MR May 1941

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
1941 as

Memorandum Report
A FLIGHT INVESTIGATION OF THE BOUNDARY-LAYER
CHARACTERISTICS AND PROFILE DRAG OF THE
NACA 35-215 LAMINAR-FLOW AIRFOIL AT
HIGH REYNOLDS NUMBERS
By J. W. Wetmore, J. A. Zalovcik, and Robert C. Platt

l Langley Memorial Aeronautical Laboratory
Langley Field, Va.

!: -’:—1, ¥
ey iU ‘]‘ 5 ¥ 3
R A 4 B f' ) A ﬁi

S e...

;:,’.‘ Mg ’”p\

WSTIVE F Techg
™ ACA

WASHINGTON

Pas—

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of t HM reports were not tech-

nically edited. All have been reproduced without change in -;rje? to expedite general distribution.

L = 532



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDTM REPORT

for the
Army Alr Corps
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CHARACTERISTICS AND FROFILE DRAG OF THE
NACA 35-215 IAMINAR-FLOW AIRFOIL AT
HIGH REYNOLDS NUMBERS
By J. W. Wetmore, J. A. Zalovcik, and Robert C, Platt

SUMMARY

Tests have been conducted in flight to determine the
boundary-layer characteristics and the profille drag of the
NACA 35-215 airfoil section at high Reynolds numbers, These
testy were made on a test panel of 17-foot chord mounted on
the left wing of a Douglas B-18 airplane just outside of the
propeller glipstream. Tests were made to determine the tran—
sition points and the boundary-layer velocity profiles for
various surface and power conditions over a range of airplane
1ift coefficients from 0.20 to 0.6 for which the rangs of
corresponding Reynolds numbers wag 30,000,000 to 20,000,000.
The profile-~-drag coefticient of the panel was determined for
the best surface condition both with power on and with the
engines and propellers ptopped over a range of airplane 1ift
coefficients from 0.21 to 0,32 with a Reynolds number range
of 32,000,000 to 16,000,000, In addition, the profile drag
of the upper surface alone was determined for the same power
and surface condition and over approximately the same range
of alrplane 1ift coefficients and Reynolds numbers.

With the best surface condition and the left engine
stopped, the laminer boundary layer was maintained to 42.4 per-
cent of the chord on the upper surface at a lift coefficient of
0.220 and a Reynolds number of 26,700,000, The results of the
transition tests indicated a reduction of about 3 percent of
the chord in the laminar--flow run over the upper surface due
to operation of the engines and propellers. As a result of
reducing the indicated amplitude of the transverse waves on
the upper surface from 0.005 to 0,001 inch, the transition
point moved back from about 32.5 to about 42.5 pércent of the
chord. '




The velocity surveys in the laminsr boundary layer indicated
that values of boundary-layer Reynolds number RB (vased on the
distance above the surface at which the dynamic pressure in the
boundary leyer is one-half that just outside the boundary layer)
exceeding €000 are attainadble in flight on suitably designed and
carefully finished sirfoils.

The profile-drag ccefficient of the test panel with engines
stopped was found to remain substantizlly constant at a value
of about 0.00h3 for flight conditions ranging from an airplane
1ift coefficient of 0.21 and a corresnonding Reynolds nuuter of
about 30,000,000 to a lift coefficient of 0.32 and a Reynolds
number of 24,000,000, Over the same range of conditions the
profile—drag coefficient of the vpper surface alone varied from
about 0.0022 at the lowest 1ift coefficient tested to 0.0028 at
the highest 1lift coefficient. With both englnes operating at
full throttle the drag cosfficient due to both surfaces and that
due to the upper surface alone were both increased on the order
of 8 to 10 percent.

The results of the tests indicate the desirability for
continued flight research on airfoils at large scale to supple—
ment the development work of the tunnels,

INTRODUCTION

During the earlier stages of the Committee's work on the
development of laminar—flow airfoils (reference 1), 1t was
found that by suitably designing the orofile of an airfoil a
favoreble or accelsrating prossure gradiient could be maintained
over ag much as 80 percent of the chord back of the leading edge.
Tests of gome of these airfoils in the wind tunnels and in flight
showed that within the lower flight range of Reynolds numbers
the laminar boundery layer extended as far back as 30 percent
of the chord from the leading edge, with the result that the
profile drag was extremely low.

In the higher Reynolds number rangesg, say, above 20,000,000,
it was expected thaht other methods might be required to ohtain
the desired extensive laminar boundary layers and resulting
extremely low drags. The present investigation was undertaken
with the object of investigating methods of prolonging the
laminar flow st high Reynolds numbers and to glve data for
comparison with wind—tunnel data, Consequently, a suitable wing
was chosen with these objects in view rather than with this
obJect of choosing an optimum section for any particular
practical application.
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This report represents results of the tests of the nlain
airfoil, These teste covered a ranse of Reynolds numbers
between 20,000,000 and 30,000,000 and included variations in
power condition and surface condition. An investigation of
the effect of section slotsg for boundary-layer control will
be covered in a subsequent report.

The tests were made with a B-18 airplane which was made
avallable for this project by the Army Air Corps.

APPARATUS

The Douglas B-18 airplane is a bimotored, fully canmtilever,
midwing monoplane with a wing srea of 958.6 square feet and a
design gross weight of 23,200 pounds, It is powered with Wright
Cyclone R-1820-45 engines (810 horsepowsr at 2100 rpm and
8700 feet) fitted with 3-blade propellers having e diameter of
11 feet 6 inches. Hamilton Standard, hydraulically controlled,
constant—speed propellers are normally used on this airplane,
but for most of the present tests, they were replaced by Curtiss
electrically controlled full-feathering propellers in order that
the ongines could be stopped during flight. The weight of the
airplane as flown was approximately 22,000 pounds.

A test panel having the NACA 35-215 airfoil section (table I)
was mounted on the left wing of the airplane, The chord of the
panel was 17 feet and the span was 10 feet at the leading edge,
tapering to 5 feet at the trailing edge. It was constructed of
laminated white pine in the form of a hollow shell with walls
about 2 inches thick; the outside profile was accurately shaped
to templet size. The surfaces were sprayed with several coats
of lacquer base filler and rubbed down with various grades of
water cloth, the final finish being obtained with a No. 40O
water cloth., The panel was supported on the wing by rubber pads
running along the top and bottom of the wing spars and was secured
in place by means of steel straps. The position of the panel was
such that the inboard end of the leading edge was about 1 foot
outboard of the propeller disk, the leading and trailiing edges
were normal to the plane of symmetry of the airplane, and the
plane of chord lines coincided approximately with the plane of
chord lines of the wing. The panel was faired into the wing by
means of fabric stretched taut over a wooden framework. The
weight of the panel and fairing was 1394 pounds; satisfactory
lateral belance for all conditions of flight was obtained by
removing all fuel from the left—wing tanks and adding 350 pounds
of ballast in the right wing tip. Figure 1 is a photograph of
the test panel mounted on the wing; its dimensions and locstion
are shown in figure 2.
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The upper snrince of the panel was refinlshed several .
times during the courge of the tests so that varlous surface
conditions are repregented in the results, An index of the
surface waviness, 1. e., the magnitude or the transverse waves,
was obtained by measuring the curvature veriation slong the
surface by meens of the device shown in figure 3, Finlshing
the lower esurface wos found to he very difficult so that no
attempt was mede to refinish 1¢ and no waviness measurements
were made on it. The condition of the lower surface through—
out the investigetion ie believed to have been sbout the same
ag the initlal condition of the upper surface.

Free~gtream static and total pressures were meesured by
means of gtatic— and total-pressure tubes which were celibrated
with a staltic head suspended below the airplane.

The characterlstics of the boundary layer were determined
by means elther of S—tube or 2-tube racks, The S--tube racks
were each composed of & sgtatic-pressure tube and four totel— -
pressure tubes arranged to measure the static preasure Just
outside the boundary layeir ¢nd the totel prescure close to
the surface and at various dlgtances above the surface wlthin
the boundary layer; they were used to determine the velocity
profile of the boundary layer. In cases where it was desired
to determine only the point at which transition cccurred the
2~tube racks, each consgigting o’ a static tube located Just
outside the boundery layer and a total-pressure tube located
close to the surface, were used.

Wake-pressure surveys for the determination of preofile
drag wers eccomplished by means of a bank of 25 total-preessure
and 6 static-pressure tubes located 12 percent of the chord
back of the trelliing edge on the panel center line and extending
through the-sentire weke. The total-pressure tubes were gpaced
0.60 inch azpart. A bank of tubes consisting of 21 total-pressure
tubes, spaced 0.25 inch apart, and 3 static~pressure tubes,
mounted at the center of the tralling edge and externding cnly
through the upper surface wake was used for the determination
of the profile dreg of the upper surface alone.

All pressures were measured by means of a multiple—tube
alcohol manometer and were recorded photogrephically.




Boundary—layer measuremesnts were mede on the upper surface
of the test penel over a renge of airplane lift coefficlients
from about 0.20 to 0.45; the range of corresponding Reynolds
numhers wae frcem ebout 20,000,000 to 20,000,000, Several
conditlons of the panel surface, as indicated in figure 4, and
various power conditions were investigated. The power conditions
ccvered were as follows: both engines full throttle; toth
engines idling; left engine stopped, right englne full throttle;
right engine stopped, left engine full throttle; both englnes
gtopped. Only a fow teehs were made on the lower surface of
the panel becausge of itg inferior condition.

The profile drag due to both surfaces and that due to the
upper surface alone was dstermined with the penel surfaceg in
the final condition end for two power conditions: both engines
at full throttle and both engines stopped. Thke profile-—drag
measurements coversd a range of airplane 1lift coefficients from
0.21 to 0,32 with a rangs of corresponding Reynolds numbers
from 32,000,000 to 24,000,000,

Inasmuch as it was necegsary to dlve the airplane in order
to attain the low lift coefficlents desired, the relstive lag
of the various pressure tubes and lines was determined by
special tests and the results were corrected eccordingly.

RESULTS

Regults of the investigation are presented in figures 5 to 10
and in tables II to V. In figure 5 the distributions of pressure
coefficlent, S, (S=q/q,), over the forward parts of the surfaces
are shown. All experimental points in figure 5 are for positlons
along the center line of the upper and lower gurfaces of the tost
panel and were determined by means of the boundary-lasyer racks.,
Trensition results are presented in tables II and IITI for four
gurface conditions as shown 1n figure 4, and for various engine
and propeller conditions. The ranges of 1ift coefficient and
Reynolds number covered in each test run are included in addition
to the particular 1lift coefficients and Reynolds numbers at which
transition occurred. The method of determining the conditions
for transition is indicated in figure 6. In figures 7 and 8 the
velocity distributions in the laminar-boundary layer are shown
for various chordwlse and lateral poeitions on the upper and




lower surfaces as plots of u/U againagt %ﬂ[ii where u 1s

he velocity within the boundary layer, U i1s the velocity
Just outside the bourdary layer, y 1is the discance trom the
surface at which u 18 measured, ¢ is the panel chord, and
R 1is the Reynoldse number in tevyms of the panel chord and the
Pree—~stream velocity; this method of plotting elimingtea the
effect of variations in Reynolds nuuwber., Vaiues of Ry, the
boundary~layer Reynolds number in terms of U and of the value
of y at which w/U = 0,707, are listed in table IV for
variouvs conditions under which transition to turbuleant flow
wag probably imminent. The profile--drag coeffilcients for both
surfaces and for the upper surface alone are given in figures 9
and 10, regpectively, and in table V,

DISCUSSTION

The pressurs dilgtribution over the forward 53 percent of the
chord on the upper surfece and over 40 percent of the chcrd on
the lower surface wag determined from the static-pressure measure—
ments obtained with the boundary--layer racks. Inasmuch as the
section 1ift coefficients c; could not be eveluated without
pressure—distribution data over the entire panel chord, the
results of the investlgstion are precented in relation to the
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airplane lift coefficient Cy. A spanwise varlation in the

surface preseures indicated that the section 1ift coefficient
varied on the order of 4 or 5 percent over the range of spanwise
positions covered in the tests, being highest inboard and lowest
outboerd of the pansl center line, The section lift coefficient
at the center of the test panel is estimated to be about 0.90 of
the alrplane 1lift coefficient.

Ths experimental pressure distridution shown in figure 5
wae obtalned at an ailrplane 1lift coefficlent of 0,238 so that
the section 1ift coefficisnt was probably about 0.22 as corpared
to the value of 0.20 at which ths alrfoil 1s designed to operate.
This small difference in lift coefficient would probably not
materially affect the shapee of the curveg. The minimum pressure
on the upper surface is shown to occur at about 45 percent of
the chord.

The transition condltions summarized in tables IT and ITI
are dsTined as the conditions at which, for a given chord:isige
positioa, a slight depercture from the glven 1ift coefflciont-
Reynolds number comvinagtion would cauge traersitlion from laminar




to turbulent fiow, The transition was generally well defined by
en cbrupt riee in the velccity close to the swface as illustrated
in figure 6.

Comparison of the transition resvlte for the various con-
ditions tegted i1s rather uncertain In some cases owing to the
fact that there is no fixed relation between airpiane  lift
coefficient and Reynolds number; 1. e., for a quantitative
evaluation of the effect, for example, of the power or surface
condition on the extent of the laminar-boundary layer; com—
parison should be mede at the seme 1ift coefficient snd at
the same Reynclds number. There are, however, several con-
clusiong indicated by the results. With the best surface
condition tested (condition D, fiz. ) and with the left engine
stopped the laminar boundary layer was meintalned to 42.L percent
of the chord on the upper surface. Ag shown in table IT, tran-
gition was observed at this station at several different combi- -
nations of C; end R owing to the unavoildable variation in
the velation of R to Cy betwsen different test runs. At
an airplans 1ift coefficient of 0.220 which most nearly approaches
the design 1ift cosfficiert of the panel (¢, = 0.20), the
Reynolds number for trensition et 12.h4 percent of the chord
was 26.7 millions. The transition point on the lower surface
wvas not determined for exactly the foregoling conditions but,
a8 shovn in table III, at a 117t coefficient of 0.247 and a
Reynolds number of 26.8 millions transition cccurred at 28.4
percent of the chord so that for C; = 0.220, representing a
more unfavorable condition for the lower surface, the extent of
the laminary layer would be somewhat less than 28.L percent of
the chord. This result 1s an indication of the degree of
inferiority of the lower surface condition as compared to that
of the best upper surface condition.

The inflvence of surface condition on the position of
transition is shown mors divectly by comparison between the
trangition results cobtained with the different upper surface
conditions. With condition A, for which the indicated ampli-
tude of the traunsverse surface waviness was a8 much ag 0.005
inch, and with the lei't engine stopped, transition occurred
at 32.5 percent of the chord and 2! inches outboard of the
panel center line at an airplane 1lift coefficient of 0.247 and
& Reynolds number of 26.4 millions. For surface condition D,
with an indicatod waviness amplitude of 0.001 inch, and the
game power condition the transition occurred at 42.% percent
of the chord at the same Reynolds number and a more unfavorable
11ft coefficient of 0.256. The result of the improvement in the
uppaer surface condition was therefore an increase in the extent




of the laminer boundary layer of at leest 10 percent of the
chord. The effects of the Intermediats surrace conditlons ere
not definitely indlcated by the results.

Operation of the cngines and propellers had an adverse
effect on the extent of the laminar lagyer. Couparison of the
results obtained with both enginss operating at full throttle
with those obtalned with both engines stopped indicates &
reduction in the laminar-flow run of about 3 percent of the
chord..

In figures 7 and 8 boundary—layer velocity distributions,
determined for several coditiong from the teste, esre compared
with the theoreticsl Biasgiuvs flap-plate distributions. In
general, the experimental points coform to the theoretical
prcfile shape within the probable liwite of accuracy of the
measurements. The effect of the favorable pressure gradient,
which is maintained over the forward 45 percent of the
35-215 airfoll section, 18 evidenced in Iigure 7 by the values
of equivalent flat--plate length, corresponding to the Blasius
profiles, which are generally less than the ectual distance
along the surface from the stagnation point.

The values of Ry derived from the measured velocity
distributions in the laminer boundary layer and listed in
table IV renge from about 7500 to 9C00. Although individual
values may not be entirely reliable, the results, in general,
are sufficiently consistent to permit the conclusion that
values of Ry of at least 8000 are atteinsble before tran—
gition occurs in flight on suitably designed and carefully
finished airfolls. The value 8000 represents a considernble
increase over the highest values obtained in the original
NACA low=turbulence tunnel on lauwinar—flow airfoils similar
to the 35-~215 gection: this comparison indicates that even
with extremely low turbulence in the tumnel air stream,
boundary~layer and profile—drag measurements may be subject
to congiderable revision when applied to fiight conditions.
It is pointed out that while the value Ry = 8000 may not
be the ultimete attainable, thie value hag been attained and
therefore may be used as a guide in estimating what may Dve
expected in the oxtent of the leniner boundary layer and
hence in profile drag for airfoills having pressure—-distribution
characteristics generally similar to those of the 35-215 airfoll.

The profile-drag coefficient of the panel was determined
from the full-weke gurveys in asccordence with the momentum
method as developed by Jones. (See reference 3.) For the




power-off condition the coefficient 1g substentially constant
over the range of lift cnefficient and Reyholds nurber invegtl-
getod and has e value of sbout 0,008, With power on the value
is increased to about 0.0052 or & percent.

In view of the inferior condition of the lower gurface of
the panel the profile-drag measuremenve on the upper surface
alone are consldersd as move necrly represontative of the capa—:
bilities of the ailrfoill. The dreg coefficlents wore evaluated .
from the half-wake surveys by the method of Sguire aad Young.
{See reference 4.) As showa in figure 10, for the power-ofi
condition the coefficient increnged from about 0.0022 et en
airplane 1lift coefficlent of 0.22 and a Reynolds number of -
29,000,000 to 0.0028 at a 1ift coefficient of 0.32 and a
Reynolds number of 24,000,000. It is reasonsble to agsume that
for equally good surface conditions the drag due to the lower
surface would be less than that of the upper surface so that
the minimum drag coefficient of the alrfoil would be somewhat
less than 0.004l4, The adverse effect on the drag ccerficient

.due to engine and propellsr operation is substantiated by the

powar-on results which show an increase in drag coefficlent
of about 10 percent over the powser-off values.

In reference 4, in addition to the method of determining
nrofile drag from wake surveys, there 1s developed a method
of predicting the drag from a knowledge of the location of
the transition point, the laminar boundary—layer velocity
dietribution lmmediately forward of the transition point,
and the presgure distribution bstween the transition point
and the trailing edge. To make use of this method the ex-
periumental pressure-~disgtribution curve for the upper surface
given in flgure 5 wae exlended from 53 psrcent of the chord
to the trailing edge where ths presgsure was known from the half-
woke surveys. The profile-drag coeffilcient of the upper sur-
face was then calculated for the cases of transition at 42.5
percent and 32.5 peicent of the chord, both at a Reynolds
number of 28,000,000, For the 42.5 percent location the drag
coeff'icient was 0.0023 which is in close agreement with the
value obtalned by the wake—swivey method, With transition
at 32.5 percent of the chord thse drag coefficient was calculated
to be 0.0028. Theso rosulte indicate a reduction of about
18 percent in the profile drag duwe to ths improvement in sur--
face condition between conditlon A and condition D.

The significance of the values of profile drag obtailned
from the teests of the 35-215 airfoll section may become more
apparent from suitable comparisons. TFor example, the theoret—
ical turbulent skin-friction drag coefficient for two sides
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of a Tlat plete at the Reynolds number rt which the value of
0.00148 was obtained for the test panel is 0.0052 or sbout O
percent greater, The minimum profile~drag coefficlent for the
conventional NACA 0015 airfoill section is estimated to be
0.0057 at the same Reynolids number or about 20 pecrcent greater
than that of the 35-215 gection. Comparison on the basis of
the upper surface drag indicates that the single surface
turbulent skin friction of a Tlat plate is about 12 percent
greater and the gingle surfoce drag of the 0015 section about
30 porcent greater than the upper surface drag of the 35-215
airfoil section,

CONCLUDING REMARKS

A laminar boundary layer was maintained over the upper
surface of the NACA 35-215 test panel to x/c = 0.42h where
trangition to turbulent flow occurred at a 1lift coefficient
of 0.220 and a Reynolds number of 26,700,000, Improving the
condition of the upper surface so that the indicated amplitude
of the transvorse waves, as measured with the surface curvature
gage, was reduced from 0,005 inch to 0.001 inch resulted in
increasging the extent of the laminar boundary layer from 32.5
percont to 42.5 percent of the chord, thereby probably reducing
the profilo—drag coefficient of the upper surface about 18 per—
cont. The regults of the transition tests indicated a forward
movement of tho trangition point of about 3 percent of the chord
due to operation of the engines and propellers.

The velocity surveys in the laminar boundary layer indicated
that values of boundary-layer Reynolds number Rg (based on
the distance from the surface at which the dynesmic pressure in
the boundary layer 1s one-half that just outside the boundary
layer) excecding 8000 are attainable in flight on suitably
designed and carefully finished airfoils.,

The profile-drag coefficient with power off was very nearly
constant with a value of 0.0048 for flight conditions ranging
from an airplane 1ift coefficient of 0.21 and a corresponding
Reynolds number of about 30,000,000 to a 1lift coefficient of
0.32 and & Reynolds number of 24,000,000, For the same range
of conditions the profile~drag coefficicnt of the upper surface
alone varied from 0.0022 to 0,0028. The effect of full-throttle
operation of the engines and propsllers increased the profile—
drag cocfficlonts as measured for both surfaces and for the
upper surface alone on the order of 8 to 10 percent.
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Comparison of the results of the present flight tests on
the 35-215 airfoil section with data obtained on generally
gimilar airfoils in the original NACA low-turbulence wind
tunnel showed that in flicht the laminer boundary layer was
maintained to values of R considerably greater than the
highest valves that ware aftained in the tunnel. This result
indicated that even in tunnel air streems of extremely low
turbulence the effect of the residual turbulence might be
apnreciable, and thereby demonstrated the necsssity of con—
tinued flight research on airfolls of large scale to supple—
ment the development work of the tunnels.

Langley Memorial Aeronautical Laboratory,
Nationsl Advisory Committee for Aeronautics,
Lengley Field, Va., May 5, 19ul,
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RIght Engrne Sropped, LeFt Evngime Full Throttle
32es]/l | © lzell2ssl29z1256] 1| | 1| [esclea/pselzay 7 [ ' T T [ 7 |
Lef+ Ergrne Jf‘ap/er R1947 Engrne Fall Thro?tlie
[} 1
z27| 7 A 234 I27.9 375 !zz._r : I E : : : : _.247:245 "
7 A 234122.8 | 375 122.5 |24 N2¢4 | | T | | 1 !
& A 2/01z8.0|.26/ 126.4 1 1 | |solzae [ ] T )
P25 2 B l2ée2¢.6|.3/012%.8] | 1 I T 1 I 7
/0 B 226 '29./ [.27212¢.5| | | [ e ! [ 7 [
/ < L.22./ 129.5|.30¢ 2¢4.0 | [ 269|26.8).269|26.8 B ] | i
7 A .23¢41272.8|375 |22.5 | | T | ! -l i L
37,4 8 A .2/0 128.0|2¢/ 12¢.¢ | 7 | ! ! | ! !
T2 8 |zeslzé.6].370124.8 ] T I ! ! I !
| /0 8 22629,/ 1277 26.5 ! & ! ! | | !
E .220126.2|.323123.8 | | I 294! 1 | !
400 | /7 O 229128/ |.248'26.7 | | | 243122 ! ! [ |
.256126.5.287125.¢ | | ! 2%l2¢ ! [ ! !
.220126.7(.323 |£3.€ | | 269|248 | 20| 26.7 | ] !
42.4| 19 D .229125.7|.2¢8126.7 I | 23812724 | e ! ! !
.256|26.5.287]|25: 4] | | 2s56126.5] | T | I 1
2251285|262]272.6 | | r \ > 1 N 7
Both Engltrnes Sropped
27.7] 7 | A [z38'28.2]:3¢0l22.2] | ! [ : L. I Jzcolzeq| |
T 71 4 lzsglzg2|3¢01222] T T T I R i (el P
325 8| A Jeeci2c.s[274126.3] | l 7.7 0 M0 ) iT i
/| ¢ |2zs5i3.7)256l285 1 | 7 T, ik L
| | /| b l2un'2%6|280'26.7 I HEPERIC Sl I R
| 7| 4 |23gl282 [.3¢s122.2] | N TEREEL I
8 A 246 126.5).274126.3 I 0| ! sl = Ak RO
37.4 = i | ! |
. 14| D 2/11294|.280'26.2 ! | Lbs
5| 0 |2z l298l32/1255] | C4un U R e
00|/ | B |2/21279.32/1255] 1. DL G ] O T Pl
g2t | 2121 '27.¢].200126.7 I T ] B, -
sl o lzizizeslsz/lzes o B A1 LU DO L
Both Faglres /J/;n_,
e a ! | , =T sl Tl A
2972 7 A |2se 250|433 202 | | i | | | | larszss |
A EE 25¢ 250 | 4331z0.2| T | | T | | ! |
3724 7 |_A .25 |125.0 | 433 | 20.2] | | T t 1 | ! |

Note: T Imdicates Furbulewnt /dyer and L, /aminer /Aye;— at @ glven PRStFram
fop Fhe g/ven ranje oF vf//jét‘ Cond/F 00y,

“h S



NATIONAT, Ap
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TABLE IT R ANRONATTION

Summary of Results oF 7rans/7/on 7e57s ©0»n Lowey
Surface o0 MACA. 35-2/5 7es+ Fane/

s

Lateral Pos)#/om Outboard ~inches Ceoster |1 7160R0S
Sl AR s 24 J2 /17 e /7ch es

Range of F/i19ht Coird = R
From 70 - Ik =
No| c |rspos| S |R/10% ¥ /0" S | Dot <1 %6 - 6,/06

Bo#*b Engrrwes Full Throttle

Xyi00|F1*

2a7iis zes 122.0 | 2591 20.3 | [ 272951252 |
Sl 2oz 122272 | 3171 24.3 | 2561220 | |
o2l 12727 F1s5 | 206 | | | 2N S
30.3| 4 |.245 12723 |.4¢6¢6| /9.9 | | 2951249 [
‘ ezl 1227 hdts | 20.6 |:393 122.3 | ,307 123.8 |
| gilh226 126.8 || .25 | 2.8 i | T i
235 7 .25 zoiE . 288 26 2 7 I Vi |
olimz Nz L2/ 2é.8 7 | 74 |
e ey | l 275 l2se [
Shlaeoiy 129 7 |.347 1 24.3 | | Beplllee® !
2hN22nlze s |25 1 258 I l l e
2 SsNS BlNRse 127232 |2¢p V26,2 [ [ ! T
10 |.215 129.¢ |26/ |26.8 | | | T

Left Engime S7opped; Rrght Exngine Full Throtr/e

P el 224 1272.8 3725 22,5 | : | ! .247|24.f_
7 1234 127.8 |.39s5122.5|.2¢5125.8 | 2es |28 [
Shlzrolll286 |izel '2é, ¢ i | i |
332 | 7 |2e¢ 1 2¢.6 [3/0 | 24.8 T | T |
i el ee 2.9 e olli2éss i | b |
/g 2o 126.7 |.323 | 23.8 | [ L I
Ryt izes BB l2s ¢ I [ 2273 1257 I
Salbziclize sl l2e/l 1262 [ I | /A
38./| 9 |20¢ ' 266 |:3/0 !'29.8 [ I i 7
ollhizee ' 272/ [.222! 26.5 | I | T
292 | 19 [2222 1267 |.323 123.8 I 295 1238 | I
25¢ | Zé-5 1287 125.4 [ T | |
Both Engrrnes Sropped
s s 2 2972 |32] |25y | 2eolZe e | |
284| 7 | 238 | 282 |.340 |22.2 | | | 260]25.06]
V2250282008390 |22.2 |25 | 258 | 2651258 |
8 |2%¢c | 265 |272%| 2¢4.3 T I | i
3302
| I+ |,277 127¢ |z80 |2¢.) | ' T ]
| lsdltzzn 22 9l a2 2ns T | .300 |25.8 |
S8 NBN.29¢ 1 2¢.5 |27+ 26.2 | | | &
Both Erng/res [o//17g
a7 256 250 i#33 | 202 I it [ 2723295
2 2227 iz2sc 250 4233 | 26 |.324|22.3 | 225 l23.5 I

Note 7 1mndicates Farbulen? layer a? g/ves pCssFror F2)
5 *4 e G Ives; pamge 2K f//j/f CcedrAdr P ronys,
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VaLUES OF s DETERMINED FROM BOUNDARY

LAYER MeaSUREMENTS on INACA 35-2/5 Arzroic .

FPOWER | SURFACE | Xy ,0n | SPANWISE r P
.CONDITION ConpiTION| C PosITioN L $
UPPER SURFACE
B —
B 325 CENTER 229 | 8100
‘ 227 | eooo
Born EN6INES 3.5 CENTER | .279 | 6100
FuLt - THROTTLE C .26/ | 8300
el o0
04 12 INCHES | .2 &6
oV TBOARD 216 8100
220 | ewo
V- 2.5 CENTER | gy | omap
226 2800
LEFT ENEINE o T .fag eocc
S7TOoPPED ; 259 | 7700
FI6HT ENCINE D 2EC| 7400
] 9 " (7}
Futl 7THROT7LE " S L;f;, iga
) OUTBOARD | -
SE59 goco
A Etov
4 /]
325 courer | < Ll
e 8/100
.22 | el
Borr ENECINGS & 213 | &4
727
SroerfD 4 T a/i 920:;
37 A
255 8300
279 | &c00
D 40.0 CENTER 213 | &500
LOWER SURFHCE
BorH ENEINES 309 | g700
D Frr s — 722 CENTER | .317 | 65¢0
‘| .z42 | 400
287 | ¢wo
LEFT ENG.STOPPLD; = 3ze CENTER | .293 | €300
\K7. En6.FulL THROT. : .323 | ewo

JABLE T

1-532

Sumriary oF RESULTS OF PrRoFILE DEAS
TEs75 o NACA 35-215 Airrois

NATIONAL ADVISORY

OOMMITTEE FOR A “RONATTTOR

POWER G
CoNDITION Co /.F// i Cdo
BoTH SURFACES

208 3.5 0050

232 2.7 0047

256 27.3 0049

Borr .258 28.3 0050
ENGINES 258 25.0 0048
SroPrPED .20 27.3 0048
260 27.6 0047
283 26.0 0048

300 253 004D

322 243 0048

214 29.7 0051

220 3.7 D053

BorH 249 27.5 0043
FNGINES SEGT 0./ 0653
Fuit-THROTTLE .28e 26.1 0052
.31 24.3 0053

L'PPER SURFACE ALONE

P25 27.8 0oP3
227 9.8 0020

EorH 236 £9.0 0022
ENGINES 258 27.3 0o22
STOPPED .62 £é.1 0023
270 28. 0025

293 245 o02s

722 P3.6 0528
213 7.4 0025

Borw ENGINES 226 - P76 0023
FULL - THROTTLE . 258 259 00e5
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i Frope/fer—+ 13"
2 '—--——»~ 120" ———

N.A.CA 35-2/5 AlFFor! Scctro7.

Fryure 2 . SKerch Show/ng posit/iox 07 Fest pare/ 00 Wirs

oF Douglas B-/g d/r,a/ane ard pProfile ¢+ A
35-2/5" Arr+os/ sectro,,

NATIONAL ADVISORY
COMMITTEE FOR AHRONAUTION

Frgure 3 . Sketch of curvature gauge used In
*mak:w'? surface wavihnessS Measurements.
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