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CHARACTERISTICS OF AN AIRFOIL AS AFFECTED BY FABRIC SAG

By Kenneth E, Ward

SUMMARY

This report presents the results of tests made at a
high value of the Reynolds Number in the N.A.C.A, varladle-
density wind tunnel to determine the aerodynamic character-
igtics of an airfoil as affected by fabric sag. Tests
were made of two Gottingen 387 alrfoils, one having the
usnal smooth surfacé and the other having a surface modi-
fied to simulate two types of fabric sag.

The results of these tests indicate that the usual
sagging of the wing covering between ribs has a very small
effoct on the asrodynamic charactseristics of an airfoil.

INTRODUCTION

Prior to ths present investigation, but few tests
have been made to determine the asrodynamic effects of
fabric sag in airplane wings. In connection with a study
of the 1ift coefficients of the wings of a full-sized air-
plane and of a model, the British Advisory Committse, in
1916, investigated the characteristics of the model air-
foil as affected by fabric sag. (Referencs 1.) From the
results of these tests they concluded that the effect of
the sag was not very great. In a later investigation,
Xumbruch in Germany (reference 2) arrived at the same con-
clusion and his tests at two values of the Reynolds Num-
ber indicated that the differences were even smaller at
the higher value of the Reynolds Number. These early
tests, however, were both made at comparatively low val-
nes of the Reynolds Number, and the effect of fabric sag
on the characteristics of actuzl wings was therefore not
definitely established. Rizzo (refersnce 3), in studying
the precision of wing sections, concluded that the slight
decrease in average thicknesg caused by the fabric sag
would have very little effect on the ving charactoristics.
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The practice of sSome deElgner's igfr Providing a wing
structure that reduces the usual fabric sag but entails an
Iincrease In weight led to a request by the Bureau of Aero-~
nautics, Neavy Department, for. infovmation on the effect of
sag at a high value of the Reynolds Number to determine
1f the greater welght resulting «from this type of struc-
ture is justified., The present investigation was made to’
supply this information,
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For the purpose of obtaining a representative form
of saggod surface, measurements were taken of a number of
wings on airplanes in service. . The normal rid profile and
the transverse profile of tht .sag between two adjacent v
ribs at severdl positions back from the leading edge were
obtained for sach wing. The majority of wings measured
had a sharp disdontinuity of the surface at the end of the
reinforced nose, As this discontinulty was believed to
have a greater effect than the normal sag alone, it was:
decided to incorporate this type 1ln the present lnvestiga-
tion.' For the most severe condition noted, the angle
between tangents of the reinforced and: sagged surfaces at
the point of discontinuity was approximately 70

,The wing of the Committee's Fairchild FC-2W2 alrplane
of Gottlngen 287 section, which represents a badly sagged
surface, was chosen as a basis for the models. Tests were
made of-an airfoil of uniform section and of one modified
to represent wings having fabric sag with and without nose

reinforcement, -The'.tests were made in the varlable- dengtty:

wind tunnel of the National Advisory Committee for Aero-
nautics during May, 1932, .

-APPARATUS. AND METHODS

Models,~ Two 5 by 30 inch duralumin alrfoils of the
Gottingen 287 gsection were.constructed as described in
reference 4. One model was maintained with the usual .
smooth surfaces, and tests of --this model were used as a
basis for comparison with tests of the other model, the
upper surface of which was hand-finished to- represent the
two types of fabric sag investigated. The profile of the
smooth-surface model was carefully checked. with the ribd
profile of the sagzed model by measurement.” With the nose
points and the chord lines coinciding on plets.:of these
- profiles, the maximum separation of the contours was 0,08
per cent of the chord,
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. The first type of sag constructed on the sagged mod-
el represented that found on fabric-covered wings having
nose reinforcoment, and was patterned after the worst con-
dition observed. . A photograph of this model is shown in
Figure 1., Diagrammatic sections are given in Figure 2 of
“the ridb and sag center profiles along the chord and the
transverse profiles of the sag between two adjacent ribdbs.
The discontinuity representing the end of a reinforced nosse
at the front spar position was unfortunately rounded some-
what from the desired sharp edge during the process of
polishing the modified surface. As the amount of sag on
the lower surface of the wing was negligidble, it was un-
necessary to modify the lower surface of the model

The second type of sag, representing that found on
wings without nose reinforcement, was constructed by fair-
ing out the surface discontinulty on the nose of the sagged
airfoil,” The resulting sections are shown in Pigure 2 by
dotted 1ines.'

Tests.— The models were tested in tae varlable—den51ty
wind tunnel at an average: Reynolds Number of 3,160,000,
Descriptions of the tunnel and method. of testipg may be
found in reference 4. The airfoil having smooth surfaces
was tested first and was followed by the alrfoil having
the first type of sag. This latter 2irfoil was then modi-
fied to represent the second type of sag and tested. A re-
peat test was then made 'of the first airfoil to establish
the accuracy 'of the test results._

RESULTS

The results are presented graphically in Flgures-3a
and 3b. In the first figure the 1ift goefficient (y,
drag coefficient Op, L/D ratio, and center-of-pressure
position are plotted against the angle of attack o for
the three types of surface. These data have been correct-
ed for tunnel-wall effect by the method given in reference
4, The profile and specified ordinates of the Gottingen
387 section are included'in this figure.

The profile-drag coefficient cDo’ angle of attack

for infinite aspect ratio a5, and the pitching-moment
coefficient about a point one-gquarter of the chord behind
the leading edge Cmc/4, are plotted against the 1ift co-~
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efficient in Figure 3b. These infinite aspect ratio char-
acteristics. have been derived from the observed data by

the method given in reference 4.

' The precision of these results may be estimated from-
the results of the two tests of the airfvil of uniform '
section. -The two tests were made one before and one after
the tests of the sagged airfoils and the displacement of
the test points in Figures 3a and 3b indicates the preci-
sion to be expected for all four tests. ) '

DISCUSSION

The results of these tests indicate that. the .effect..
of sag on the aerodynamic characteristics of an airfolill is
very small, The 1ift curves are almost identical until
the region of maximum 1ift is reached. The airfoils with
sagged surfaces have somewhat higher values of the maxi-
mum 1ift than the airfoil with uniform section. This re-
sult may be due to the thinner average section resulting
from the sag, as recent tests in the variable-density tun-
nel have indicated an increase in maximum 1ift with a de-
croase in thickness for thick airfoils., The differences,
however, are only slightly larger than the oxperimental
error. .

The drag curves are nearly the same throughout the
normal flying range. The values of the minimum drag of
the sagged airfoils are slightly higher then the average
value for the airfoil of uniform section, but arse probadbly
within the experimental error, The other characteristics,
as may be noted by referring to ths figures, are negligi-
bly.affectéd by the sag. .

The effect of the discontinuity as reproduced on the
model representing a sagged wing with nose reinforcement
. is unimportant. This discontinuity, however, may have ad-
verse offects where it occurs on other airfoill sections
or where a reinforced nose of a wing causes an abrupt
break in thc surface more sharply defined or nearer the’
leading edge. — o

-

o
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CONCLUSIONS

These results indicate that the usual sagging of the
wing covering between ribs has a very small effect on the
aerodynamic characteristics of an alrfoil.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 28, 1932.
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Fig.3a Comparison of airfoils having smooth and sa gged surfaces.
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