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NATIONAL ADVISORY COMMITTER FOR ARRONAUTIOCS

ADVANCE CONFIDENTIAL REPORT

PRELIMINARY AERODYNAMIC AND STRUCTURAL TRSTS SHOYING
TERE EFFECT OF COLPRESSIVT LOAD ON THE FAIRNISS
OF A LOV-DRAG WING SPRCIMZEN WITH CHORDWIS®E
HAT-SEBCTION STIFFENRRS

By Milton Davidson, Jsohn C, Houbolt,
Norman Rafel, and Carl 4. Rossman

SUMMARY

A cooperativo investigation by the alr-—flow research
and structurass rosearch sections of tho Fational Advisory
Gommittee for Jderonautics was made as part 2f a resoarch
program to obtaln structures sultadle for low-drng wings,
The purvose of this particul~r investigation was to study
tho dragz charactaristics of an NACA 86 (215)-(1,25)16 airfoil
spocimen of two—-sovar constructicn 7ith hat—-ssction chord-
vise stiffonors aftcr a comprcssivo load comparablo +vith
the nexinum applied flizht load of A modern ailitary air-
plane has boon applicd nuzd ramcvod, The rcsults of the
aorodynanic and structural tests presonted indicato that
the drag charanctaristics of a 7inz cmploying this type
of structure would probably not be changed aftecr the 7ing
has beon sudbjocted to its maximum appliad flight load,

Although some structural tests hsi beon proviously
mado on a wing specimen with spanwise stiffenors, no
coonfirmatory wind-tunnol tosts were made on thnt specimon.
It should be emrhasicol, thorciore, th~-t cf the t—o typos
of constrvction so far studied thore is not sufficlent
evidence at present to conclude whether the type of con—
struction describe? in this report or the spanwise—
stiffener tyve of construction previously tssted 1s to
be favored as regards low drag after the maximum flight
l1o0ad has bden applied and removcd,

INTRODUCTION

In a cooperative invecstigation made at LMAL by the
air-flow rescarch soction and tho structures rosearch




section, tests were conducted on a practical construction
mcdel cf an NACA 66(2135)-(1.25)16 airfoil secticn, which was
ocnstructed in the gheet-metal shcp at LMAL, The mcdel,
as recelved from the shop except for the repair of slight
local defects, was first tested in the two-dimensional
low~turbulence pressure tunnel to determine the drag
characteristica, The structures rmsearch section then
tested the model by alternately apvlying and removing
progressively larger compressive loads until some per-
manent deformation was noted in the skin., Upon removal
cf the compreasive load, rurveys to detect any change in
fairness of the skin were made by rolling a straight edge
(see reference 1) over the skin in a chordwise direction,
When an additional flat spot, even of mincr eseverity,

was detected for the first time, drag testr of the model
were again run ir the two-dimensional tunnel, In this
manner quantitative resulte could be obtained, because
any drag increment due to increased unfalrness in the
mcdel resulting frcem the lomding could be. shown..

HODZL

The NACA g—soeries airfoil used, which was of 352—1nch
span and of 72-inch chcrd, was & ~7ing panel of
NACA 65(21b)-~(1,25)16 airfcill section, The soccimen em—
plocyed a twc-spar construction with selid cr full end ribds
and with false nosn and tail ribe, svaced at 6-inch intervals
between the full end ribe, and with chordwiso hat—scctlon
stiffcaners, spaced at 6-~inch intervasls, supporting the
skin botwocen srars, The spars were located 2t 15 and 72,5
perccnt of the chord, The skin was attached —ith rivets
driven by mothcd B as derscribed in roforence 3, A drawxing
of tho airfoll msection is given in figure 1 nd a photo-
graph of tho spocimon is shown in figure 2,

AXRODYNAMIC THSTS

Teat Mcthods

The acrodynamic tests consisted of drag measuremeonts
made in th> tvo-~dimensional lcw—turbulenco pressure tunnel
by the wanke—survey method, and the test osrccedure ccaformed
with that outlined in refsrence &,

The model was originally tested for drag character—
4stics in the condition in which it was received from the




shops except for the glazing of the seams at the front
spar with pyroxylin putty and. the repairing of a few
minor scratches on the airfoil surfaces by sanding or
filling with glazing putty. This model condition will be
referred to as the before-loading condition., The model
wags then subjected to loading tests in the structures
research laboratory, after which a few local surface im-
perfections were repaired in-an attempt to reproduce the
detall surface condition before loading. These imperfec~
tions, which resulted from permanent set of several riv-
ets, could probably have been avoided by a change in rive-
et epacing. Their repair is bPelieved Justified dbecause
the presenoce of such defectr would have invalidated the
repults with respect to determining any drag increments
resulting from increased unfairness of the model. Any
flat spots on the surface, however, were left untouched,
A second set of drag tezts were made of the model in this
condition, which will be referred t0 hereirafter as the
after~loading condition.

Results and Discussion

The variation of section drag coefficient with
Reynolds numVer for the wing specimen model of an NACA
55(215)-(1-23)16 airfoil is shown in figure 3 for the
before~loading and the after-loading conditions; for com~
parison, the results of a previously teated, camouflage-
painted, practical-construction model of an intermediate
wing section, an appr-ximate NACA 66(2 x 15)-116, a = 0.6
airfoil, also are given. From a comparison of the drag
curves presented, it appears that the drag values as
shown for the NACA 65(215)-(1.23)1€ airfoil could be lowered
because it is probable that surface conditions oould have
been improved to obtain results oomparadle with those ¢f
the approximate NACA 66(2 x 15)-116, a = 0.6 airfoll.

The drag increments obtained for the before-loading and
after-loading conditions give an indication of the change
in model fairness.

The variation of section drag coefficient with sec-
tion 1lift coefficient at several values of the Reynolds
number for the section tested is given in flgure 4 for
the befors-loading and after-loading conditions. Because
of the inaccuracies in results (due to stream constric-
tion) that arise in the two-dimensional low-turbulence
pressure tunnel with large-chord models at high angles
of attack, tests were made through only a small angle-of~
attaok range.,




Figures 3 and 4 show that the drag ccefficlents at
Reynolds numbers up tc 24,000,000 are approximately the
same fcr the two model conditions although, at Reynolds
numbers greater than 24,000,000, the drag of the medel
fer the after~loading condition is lower than that for
the before-loading condition despite the fact that every
effort was made to keep local surface detalls the same
for both loading conditions. This decrease in drag,
vhich may be attributed to an accidentally smocther fin-
ieh for the after-lcading condition caused by refinishing
the model after the compression tests, indicates the
order of accuracy of the tests, It is believed that any
drag increases resulting from a significant unfairness in
the model would be of such magnitude that they wculd not
be masked by the drag decreases resulting from the acci-
dentally smoother asurface finish, The slight additional
unfairnees in the model that resulted from the ccmpresr
gsive loading to0 which the model was sudbjected appears to
have no adverse effects on the drag characteristics of
the model as shown by a ocomparison of the before~loading
and after-loading conditicens. It 1s nct known what wculd
have Yeen the effeot of this elight additional unfairness
en the drag characteristices if the surface conditions of
the wing-~specimen model had been as good for the before~ °
lcading test as the surface conditions for the approximate
NACA 66(2 x 16)-116, a = 0,6 airfoil. (See fig. 3.)

STRUCTURAL TESTS

Test Methecds

After the airfoil was tested in the twc-dimensicnal
tunnel where its drag characteristice were determined, 1t
wag placed in the 1,200,000-pound-capacity testing ma-
chine in the structurer research ladoratory, where two
types of compressive tests were made. In the first type
of test the model was subjected to compression with uni-
form bearing on both ends and a varying internal pressure
was applied to the airfoil in order to determine the ef-
fect that a reduced presrsure over the outside surface
might have on the size of buckles that might form in the
wing surface when an airplane i=s in flight. In the gsec-
ond type of test, the load on the specimzen was applied
through two spars at one end of the specimen while the
cther cnd was in uniform bearing,




Strain measurements were taken during the couree of
the tests to determine the probudle stress distridbution
in the airfoil for a given applied 1load. The airfoil
fairness was determined by the method used and explained
in reference 1,

Results of Teste with Uniform Bearing
on Crose Sccticn

Structural action.~ Figure 5 shows that the curve of
observed aversge spar strain plotted against applied load
is approximately linear up to loads in the wicinity -f
40,000 pounds, at which definite buckles were observed in
the skin,. At loads above 40,000 pounds, the slope ‘'of the
curve decreases with an increase of load, which irdicates
that the skin was loeing its effectivenees in reslesting
higher loads.

Figure 6 ghows the relation between the applied load
and the area that was effective in reesipgting this load.
The effective area was determined by dividing the load by
the absolute stress in the spars, This stress was o0b-
tained by converting the strains of figure 5 into stresses,
a modulus of elasticity of 10,7 % 10°% pounds per square
inch being used. TFigure 6 alro presents a curve showing
the efficlency of the oross section plutted against load.
This efficliency is computed as the ratio of the average
stress over the cross section to the stress in the sypars;
it may also be considered the ratio of the effective area
to the total area of the cross section.

The average stress at which bdbuckles were first no-
ticed in the gkin was 3100 pounds ver square inch. These
buokles developed into the form of waves along the speci-
men and extended over almost the entire dlstance between
the spar oaps., A photograph of the airfoil under a load
of 85,000 pounds is shown in figure 7, in which the wave
form or buokle pattern of the skin is revealed by the re-
flection of a straightedge placed along the sparwise
direction of the airfoil. Figure 8 ghows the observed
variation between depth of a typizal dbuckle and applied
internal alr pressure to simulate reduced pressures out-
side the airfoil, with the specimen under a lcad of 85,000
pounds; at a pressure difference of 1.4 pounds per square
inch, the depth of the buckles becomes qulte small,




Under & total load of 131,800 pounds, a local dbuck-
ling fallure was obererved in the trailing edge of the
specimen and conseaquently no additional load was applied
for fear of completely destroying the trailing-edge skin
panels. A photograph of this local failure 1s shown in
figure 9, which also shows the severe bdbuckling pattern
that was develcped in the skin along the spar caps.

Fairness surveys.- The results of all the falrness

surveys are shown in figure 10, The initial survey in-
dicated that the airfoil had eseveral flat areas of minor
severity before loading. ZFor loads up to a total load of
90,000 pounds the chordwise fairness surveys, as made by
rolling a straightedge over the surface, indicated only

a emall increase in the number of flat spots, even though
the skin had a very pronounced wave pattern along 1ite
spanwise direction. At loads greater than 30,000 pounds
the airfoil could definitely be regarded as not feir, be-
cause numerous bucklee occurred in the nose and tail por-
tions and especially in the region along the spar-cap
flanges. Although there were severe buckles in the skin
at high loads, the fairness surveys showed no evidence of
any permanent deformation in the surface of the airfoll
even after the maximum load of 131,800 pounds had been
applied and removed.

Results of Tests with Load Applied through Spars

at One End of the Wing Specimen

Structural action,~ When the model was tested with
both end cross sections bearing, the stress developed
could not be trought up to the desired value because of
the posgsibility that the model would become permanently
damaged; another test was therefore conducted in which
the load was applied through the two spars at one end of
the specimen, A photograph of the airfoll in the testing
machine under this test condition 1& shown in fizure ll.

A curve of average strains in the spar caps at the
points of application of the concentrated loads plotted
against the total applied load is shown in figure 12,
Jor comparison, a theoretical curve derived on the asg-
sumption that only the area under the loading blocks
resisted load is also presented. This area was equal to
4,98 square inches and was taken as the area of the spar
caps plus the effective area of the skin, which in this




case was assumned to -extend 20 skin thicknesses on either
side of the spar caps., The general agreement betveen
these two curves indicates that the computed effective
area is of the correct order of magnitude. In figure 13,
the curve of average strain along the airfoil, as deter-
mined from the over-all shortening measured with dial
gages, is also plotted against applied load. A4t a given
load these strains are somewhat smaller than the spar
straine becnuse the load tends to become more uniformly
distributed throughout the airfoil as the distance from
the concentrated loads incveasesn,

At a total load of 175,000 vounds, which corresponds
to an average stress of 5,200 pounde per asquare inch in
the spar caps at the pecints of application of load, local
fallures developed in the skin adjacent to the loading
blocks at the ends of the spare. The gkin had permanent
brckles between rivets, and there were indications that
buckles had produced permanent rivet sct in tension bYe-
cause several rivet heads were left protruding a few
thousandths of an inch above the surface of the skin
after the losd had been removed. A photograph of a local
failure is given in figure 13,

FYairnegss surveys,~ The results of the fairness sur-

veys for this type of teet are shown in figure 14. For
loads up to 82,000 pounds, the number of flat spots
slightly increased with load; at this load, shear buckles
began to occur in the region of the loading blocks. At
higher loads, the extent and severity of these duckles
became more and more pronounced and numerous buckles ap-
peared along and adJjacent to the spar cap flanges. No
change in fairness from tine original contour of the
epecimen was evident with successive apvplication and re-
movel of higher and higher losds until a load of 175,000
pounds was reached, On the removal of this load, several
very small additicnal flat areas were found, as shown on
the last sketoh of figure 1l4. The corresponding average
spar streass at which slight permanent deformation of the
ekin wags first noted waes 35,200 pounds per square inch.

Analyesis of Results

If an airplane wing vere constructed with the same
type of construction that ‘was used in the ailrfoil speci-
men, the ultimate stress that conld be developed by the




structure would be that of the material of the spar. If
the design ultimate stress is taken as 60,000 pounds per
square inch, the marimum strese taat would be expected to
be developed in the life of the airplane ias two-thirds of
this valune, or 40,000 pounds per square inch, This value
ie slightly higher than the value of the stress at which
some permanent set in the skin was found, It is possidble
that a higher stress than the value of 35,200 pounds per
square inch developed in the test could have been at-
tained without seriously sffecting the fairness of the
wing under no load. Under the assunption that only the
epar cavps are effective in re=isting load and with a de-~
sign load factor taken as 12, the compressive stress in
level flight would be 600G0/12 or 5000 pounds per souare
inch., Thie value i1s well below the stress in the apars
at which buekling of the skin occurred when the specimen
was loaded throuvgh the spars, This condition of loading
would be similar to that of a wing having a cut-out in
the upper surface. In the case of the test 0f the speci~
men in uniforw bearing, however, the spar stress at which
buckling occurred was only 3150 pounds per square inch
and on firet thought it would appear to be an unsatisfac-
tory structure in level flight. Actually under level
flight, the skin would take its full share of the loed,
and the spar stress would be reduced by the ratio of the
area of the spares to the area of the spare plue the area
of gkin effective in bending. TFor the wing specimen,
this ratioc is about 1/2.2, which would reduce the spar
strese from 6000 to 2270 pounds per saguare inch, a value
below the critical bucklings stress. The pessibility of
buckles forming 1s further alleviated by the presence of
a negative pressure on the upper surface of the wing.

DISCUSSION OF CEORDWISE AWD SPANWISZ STIFFENING

AS REGARDS WING FAIRNESS AFTER LOADING

The tests reported inr reference 1 suggrsted a pro-
cedure for determining in advance the protable guccess 0f
a particular type of conertruction for a low-drag wing
when subjected to load, The resulte obtained, however,
did not permit final conclusions to be made as to the
suitability of skin with spanwise stiffeners for low-drag
wings, beceuse of the absence of confirmatory wind-tunnel
tests, :
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The results of the aercdyneamic and structural tests
presented in this report indicate that the drag character-
istics of a wing employing a structure consisting of two
spars with hat-section chordwise stiffeners, as described
herein, would probably not be changed after the maximunm
flight l1oad had been applied and removed, The slight ad-
ditional unfairness of the model resulting from the com-
rressive loading to which it was subjected appears to
have had no adverse effect on its drag characteristics,

It ehould be emphasized, however, that of the two
types of construction so far studied there is not suffi-
clent evidence at present to cunclude whether the type of
congtruction described herein or the spanwise-stiffener
type of construction described in reference 1 is to de
favored as regards low drag after the maximum flight locad
has been applied and removed.

CONCLUSIONS

The results of the merodynamic and structural tests
presented in this revort indicate that the drag charac-
teristics of a wing employing a structure consisting of
two spare with hat-section chordwise stiffeners, as de-
scribed herein, would protskly not be changed after the
maximum flight load had been applied and removed, The
slight a2dditional nnfairness of the model resulting from
the compressive loading to wnich it was sudbjected appears
to have had no adversc effect cn its drag characteristics.

Although some stractural tests have been made previ-
ously on & wing specimen with epanwise gtiffeners, no
confirmatory wind-tunnel tests were made onr the specimen.
It should be emphasized, therefore, that of the two types
of construction so far studied there is not sufficient
evidence st present to conclude whether the type of con-
struction described in this report or the apanwise-
stiffener type of consivuction rreviously tested is to bde
favored as regards low drag after the maximum flight load
has been applied and removed.

Langley lemorial Aeronautical Labdoratory,
National Advisory Committee for Aeronsutlce,
Langley Field, Va,
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number for an NACA 66(215)-(1.25)16 airfoil for before-
loading and after-loading conditions.
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