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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO. 1151

SUMMARY OF DRAG CHARACTERISTICS OF
PRACTICAL -CONSTRUCTION WING SECTIONS

By John E. Quinn, Jr.
SUMMARY

The effects of several parameters on the drag characteristics
of practical-construction wing sections have been considered and
evaluated. The effects considered were those of surface roughness,
surface waviness, compressive load, and de-icers. The data were
obtained from & number of tests in the Langley two-dimensional
low-turbulence tunnels.

The section drap coefficients of practical-construction wings
in the "as-received" condltlon were often as high as 0.0070 at
Reynolds numbers of 20 X 10°.  When gpar joints or surface unfairness
occurred in a region of nofmally laminar flow, decreases in section
drag coefficient up to 50 percent could be obtained by a combination
of surface finishing and fairing. In some cases, nearly half this
improvement was due to better surface fairness. The drag of smooth
wings with thick skin having spars placed at or behind the most
rearward position at which leminar flow might be expected approached
that of fair and smooth airfoile of corresponding sections. Some
quantitative data were obtained and indicated the effects of waves
in the laminar-flow region of smooth practical-construction wings on
the Reynolds number at which premature transition would occur. For
Reynolds numbers up to 50 X 10°, a few examples are given of surface
waves on NACA 6-series airfoil sections that did not cause premature
transition.

As a result of the construction irregularities existing on
wings as received from the menufacturer, the differences in drag
usually associated with airfoils of different series were not obtained.
Combinations of glazing, painting, or minor refairing of the surfaces,
however, were sufficient to prc@uce section drag coefficients
approaching those for fair and smocth airfoils of correspondlng sections
et Reynolds numbers up to approximately 20 X 10°

Loading a wing in compression until some slight permanent set
of the skin or rivets occurred had little or no adverse effect on the
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drag characteristics of two wing sections designed to retain their
true contours under loade usually encountered in flight. While the
vwing was wnder load sufficicnt to produce such deformation, however,
drag coefficients as high as 0.0060 were obtained at Reynolds
number of approximately 2% x 10° e£3 comparcd with a value of 0.0045
for the unloadcd wing at the same Reynoids number.

Airfoil sectione having thicknecss ratios of approximately
15 percont eand equipped with leading-edge de-icer bocts were found
to have section drag cocfficients of approximetely 0.0070 at Reynolds
numbers between 10 x 10° and 32 x 10°. * This valuc of the secction
drag coefficient appearcd to be independent of the airfoil section
upen which the de-icer was mounted.

INTRODUCTION

Numerous investigations of airfoil sections built by various
practical -construction methods have been made in the Langley two-
dimensional low-turbulence twinels to determine ths effects of -
construction irregulerities on the aserodynamic characteristics of
the airfoil sections that sach model reprosented. The results of the
tests were useful in estimeting performance characteristics of the
airplane for which each installation was being considered, but no
attempt was made to correlate the aerodynamic characteristics of the
wing sections with the type of construction employed.

In the present paper the data obtained from the tests have been
collected and analyzed to find the effects of several paremeters on
the drag characteristics of practical-construction wings. The effocts
of surface roughness, surface waviness, compressive load, and de-icers
were considered. The drag cheracteristics of the models, which repre -
sented both NACA 6- and 230 -series airfoil sectlions, were obtained
for various surfece conditions. These surface conditicns generselly
included the originel condition as received from the menufacturer and
a number of improved conditions obtained by glazing, sanding, painting,
or by a combination of these processes. Surface-waviness measurements
were made Liore recently on several models and the drag and waviness
measurcuments were correlated wherever poseible.

SYMBOL
e airfoil chord, feet
da difference between gage reading on airfoil surface and on

e flat plate, feet :
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d/c

8

waviness index

chordwise distance along airfoil surface from lecding cdge,
feet

section drag coefficient

section lift coefficient

design section 1ift coefficient

Reynolds number based on wing chord

acceleration of gravity, feet per second per sccond

distence along chord from leading edge, feet

cffoctive thickness of boundary layer; thickness to point
wkere velocity inside boundary layer is equal to 0.707 of
velocity outside boundary layer, feet

Reynolds number bascd on effective boundery-layer thickness

local velocity outside boundery layer, feet per second

froe-stream velocity, feet per second

S0
free-gtroem total pressure

Ba D
pressure coefficient _>)

local static pressure

frec -streem dynamic pressure

MODELS

The models tested were built by practical-construction methods

and werc of 3-foot span and from 6- to 8.33-foot chord. Chordwise
stiffeners, spanwise stiffeners, or combinations of the two were
used, and the modcls were of the single-, double-, or triple-spar

type.

Both NACA 230- and 6-scrics airfoil sections were represented.

Explanations of the airfoil designations are included in reference 1.
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The original condition of the wing as received from the
manufacturer and also the verious improved conditions are described
for each model where date for the various surface finishes are
presented. These improved surface conditions were obtained by one
or more of the following finishing procedures:

Camouflage painted: Painted with synthetic-enamel camou-
flege paint giving a surface condition similar to that obteined by
procedure 5 of refercnce 2.

Sanded: OSurface sanded sufficiently to remove paint specks
and other similar excrescences.

Glazed: Local defecte such ag nicks, dimples around
rivets, and seums, filled with pyroxylin putty and sanded smooth.

Painted: Painted with gray primer surfacer and sanded
smooth with No. 320 carborundum pspei.

Faired: Modifications to surface either by extensive
application of pyroxylin putty or rebuilding to reduce the number
and size of larger surface irregularities.

In the present paper the term "roughness" is used to denote .
the presence of local nicks or scratches, open seams due to chord-
wise or spanwise joints, dimples around rivets or screws, paint
specks, or other similar projections. The term "waviness" is limited
to those wrinkles in the skin that present gentle deviations from a
fair surfece. A surface is considered to be aerodynamically fair and
smooth when furtaer decreases in the amount of surface roughness and
waviness produce no change in the serodynamic characteristics.

Descriptions of the models, = list of the surface conditions
studied, and an index to figures in which dats for the various
surface conditions are contained are presented in teble I for the
models considered heroin.

TEST METHODS

The tests of the practical-construction wing models were made
in the Langley two-dimensional low-turbulence tunnel (desifmated LTT)
and in the Langley two-dimensional low-turbulence pressure tunnel
(designated TDT). Thesce tunnels have test sections 3 feet wide

by T% feot high and were designed to test models completely spanning

the Jet in two-dimensional flow. The turbulence level of these
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tunnels amounts to only a few hundredths of 1 percent snd is
considerably below that at which cny effect is apparent on the
critical Reynolds number of a sphere. Tests in the TDT may be made
under pressures ranging from 14.7 to 150 pounds per squexre inch
absolute; thercfore, by incressing the tunnel pressure high Reynolds
nunbers may be obtained et relatively low Mach numbers. The Mach
number of the tests was in no case greater than 0.2. In these
tunnels, lift ie measured by integrating the pressures along the
floor and ceiling of the tumnel test section ond drag 1s measured by
the weke-survey method. The drag coefficients are usually obtalned
at a spsnwise position selectod as a representative section of the
wing from = nwiber of spunwise surveys at a low 1if't cocfficient.
More detailed descriptions of the methods used in obtaining and
reducing data in these tunnels are contained in reference 1.

Surface-waviness measuremente for the wind-tunnel models were
obtained with a standard Ames dial zage mounted on legs spaced
s . : e i
232 inches. The readings were reduced to dimensionless form by
2
subtracting the reading of the gage when placed on a flat surface
from the readings obtained with the gage in various positions along
the airfoil surface and dividing the diffcorence by the airfoil chord.

RESULTS AND DISCUSSION

In the anslysis of the effects of surface roughness and
waviness, the surfaces wers assumed to be so smooth that the
differences observed between the asured drags snd the drags of
fair and smooth models were related directly to the relative extents
of the laminar ond turbulent boundary layers. The offccte of surface
roughness or waviness on drag therefore can be interproted essentially
as the effect of this roughness or waviness on the position of the
transition from the laminer to the turbulent layer.

In order to dorive sn approximate relation betwecen the section
drag coefficient and the position of transition, section drag coef-
ficients have been calculated by the method of reference 3 for the
NACA 66(215)-116 airfoil section at a section 1lift coefficient of 0.1

and a Reynolds number of 20 X 10% for assumed positions of transition
ranging from 0.1c to 0.6c. (See fig. 1.) These calculated values
have been used throughout the analysis vhen an estimate of the
transition point on NACA 6-series airfoils was reguired, since the
variation shown in Tigure 1 is thought to be reascnably repre-
sentative of the airfoil sections for which data ore presented herein.
The values of the section drag coefficient found for transition
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at 0.50¢c or 0.60c are probably slightly higher then those of fair

end smooth NACA 65- or 06-ceries airfoils, respsctively, because

at Reynoids numbers up to approximately 20 X 108 transition would .
probably occur slightly behind tie minimum pressure point.

Effects of Surface Conditions

Surface roughness.- In the conoideration of the effects of
surface roughness on the drog churacteristics of practical-
construction wings, the separate offects of various steps in the
finishing process have besn determined. Photographs of models 1
to 6, which are WACA 6-series alrioil sections, are presented as
figures 2 to 7. The drag characteristice of these models with
various surface conditione arc prescnted in figure 3.

From figure 6(a) at a Paynolds number of 20 X 10€ the
following drag characteristics may be obtained for model 1
(nacA 65(216)-3(16.5)(approx.) eirfoil section):

Wi Percentage
Ste Surface condition - cq b i g J
! % 1 improvement
1 Original. camouflage painted; 0.0086 |--=-- ——————
discontinuity at front
.
spar (0.12¢)
2 Upper surface glazed over 0070 19
front spar; lower surface
glazed to front spar
3 Upper surface painted io .0058 33
0.7lc; lowsr surface
painted to 0.]2¢
L Both surfaces painted to 0.7lc| .0052 %0

An irregularity consisting of a rathor large flat spolt existed at

the front spar (0.129) on both eurfaces in the original condition.

This flat spot was detected by rocking a straightedge over the

surfaces in a chordwise direction. The large reduction in drag

obtained from sStep 2 was probably due to a partial falring of the s
flat spot on the upper surface. Transition moved downstream but

8till occurred forward of the minimum pressure point &g a result

of the flat spot. Local glazing (step 2) and painting the model P
surfaces (steps 3 and 4) are not thought to aslter the surface

waviness appreciably but rather to eliminate local nicks, dimples
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seams, and scratches. The final velue of the section drag coef-
ficient of 0.0052 obtained with step 4 corresponds to transition
at approximately 0.43c, or 0.07c ahead of the design position of
minimum pressure on an NACA 65-series airfoil section. Since the
model surfaces after step I were smooth end the middle spar was
located at 0.45c, the remsining unfairness near the nose of the
model appeared to be responsible for the premature transition.

The following table shows the improvements made on model 2
(NACA 66(215) -21k (approx.) airfoil section) at & Reynolds number of
20 x 10%, as obtained from figure 8(b):

Percentage

S S Aac ditl C

tep urface condition cq improvenent
' Originel unpainted |0.0070 | «--vvme-en-
2 Glazed =2nd painted .0055 2
3 Refaired .0035 50

The drag was reduced 50 percent, although a reduction of only

21 percent was obtained by smoothing tiue surfaces. In the unpainted
condition, the section drag coefficient of 0.0070 corresponds to
traneition at approximstely O0.24c. Figure 3 shows that numerous
dimples caused by the rivets existed in the skin. These dimples
were probably responsible for transition approximately 0.10c¢ ahead
of the front spar. Glazing and painting the model reduced the
section drag coefficient to 0.0055, or moved transition to approxi-
mately O0.40c. Transition at this point was probably due to unfair-
ness at the Tfront spar. Refuiring the model evidently removed the
irregulerity at the front spar and the section drag coefficient
was reduced to the value of 0.0035, or approximately the same as
that of a fair and smooth model of the same section.

The drag characteristice of model 3 (NACA 66(215)-116 airfoil
section) are presented in figure 8(c) for a range of Reynolds

G
numbers and in the following table for a Reynolds number of 20 X 10 :
oy Percentage
A o PRI :
Step Surface condition 4 improvement
1 10viginal (bere-metel skin) } 0.00862 |'wvnr==enann
2 |Glazed to spar Joint at
0,3&c 0055 2
3 |Glazed and peinted over
spar joint L00hk 29
Y |Entire surface painted L0042 32
5__{Partly refaired .0040 36
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The section dreg coefficient cf the model in the original (bare-
metal) condition, 0.006Z, corresponds to ‘reansitvion at approximately
0.32c. Dimplss and locel defects forwsrd of the sper (fig. &)
probably caused trensition at that point. The glazing of tae
surfaces forward of the spar (etep 2) reduced the drag 11l percent;
the section drag coefficient of 0.0055 corresponds to transition

at about 0.40c. Clazing and painting over the epar joint (step 3)
decreased the section dres coefficient to 0.004k, or moved transition
to approximately 0.50c. Psinting the entirc model surfaces (step 4)
brought about little further improvemcnt. Some waviness at the spar
joint at 0.32¢ (teble I) was probaebly resncngible Tor premature
trensition on model 3. The Tinal soction drag cocfficient of 0.0040,
howover, shows that the waviness did not cause premsture transition
un to approximately 0.55c.

The drag characteristics of model 4 (NACA 66(215)-116
= 1.0, e7. & Q.2 |

< i s airfoil section aye presented in figure 8(a)
[6 = 06, Cz'i = -O.l’!

il

6
and in the following table at a Reynolds number of 20 X 10 ¢

Percentage

37 Clo P o 3
Step purface condition Cq {mprovement
1 Original - painted with | 0.0056 | ~=w-mmaemu-
zinc-chromate primer
2 Painted .0040 29
3 Glazed .0040 29

A total reduction in section drag coefiicient from 0.0056 to 0.0040,
or 29 percent, was obtained by smoothing the model surfaces. The
sudden increase in section drag coefficient at a Reynolds number

of 13 X 10 was thus eliminsted, as shown in figure 8(d). Repid
increasss in section drag coefficient with Reynolds number, similar
to that shown, are usually associated with surface roughness. Local
nicks or depressions near the rivets probagly caused premature
trensition at e Reynolds number of 13 X 10  in the unpuinted condition
but were not large enough to cause nremature transition at lower
Reynolds numbers. The flush riveting on this model was unusually
smooth. The final section drag coefficient of 0.0040 is higher

o
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then that of a Tair and emooth NACA 66-series airfoil section.
Becauge the sper on this model was located at 0.00c (teble I),
waviness at the spsr joint was not likely to be responsible for this
discrepancy. Deviations from true contour in both the chordwise and
spenwise divections, =8 shown in figure 5, therofore, wore probably
responeible for the slightly high drags in the finished condition.

v

The section drag
¢§ACA 66(215)-116 ja

oefficient of 0.0037 for model 5
airfoil sectio§) found

c

20 15050 = 0,2 3
e c%i = Lok
st R =20 X 10% (f1g. 8(e)) is nearly the sems as that of a fair
and smooth 66-series section, and consequently little or no improve-
ment wag made by pointing and sanding. The spar location at 0.60c,
combined with the use of a thick skin (table I}, probably made
possible the resllzation of low-drag choracteristics to higher
Reynolds numbers then have been found with most models having spars
located farther foxrward.

i
L
i
i

o

Variations of section drag coefficient with surface condition
for model 6 (NACA 66(215)-116 airfoil section) are shown in the
following table at a Reynolds number of 20 X 10°, as obtained from
fipure 3(f):

& T B e %
Step Surface condition cq = GRS
; improvement
1 | Original -~ covered with fab- 0.0066|==mmme=minm=
ric surfacer
2 | Fabric surfzcer sanded 0060 9
3 | Surfacer removed 0072 -9
L | Glazed up to 0.15¢ 0072 -9
5 | Glazed up to 0.45c L0066 0

No large dscreases in scction drag coofficicnt were .obtained by
improving the surfoce Pinish of model 6. In the best condition,
that is, with fabric surfaccr gended, transition probably occurred
at approximatcly 0.35c¢, or 0.25¢c ahead of thc design position of
minimum pressure. The surface rateriel, waich consisted of fabric
doped to the metal skin, evidently macked considerable unfairness,
for in the bore-metal condition the drag wae 9 porcent higher than
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that for the model in the originsl condition. The drag coef-

ficient of 0.0072 for steps 3 =nd 4 would correspond to transition -
at approximately 0.2lc. Glazing to the rear spar (step 5) resulted

in a section drag coefficient that would correspond to transition at

about 0.28c. The model surfaces in this case were very smooth; the

extreme surface wavinese of model 6 therefore, was probably responsi-

ble for the high section drag coefficients.

The preceding obeervations of the decrease in drag causcd by
improving the surface finish end fairness of practical-construction
wings at a Beynolds number of 20 X 10€ are summarized in the following
statements: When gpar joints or similor surface irregularities
occurred in a region of normally laminar flow, the section drag coef-
Picients of several NACA 6-sories airfoll eections zs received from
the manufacturer ranged from 0.0062 to 0.0086. A combination of
improvement in surface smoothness and fairmess obtained by glezing,
painting, or minor refalring reduced these section drag coefficients
by an amount renging from 0.0022 to 0.0035, depending upon the value
of the original dragsg. Tests of two models having thick skinsg and
s8pars placed at or behind the most rearward position at which laminar
flow might be expected yiclded section drag coefficients very close o
to those of fair and smooth ajirfoils of corresponding sections.
Elimination of minor surface roughness by local glazing and painting
helped tc meintain these values of the section drag coefficient over
a rather large range of Reynolds number. Glazing and painting these
models did not, however, eliminate the adverse effects of surface
unfairness or waviness where it existed, although the severity of
these effects was usually lessened.

Surface wavinesge.- In thc consideration of the effects of
surface waviness on the drag characteristics of airfoil sections,

the effecte of roughness have been climinated by using data for

smooth models only. The types of waviness investigated were those

agsociated with short-wave-length wrinkles in the airfoil skin and

with deviations from true contour over a large part of the chord.

The wrinkles, or waves, were detected by passsing & surface gage over

‘the airfoil surface to obtain the waviness index d/c  at & numper

of chordwise locations. Any deviation from a fair curve in the plot

of waviness index sgainst chordwise position is an indication of a

surface wave, although the waviness index does not give directly

either the length or magnitude of the wave. When the spacing of the

legs of the gage is approximately e constant fraction of the alrfoil v
chord, however, the deviation of the chordwise variation of the

waviness index from a fair curve is a satisfactory mesns of comparing

the relative waviness on different airfoil models. Deviations from .
true airfoil contour over a large part of the airfoil chord were

investigated in one case by checking the model contour with a templet.
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Feeler goges incerted between the templet and the airfoll surface

i o

woere usoed to measurs the deviation from the true contour.

The surface waviness on two models was reduced beyond the
point where an effect on drag was noticesble. The two models were
model. 7 {the NACA 66(p15)-11k airfoil scction) and model 8 {the
NACA 66(2x%15)-116 airfoil section). The drag characteristics of
models 7 and 8 could then be compared with thoee of other smooth
models of similar airfoil section to determine whether the drag
characteristics of the othor models were adversely affected by
surface waviness and, if so, to what extent.

A photograph of model 7 is presented as figure 9. The drag
characteristics of this model with two conditions of surface waviness
are presented in figure 10, and the wavinoss meagurements for the
two surface conditions are presented in figure 11. Almost no
difference was found in the drsg characteristics with the two
wavinces conditions, althourh insneccbion of figure 11 shows that in
the faired condition the model suifaces were considerably more fair
then in the "egs-received™ condition. Because a marked reduction in
the surface waviness thue had no apparent effect on the dreg character-
igtics of model 7, 1t was thought that transition probably moves
forward  as the Reynolds number increases cven if no waves exist. in
order to investigate the possibility of this phenomone, drag coef -
ficionts were czlculatod for scveral Reynolds nurbers by the method
of reference 3. For these calculations it was agsumed that transition
would occur at a constont value of RB (Reymolde number based on the
effective boundary-layer thickness) unleegs the particular value
g R chosen occurred behind the position of minimum pressure.
Estimation of the transition point in an adverse pressure gradient is
rather involved and was not considercd of sufficient interest in the
present paper to be included. The position of transition wes sstimated
for several sasumed values of XKg Dbetween 6500 and 8500 by use of the
following equation obtained from reforence bs

, e
0,2 2 )2(110\7-17; (U )8.17 "
R 23 N ot o U dg
The use of a constant value of Ry of 8000 was found to provide
the best over-all agreement between the calculated and expsrimental
gection drag coefficients. Although the calculated-drag and
exporimontal-drag curves of figurc 10 do not agrecc very closely at
Reymolds nvmbers betwecn 20 X :LO6 and 30 X 106, the section drag coef-
ficicnte obtained oxperimentally and theoreticolly are in good
agrecment for Roynolds numbers botweon 30 X 108 and 50 X 106. At
Reynolds numbers botwoen 20 X 10° and 30 X 10%, the highor drags of
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the erperimental resul®a oould havo been caused by very small
particles of lint and duss adhering to the airfoil surface. The
model surfaces were partly painted and glazed and partly bare metal
for the faired condl rwo“ In th past, JTV07 shed motal surfaces
have often been feound te present groator dirfficnlties in
nating dust and obthexr paridcles t~“n do high-glcss or polished

surfaces. An accumuatlion of smell dnst particles could bring about
small disturbances in the lzminur-flow layer that would produce light
premuture forward movemeats of uresasition.

Although the value of &g of 8000 wos obtoined by trial and
error in an attempt to obtiin correlation betweon the experimental
and calculated curves, referouce 4 indicated that under one set of
conditions trensition was lound to occur on an alvplane wing in
flight at values of Rz betweea €C00 end 9300.

Drag-scale-effsct curves were slso chtained for model 8 (the
NACA 66(2x15)-116 wairfeil secticn) undor two conditions of surface
waviness. A vohobogruph of this model is presented es figure 12
drag characterigtics are nrepented in figure 13, and waviness
measurements are presented in figure 4. With the slrfoil camouflege-
painted and sand.d, cond ijnr’%lu weviness cxisted near the front spar
located at 0.35¢c (fig. 14). A reduction in waviness at that point

!
(R

had a very small effoct on the draz charscterietics, bringing about
a reduction in section o, coefficient of spproximately 0.0002 at

Reynolds numbers between 30 X 10% and 50 X 10€ (fiz. l°) In the
faired condition, the mfaol purfaces were approximately as fair as
it was practicclly feasible to meke thom. Calculated dra g curves
for critical velues of R: »f 5000, 3300, and 5000 sre presented,
togetiier with exiucrimontal dota, in figure 13. Very good ngreement
was obtained between the cxporimentel values and the celculated
values T'or Ry == 900C.

Because it was poscible 'mte for model 3 both the value
of the Reynolds number ot which . drag occurred and the velue
of the section drag coefficients at tyd Li Reynolds numbers, it appear
that it is possible to aepproximate the drag-scale-effect curve for a
smooth and fair airfoll by assuming thav Lr@n%iti on occurs at s
critical value of Rg botween 8000 and 2000 wgc it does not occuxr
ag a result of revcv"al in the pressure gradient. Because reductions
in the amount of surfacc waviness brought ebout little measurable
change in section drag coefficlient, the waviness existing on either
model 7 or model 8 did not snpear to be sufficiently great to affect
the drag characteristics of these airfoils ot loast at Reynolds

nubers between 30 X 10® Lhal 508X 16°.

l..I.

+
%
.
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The drag charscteristics of a mmber of smooth NACA 6-series
prectical-construction airfoil sections were compsred with those of
models 7 and 8. Any models for which the drag coefiiciente fell in
the renge between the dreg coefficients for models 7 and 8, which
have been shown to be free of harmful waviness, could also be
considered reasonably free of harmful weviness. Any model for which
thﬁ drag coefficients were greester than those of model 7, on the
other hand, were thougnt to aave sufficient waviness to induce
prematurc transition.

A vhotograph of model 11, tane LACA 65,2-115 sirfoil section, is
X A b4 ~/ >
presonted as figure 15, and the drag characteristics of models 3, 6,
r 1 T g r =

1, 80 {4 JACA 66(215)-(1.25)16), 10 {(the WACA 66,2-115), and 11

e
7] s
( the NACA 06 -115) are presented in figure 1€. The waviness
measurements for modsls 5, 6, 9, 10, znd 11 are presented in figure 17.
With the oxception of model 6 all the airfoils for which
are nresented in figure 16 had the semo value of minimum secti
drﬁg cogfficient. Thb ag-scale-effect curve for model 5 s
t for model 7 &t & Reynolds muber of 2% X 106. Figure 17(a)
shows thet model 5 (ad ra uh St l arge waves near the leading edge on
both surfaces. Waves cading edge that _roauce variation
in the waviness index S'm?7C“ to tho veri.tione snown in figure ”(a)
can he considere? roprescntabive of those that would have an adverse
effect on the position of transition,; av least for mayno*au numbers
between 2k X 10% and 32 X 10%. The drzg-scale-effect curves for
models 9 and 10 Tell between those for models T and 3. The wavcs
oxisting on modele 9 and 10 were probzbly not sufficiently large to
cause prematurc transition over the Reynolds number range for which
data were obtained. The waviness data for models 9 and 10 prescnted
in figures 17(b) and 17(c), respectively, givc oxemples of por-
miesible waviness if premature trensition is to be cvoided up to
Reynolds numbersof =t loast 35 X 107 and 20 X 106, reepectively.
e soction drag LOCIi.bl“nt of model 11 (fig. 16) were greater
then those of model 7 =t Reynolds numbers sbove 16 X 10°. Figure 17(d)
shows that waves eXLuting on model 11 produced & ranbar of large
variations in the waviness index. Such waviness mey be ccnsidered as
reprecentative of thet which will ceus: premature trensition, at least
for Rc?ncldq mumbers between 16 X 10© uad 20 X 108. The section dreg
coefTicients of model 6 are extremely hiigh as pﬁ”p red w-tn those of
the other models for which data are pruu,huuu in figure 16. The
extreme waviness of this model as shown in figure l 7(e) presents an
exemple of waviness sufficiently severe to cavse premature transition,
at losst for Reynolds numbers sbove & X 106. It may be noted in
table I thet model & was constructed with spanwise hat-section
stiffeners, the flanges of which were rather heavy with respect to
the airfoil skin. The other models for which data are presented in

deta
on
s above

g
o

(9}
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figure 16 were constructed with chordwise stiffeners. Somewhat
greater difficulty may be experienced in constructing airfoils with
fair contours when spanwise stiffeners that are heavy with respect
to the airfoil skin are used.

Photographs of model 12 (the NACA 23015 (approx.) airfoil
section) and model 13 {the NACA 23016 airfoil seciion' are
presented as figures 18 and 19, respectively. The veriation of
section drag coefficient with Reynolds number for these two models
is presented in figure 20 and the waviness measurements are pre=
sented in figure 21.

The lower drag of the two models was obtained with model 12,
which had a section drag coefficient of 0.0057 at a Reynolds number

of 20 x 10° (fig. 20). A fair and smooth NACA 230-series airfoil
would probably have approximately the same section drag coefficient
as model 12, at least up to Reynolds numbers of approximately

20 x 16°. The waviness existing on model 12 (fig. 21(a)) in the
region where laminar flow might ordinarily be expected, that is,

up to approximately 0.12c¢c on the upper surface and 0.20c on the
lower surface, evidently had no adverse effects on the drag of this
model up to Reynolds numbers of approximately 20 X 10°. Because
the waviness characteristics of models 12 and 13 were similar as
far back from the leading edge as approximately O.LOc (figs. 21(a)
and 21(b)), the waves existing on model 13 in the laminar-flow
region also probably had little effect on the drag characteristics.
The extreme waviness of model 13 behind the 0.40c position was
probably due to the very thin skin of this model (table I). The
skin was known to vibrate considerably during the drag tests. It
1s possible, therefore, that such vibration was responsible for the
fact that model 13 had generally higher drags than model 12.

An example of a model that shows the effect of deviation from
true airfoll contour over a large part of the chord is model 4, for
which drag data are presented in figure 22 and surface unfairness
(deviation from true contour) and pressure-distribution measurements
are presented in figure 23. The effect 7 deviation from contour
(fig. 23(a)) on the pressure distribution was to increase the
velocities over the first 50 percent chord above the theoretical
velocities and to move the minimum pressure point from 0.60c to
approximately 0.50c (fig. 23(b)). A compaerison of the drag charac-
teristics of model 4 with those of model 7 (fig. 22) shows that the
deviations from contour had little effect on the drag of medel 4 at

Reynolds numbers below 26 x 10° but at Reynolds numbers greater than

26 x 10° the drag of model 4 tended to be greater than that of
model 7.
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Comparison of NACA 6- and 230-scries sirfoil section.- In order
to determine whether the relative merits of airfoil sections of
different series are masked by construction defects, the drag
characteristics of several NACA 6- and 230-serieg airfoil sections
have been compared.

Drag deta arc presented in figure 24 for models 2, 8, 12, and 13.
Figure 24(=) shows little difference in the section drag coefficients
of the NACA 66(215)-21L4 (approx.) and 23016 airfoil sectione in the
original conditions, although the drag of the NACA 66(215)-21k (approx.)
airfoil section is much lower than that of the NACA 23016 airfoil
section in the finished condition. Comparison of the drags of the
NACA 66(2x15)-116 and 23015 (approx.) airfoil sections in figure 24(b)
shows appreciable difference in drag of the models in the original
condition but & much greater differcnce in the smooth condition. From
these data the differences in drag associated with smooth NACA 230-
and 6-series airfoil sections, as constructed, appeer to be coneiderably
reduced if not entirely masked.

Comparison of drag of sirplane wing end practical-construction
wing model.- A comparison has been made in figure 25 of the drag
characteristics of a smooth practical-construction wing model having
the NACA 66(215)-214 (approx.) airfoil section and a smooth test panel
of an airplene wing having the NACA 66(215)-2(1k.7) airfoil section.
The airplanc wing panel had been carefully faired to eliminate any
protuberances or waviness due to wing Joints or acccss doors. Both
the airfoile used had NACA 66-series sections with thickness ratios of
approximately 0.1k.

In figure 25 at section lift coefficients below 0.3, the
practicel -construction wing model had lower drag then the airplane
wing penel; whereas,at higher section lift coefficients the reverse
was truc. Since data for the airplane wing were obtained in flight,
it is difficult to determine whether the higher drags associated with
the airplane wing were due to buckling under load at the time that
the date were obtained. It is possible, however, that waviness on
the airplanc wing existed relatively far back on the wing surface,
and the adverse effects of such waviness were noticeable only at the
lower scction 1lift coefficients. Furthermore, similar waviness that
was not large enough to cause premature transition under the favorable
pressure gradient existing at the low section 1lift coefficients might
have existed closer to the leading cdze of the NACA 66(215)-21k4 (approx.)
airfoil section but, under a less favoreble pressure gradient at section
1ift coefficients above 0.3, such waviness might well have resulted
in premature transition.
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Effects of Compressive Ioad and De-Icers
Effect of compre e efiect of deformation, or
waviness, of the wing presenta a further cbstruction
to the realization of th gign drag characieristice of airfoll
gections. For this reason two wing punels, models § and 14,
constructed at the Langley I,.aboz"ntm'y of the WACA (reference 5),
were designed to retain taelir true contour under loads ordinarily
encountered in fligah. Tae drag c‘mr”'te“w ghics of these sections
were meacured hefore be.-n; subjected to compressive load. Com-
pressive loaed was bthen elverately applied and removed, sach
successive load excocding the lagh, until sowme feiluvre of the wing
was detected. Wita bobiy wings, local slippageu of the rivet heads
or crusiing of the slia arocund the rivets, comprised the sole
permanont deformation of the mejels. The drog charsclteristics of
the medels wer@ then determined agsin. For a third eirfoil model 9
model 15, which was constructed by a munufaciurcr, the drag was
measured while compresslve load wes being applied.

Photographe of model 1L {the A 66(215)-(1.25)16 airfoil
soction) and model 15 {+the IIACA 6;\9J.u) :‘..L‘,‘ (approx.)airfoil
section) are prescnted os figures 25 and 27, rcspectively. The
drag characteristics of models 9, 14, and 15 erc progcnied in
figure 28. With Wie oxception of the stiffenor spscing boitween
gpars, models 9 and 14 were identical (table I). These models were
unpainted but were glazed locally at the front spar end over the
rivet hozds. Insncction of figarce 29(a) end 23(b) shows that the
drag coefficients for tiesc Lwo models at Reynclds numbers above
20 X 10® were somowhat lowor for tho efter-loading condition than
for the before-loading coni“o;f:-n. When the model surfaces were
cleaned and refinished after being stbjected to the corpressive
loads, the models werce prob:.bl" e smoothor thon for the asro-
dynamic- tegts conducted bofore mprogeive loeds were epplied.
The .)lic,;u protubsrances of the ri

C CC

ivet headc caused by the coumpressive
locds, nowever, were not removed by ths finishing process. On the
bagis of those two tests, the type of comstruction employed appeared
sufficiently good to allcw 1~ec‘.3_i7a1",icwn of the section drag coefficients
usuclly acsoclated with NACA G6-series alrfoil sections at Reynolds
numbers up to spproximaiely 30 X 10%. 8Ty addition, model 9, with
stiffeners spaced 5 4»nc: hes on centers zppearsed to offer no particular

L

aerodynanic adventege over model 1k, wfm ot ifener gpaced 6 inches
on centers; and the udvcrse effects of omproisive loads sppeared
to be g0 =smell that these sffects were ‘.Vm“_m‘m: mesked by glight
improvements in surface finish.

Model 15, designed for the wing of a fighter bomber, was
gubJected to compressive loads up to a load that was thought to
corregpond to & load of 1.5g for the airplene. These locads were
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applied by @ hydraulic Jack mounted within the wing, which was
fixed in the tunnel. Figure 23(c) shows that with the model under
a loed sufficisnt to produce clight waviness (1.0g) little or no
effect on the drag was found, but that with the model under a

load great enough to produce some permanent deformation of the
skin (1.5g) weves existed that were serious enough to bring aboutb
a sharp incresse in drag at a Reynolds number of 20 X 106,

For the cases just considered, slight permenent set in the skin
or rivets of the wings causged by co pregsive loads had little or no
effect on the drag characteristics. Whils tlie wing was experiencing
load sufficient to producc such deformation, however, the drag
characteristics were adversely affected to a coneiderable extent.

Effects of de-iccrg.- Data are presented in figure 29 for two
airfoil models eguivped with lending-edge de-icer boots. These boots
consisted of rubber sheete attached to the wing surface and were
tepered to a fine edge on the upper end lower surfaces of the air-
foll at the point where they faired ianto the wing contour.

A 0.075c de-icer boot on the leading edge of model 15 { the
NACA 65(216)-215 (approx.)sirfoil section) causcd a section- drag
coefficient increment amounting to 0.002% or 0.0030 (f1g. 29(a)),
whereas a Similar 0.15¢c de-icer boot caused incrsments of approximately
0.004%0. A 0.10c¢ de-icer boot on model 12 (the NACA 23015 (epprox.)
airfoil ssction) cavsed section-drag-coefficient increments of =pproxi-
mately 0.0020 (fig. 29(b)). The total section drag coefficients of

the NACA O-series with the 0.075c de-icer boot and the NWCA 23015 air-
foil with the 0.10c airfoil de-icer boot were approximately 0.0070 at
Reynolds numbers between 10 X 108 and 32 X 106, whereas the drag of
the NACA 6-series airfoil with the 0.15¢ de-icer boot was somewhet
greater, at least at Reynolds numbers up to 10 X 10%. It would appear,
then, that not only src the drags of airfoil sections increase
congidexrably by the addition of loading-edge de-icer boots but that
the diffecrences in drag usually asoocisted with airfoil sections of
different series sre masked, at least for thickness ratios of approxi-
mately 15 percent.

CONCLUSIONS

Trom the enalysis of the drag charecteristics of practicel-
construction wings, quantitative data were obtained that indicated
the asizc, number, and locations of surface waves sufficient to induce
premature transition at Q,yxoldS'nnﬁburs groater than 9 X 108, st
Reynolds numbers greater than 16 X 10%, at Reynolds numbors grnater
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than 2k X 108, end for weves 1rat did not bring -bout premmture
tra nsltlon, at least for Deynolds nuwiberis wp Lo approx..macaly
50 X 10%. In additlion, the following concltsions wers obtained:

1. Vhen spar jointg or similar suvlace :17‘ scontinuities occurred
in a region of normally laminur flow, the sect .LO"I dreg coefficients
of socveral practicel-construction wings in the "as-reccived"
condition renged from 00,0060 to 0.0086., Improveuwent in surface
suwoothness and decrezss of purfsce waviness at the epar joint often
decreased the secticn dimg coufiicients by en amount ranging from
0.0022 %o 0.0035, depsndin: upon the magnitude of surface rowness
sndé wavinesg 1in the =28-received condition. Tn soms czses noearly
half the decresase in drag ccerfflcient was asgocisted with decreases
in surface waviness.

2. -Smooth pr: ,ct.c,—:..:-cm Y #13] ‘ui\ n, nodcsles with relatively heavy

. gkin and with the spur - joint plased &t or behind the most resxward

| pogition at which laminar £low !ul.,f,.ult be sxpected yisléed drag coef-
Yicients that closely sprroached thoge of o falr and smooth airfoil

section.
3. It was possible to calculetc with reascnable accuracy the
| variation of section-drag coellicient ».i_t,.u Io*mo-w number, at
} lecst betw cun msyncldq nvabers of 30 X 10% and 50 X 108, for iwo -
gmooth NACL €-serics eirfoil models on which the sv..r:fz‘&.ce Waviness
had been reduvced beyond the polint where sn effcct was noticeable on
drag. It wag assumed for the calculutiong that transition occurred
&t a valve of the Reymolds nunber based cn tho boundery- l».uv"r th.Lcr:-
ness - Ry bc‘tx-*c;n 8000 and 9000, if transibion ¢id not occur as &
result of an unfovorable pressvre grediont. Some existing f.ught
moasurements of boundsry-layer trensivion et moderately high Reynolds
numbors indicated that this range of valucz of Ry weas within that
found in fligat.
L. Tho improvement in suriaco S*‘ICO";E‘-':‘ cgs end waviness brought
ebout by glazing, ta*nt.m:", gnd minor rofalring wvas in most cases
wings to values closcly “*“D..“O'%C""l"Ll"'"' those for e feir and smooth air-
foil model of correeponding soction, at lsoust 2t Reynolds numbsrs up
to approximately 20 X 106.
. The differences in drag usually associated with airfoil
sectlons cf difforent scries, if not entircly masked, were congider-
ably rcduced by construction ivregulariticc. 1
6. 8Blight pe nent 8e the wing okin or rivets czuscd by

sufficiont to reducc the dregs of u.’mxsm d practicel~-construction
t of
couprossive londs produccd littlc or no adversc e¢ifect on tho drag
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characteristics of two wing sections designed to retain true contours
under loads usually encountered in flight. While the wing was
experiencing load sufficient to produce such deformation, however,
the drag of the wing was considerebly higher than the drag of the
unloaded wing.

7. Airfoil sections having thickness ratios of approximately
15 percent and eguipped with de-icer boots on the leading edge had
section‘drag coefficients of’approximate&y 0.0070 over a range of
Reynolds number from 10 x 10 to 32 x 10, This value of the section
drag coefficient, furthermore, scemed to be independent of the air-
foil section upon which the boot was mounted.

Langley Memorial Aercnautical Laboratory
National Advisory Committee for Aeronautics
Lengley Field, Va., July 11, 1946
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TABLE I.- MOIEL DATA AND DESCRIPTIONS

'ON NI VOVN

1611

Modelr NACA Manufacturer | Chord Condi tion Figure Photograph Model description
sirfoll section (in.) :
1 65(216)-3(16.5) A 100 Bare metal 2 Spars at 0.12c, 0.45c, and 0.7lc. Chordwise
(approx.) Original, camou~- 8(a) [-stringers and spanwise / -stringers on upper
flage peinted surface; chordwise [ -stringers on lower surface.
Sanded 8(a) [ -stringers 0.088 inch thick on upper surface
Glazed to 0.12c 8(a) and 0.048 inch thick on lower surface.
Upper surface glazed | Z -stringers 0.107 inch thick. Sidn of
behind 0.12¢ 8(a) 0.094%-1inch thickness fastened to spars with
Lower surface glazed Phillips head screws. Countersunk rivets.
to 0.12¢ -
Upper surface painted
to 0.7lc 8(a)
Lower surface painted
to 0.12¢c
Both suwrfeces painted 8(a)
to 0.71c
2 66(215)-21k B 81 Bare metal 8(v), 24(a) 3 Spars at 0.35c and 0.70c. Metal skin fastened
(approx) Glazed and painted 8(b with flush-type rivets.
Refaired 8(b), 24(a),
25
3 66(215)=-116 ¢} 8%.9 Original, bare 8(c) L Single spar at 0.32c. All-metal skin.
metal
Glazed to 0.32¢ 8(c)
. Painted to 0.32c 8(c)
Glazed and painted 8(c)
behind 0.32¢c
Painted a2ll over 8(c)
Painted and partly 8(c)
refaired
4 66(215)-116 D 85 Original, peinted 8(a) Single spar just behind 7.60c. Skin of 0.125-inch
(a=l.0,'ﬁ,=0-2, | with zinc- thickness forwerd of spar stiffened on each sur-
1a=0.6, c; =-0.1 chramate primer face with one chordwise flush-riveted etiffener.
i Painted 8(a) 5 Riveted jJoint at leading edge.
Glazed 8(a), 22, 23
5 D 85 Original, peinted 8(e), 16, 6 Same a8 model L.
with zinc- 17(a) ;
chramate primer
Peinted and glazed 8(e)
¢ 66(215)-116 c 100 Original, covered 8(f) Spers at 0.15¢c end 0.45c. One ,J-stiffener at
with fabric 0.04c of 0.C68-inch thiclkness. Spenwise
suxfacer “L-stiffeners 0,047 inch thick spaced 0.05c on
Sanded 8(¢) centers between spars. Skin 0. 05 inch thick up
i Bare metal 8(f to 0.45c. Ribe from rear spar to treiling edge.
i Glazed to 0.15¢ 8(f), 16,
17(e)
Glazed to 0.45¢c 8(z) %

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE I.- MODEL DATA AND IESCRIPTIONS - Concluded

Model NACA Manufacturer | Chord Condition Figure Photograph Model description
airfoll section (4n.)
T 66(215)-]_11+ (¢} 85 As received, bare 10, 11 9 Sparg at 0.081c, 0.373c, 0.688c. Behind front spar
metal surfaces skin was 0.675 inch thick, built up of 0.5-inch
Both surfaces 10, 11, 165 belsa sandwiched between durelumin sheets. Skin
faired 22 cycle-welded to intermal structure. Part of
the airfoil ahead of the front spar formed of
0,125-inch duralumin sheet.
8 66(2x15)-116 E 99.2 Camouflage 13, 14, 16 12 Chordwise seam to 0.8c. Chordwise row of rivets
painted from leading edge to trailing edge. Spar at
Original, bare 24(b) 0.35c with forward part fastened by counter-
netal sunk Phillips head screvs.
Glazed to 0.Tc 24(b)
Faired 13, 1k
9 66(215)-(1.25)16 F T2 Glazed 16, 17(v), - Spars at 0.15c and 0.72c. Solid end ribs, false
28(a) nose and tall ribs spaced at 6-inch intervals.
Chordwise hat-section stiffeners speced at
3=inch intervals between spars.
10 66,2-115 G 80 Camouflage 16, 17(c) - Spars at 0.125c and 0.585c. Skin 0.067 inch thick.
painted ' Chordwise stiffeners between spars with false
nose and tail ribs. Spot-welded construction.
11 66,2-115 G 80 Camouflage 16, 17(a) 15 Same as model 10 except flush-riveted construction.
painted
12 23015 (approx.) H 100 Camouflage 20, 21(a), 18 Spars at 0.105¢ and 0.605c. Skin 0.066 inch thick.
painted 2l(b), 29(b) Spenwise | -stiffeners ahead of front sper
Original, bare 24(b) 0.056 inch thick. Metal skin fastened to
metal interior structure by countersunk flush rivets.
0.,10¢c de-icer 29(b)
13 23016 G 100 Cemouflage 20, 21(b), 19 Single epar at 0.3c. Skin of 0.047-inch thiclmess
painted 2li(a) forward of spar and 0.015-inch-thick skin behind
Original, 2li(a) spar. Spanwise , |-stiffeners ahead of spar
peinted with 0.052 inch thick., Flush-riveted.
zinc-chromate
primer
1k 66(215)-(1.25)16 F T2 Glazed 28(b) 26 Seme as model 9 except chordwise stiffeners
spaced 6 inches on centers.
15 65(216)-215 J 97.3 Glazed 28(c), 29(a) 27 Spars at 0.215c end 0.615c. Skin approximately
(approx.) 0.075¢ de-icer 29(a) 0.0625 inch thick. Chordwise hat-section
0.15¢ de-icer 29(a) stiffeners spaced approximetely € inches on

centers between spars.

NATIONAL ADVISORY
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Figure 2.- Model of NACA 66(216)-3(16.5) (approx.) practical-construction

airfoil section with bare-metal surfaces.

Model 1.
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Side bottom view.

Model of NACA 66(215)-214
foil section with unpainted surfaces.

Figure 3.- (approx.) practical-construction air-

Model 2.
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LMAL 28028

Figure 4.- Model of NACA 66(215)-116 practical-construction airfoil section
with local surface defects glazed. Model 3.
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(a) Upper-surface templet.
a = l'O; cll =02
a == 006} Cli = —O.l

Figure 5.- Model of NACA 66(215)-116 {

practical-construction airfoil section. Model 4.
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(a) Nose templet, model erect.

.O, CZ' = 0.2
6 4 -0.1

practical-construction airfoil section with surfaces
painted with zinc-chromate primer. Model 5.

a
Figure 6.- Model of NACA 66(215)—116{§
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Fig. 6b

NACA TN No. 1151

*papnyouo) -°9 8andTty

*pajasAuT Tepow ‘qaT7dwsl 8soN (q)

L€89¢  IYWM
oy







NACA LMAL
40809

Figure 7.- Model of NACA 66(215)-116 practical-construction airfoil section
with surfaces glazed and smooth to rear spar. Model 6.
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(a) Model 1, NACA 65(216)-3(16.5) (approx.) airfoil section.

Original, camouflage painted

Surface condition

Lightly sanded

Both surfaces

Upper
% Lower
A Upper
Lower

¥ Both surfaces

glazed to 0.l2c

surface glazed behind 0.l2c

surface glazed to 0.l2c

surface painted to 0.7lc
surface painted to 0.l2c

painted to 0.7lc
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Reynolds number, R

Figure 8.- Effect of surface improvements on drag characteristics of airfoil sectlons.

tests, TDT 311 and 32}.
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Section drag coefficient, cg
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Surface condltlon test
© Originel, unpainted 253
4+ Glazed and painted 26l
¢® Refaired LL8
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Reynolds number, R
(b) Model 2, NACA 66(215)-21l (approx.) airfoil section. c¢; = 0.13.

Figure 8.- Continued.
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Figure 8.- Continued.
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(c) Model 3, NACA 66(215)-116 airfolil section. c¢; = 0.18.
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Figure 8.-
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Continued.
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Section drag coefficlient, c
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a =1.0, ¢y, = 0.2
(e) Model 5, NACA 66(215)-116 a = 0.6, o1y = -0.1 airfoil section. c; = 0.1,

Figure 8.~ Continued.
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(f) Model 6, NACA 66(215)-116 practical-construction airfoil section. ¢ = 0.15 (approx.).
Figure 8.- Concluded.
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Figure 9.-

Three-quarter front view of upper surface of NACA 66(215)-114
airfoil section in "as-received" condition. Model 7.
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Figure 10.- Experimental and calculated section drag characteristics for
NACA 66(215)-llh practical-construction airfoil section. ¢ = 0.1

(approx.). Model T.
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(b) Lower surface.

Figure 11.- Waviness characteristics of NACA 66(215)-11h practical-construction airfoil section in as-received condition and

in faired condition. Model 7.

q‘er1 "3ta

TGTIT 'ON NI VOVN




TGTT 'ON NI VOVN

NAC A
LMAL20896

Figure 12.- Model of NACA 66(2x15)-116 practical-construction airfoil
section with camouflage-painted surfaces. Model 8.
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Figure 13.- Comparison of ex
NACA 66(2x15)=-116 practica

Reynolds number, R

perimental and calculated drag-scale-effect curves for
l-construction airfoil section.

c; = 0.1. Model 8.
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Figure 1l.-

(b) Lower surface.

Distance along surface, s/c

Waviness characteristics of NACA 66(2x15)-116 practical-construction airfoil section before and after fairing
process. Model 8.
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Figure 15.- Model of NACA 66,2-115 practical-construction airfoil section
with camouflage-painted surfaces. Model 11. (Model 10 has similar
internal structure.)
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Figure 16.- Drag characteristics of some smooth NACA 6-series practical-construction airfoil sections.
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Figure 17.- Waviness characteristics of some smooth NACA 6-series practical-construction airfoil
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sections.
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(b) Surface waviness of NACA 66(215)-(1.25)16 practical-construction airfoil section.
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Flgure 17.- Continued.
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Figure 17.- Concluded.
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Figure 18.- Model of NACA 23015

(approx.)

practical-construction airfoil

section with camouflage-painted surfaces. Model 12.

TGTT 'ON NI VOVN

8T "31g






TGTT 'ON N.IL VOVN

NACA

LmaL 379180 4

Figure 19.- Model of NACA 23016 practical-construction airfoil section with
camouflage-painted surfaces. Model 13.
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Figure 20.- Drag characteristics of some smooth 230-series practical-construction

airfoil sections with some surface waviness.
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Figure 21.- Waviness characteristics of some smooth NACA 230-series practical-construction airfoil sections.
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Figure 22.- Drag of NACA 66(215)-116 {; = 0.6, oy4 = =O. practical-

construction airfoil sectign, surfaces palnted and

azed, compared

with drag of faired NACA 6 (215)-llh practical-construction airfolil
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Figure 2lj.- Comparison of drag charucteristics of some 230- and b-series airfoils.
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Figure 24.- Concluded.
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Figure 26.- Model of NACA 66(216)-(1.25)16 practical-construction airfoil

(a) Front top view.
section. Model 14.
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(b) View of model being subjected to compressive
load in 1,200,000-pound testing machine.

Figure 26.-Concluded.
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Figure

(a) Front top view.

27 .- Model of NACA 65(216)-215 (approx.) practical-
construction airfoil section. Model 15.
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(a) NACA 66(215)-(1.25)16 airfoil section with chordwise hat-section stiffeners spaced
3 inches on centers. c¢i = 0.l. Model 9.

Figure 28.- Effect of compressive load on drag characteristics of airfoils.
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(b) NACA 66(215)-(1.25)16 airfoll section with chordwise hat-section stiffeners
spaced 6 inches on centers. c; = 0.16. Model 1k.

Pigure 28.- Continued.
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Figure 28.- Concluded.
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(a) 0.075¢ and 0.15¢ de-icer boots on NACA 65(216)-215 (approx.) airfoil section.
Figure 29.- Effect of de-icer boots on drag characteristics of airfoil sections.
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(b) 0.10c de-icer boot on NACA 23015 (approx.) airfoil section.
Figure 29.- Concluded.
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