thails
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erfort is designed to computerize the technigque and to add the o

0 g
cility of accounting for fuselage effects. A mabtrix of compubter runs

intended to provide information satlsfactory for preliminary design

is also Included. In addition, & university grant is in effect which
will result in a bibliographle summary of all relevant experinmental

date accumulabed by FWACA during the hecotic World War IV period. At
this point, however, it must be reported that existing analytical

methods are insdeguate to account for power effecis and important

interference effects.

Lateral-Directional Characteristics

Ag mentioned earlier, vresults exist on both PA-24 and PA-%25. It
is well known that the PA-30 was an oubgrowth of ithe PA-2kh models,
having two engines instead of one. In all other important respects,
nowever, the PA-30 sirveraft are identical. Let us put ocurselves in
the position of a manufacturer for the moment and trace the regults of
wind-tummel tests on PA-24 in the development of the PA-30. Figure 6
shows a plot of Gy, and Cnﬁ versus angle of attack for PA-30 and
FA-2 models shown in the sketches. With wind-tunnel teshs of the PA-24

available at small scale (1/6 size model), we should have been interested

in verifying these results. When elrveraft flisht test dabts or tests ab

larger scale became available, we should, indeed, have seen gocd agree-
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({compare dotted curve with connected crosses).  In the process of
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product improvement, 1t was decided to explore the twin configuratic

and the dashed line represents data obtained at 1/6 size on the PA-30.

-

Cp, and C,  would both tell us that the influence of nacelles was
G =
minimal. Since daba on the PA-24 should have already consolidsated our

Paith in the small scels vesulis, we should have proceeded o the
prototype stage. When results of the alrcraft became avalliable, shown

in figure 7, we would have discovered we were completely misled by the

trands even though O, sgreed asccepbably. The results shown

ALT
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here will be explored further to debermine possible implications relative

to the Langley spin program on the PA-30.

Tunnel Measurement Techniques
With the large discrepancies shown in both 1ift and the lateral-
directional Gata, it is prudent Lo review measurement technigues. Wnile
no detailed accuracy assssement hes been underbeken, Tigure 8 shows a
comparison of data on the 1/6 size model tested in the full-scale tunne
and the 7 X 10 tunnel at Langley. While minor differences exist near

meximun 1ift, these are small compared to those assoclated with scale.

S TERT

CORCIUSIONS

While not all the effects shown are understood, figure § summarizes
the conclusions to dabe.

(1) Reynolds number has sizsble effects on t

iy

power off as well as power on.

|
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(2} Techniques are not presenily available to caleulate all the
measured effects, nor do these techniques allow us to correct data from
ilow Reynolds to full scale when Reynolds muwber discrepancy flow

geparation is present.

(3} fhe Langley research LProgram on general aviation aircraft

{n

nas been recriented and will concentrate on chtaining dats st higher

of nacelle shape and thrust

>3

Reynolds number. For example, the effect
inclination, originally intended for study with the 1/6 size model,

N

hoa modified version of the PA-PL hull.

will be undertaken wit
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