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NACA 35-215 LAMINAR-FIOW AIRFOIT, AT
HIGH REYNOLDS NUMBERS
By J. W, Wetmore, J. A. Zalovelk, and Robert C. Platt

SUMMARY

Tsatas have been conducted in flight to determine the
boundary-layer characteristicg and the profile drag of the
NACA 35215 airfoil ssction at high Reynolds numbers. These
tests were made on a test panel of 17-foot chord mounted on
the left wing of a Douglas B-18 airpiane Just outside of the
propeller slipstream, Tests were made to determine the tren-
sition points and the boundary-layer velocity profiles for
varioug surface and power conditions over a range of airplane
1ift coefficients from 0.20 to 0.46 for which the range of
corresponding Reynolds numbers wasg 30,000,000 to 20,000,000.
The profile-drag coefficient of the panel was determined for
the best surface condition both with power on and with the
engines and propellers stopped over a range of airplane 1ift
coefficients from 0.21 to 0.32 with a Reynolids number range
of 32,000,000 to 16,000,000, In sddition, the profile drag
of the upper surface alone was delermined [or the same power
and surface condition and over zpproximately the same range
of airplane lift coefficients and Reynolds numbers.

With the best surface condition and the left engine
stopped, the laminar boundary layer was maintained to h2.h 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 testes 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. Ag 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 Trom-about 32.5 to about h2.5 percent of the
chord., ’



The velocity surveys in the laminsr boundary layer indicated
that valueg of boundary-layer Reynolds number Ry (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 8000 are attainable in flight on suitably designed and
carefully finished alrfolils.

The profile-drag costficient of the test panel with englines
stopyred was fcund to remain substantially counstant at a vaLue
of about 0.0013 for flight conditions ranging from an rplane
1ift coefficient of 0.21 and a corresnmonding Reynolds nunke of
about 30,000,000 to a Lift coeflicient of 0.32 and a Reynolds
numbher of Qh,OOO;OOO. 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 Llift coefficient. With both engines 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

8 to 10 percent,

, The results of the tests indicate the desirability for
continued Tlight research on airfoils at large scale to wunplem
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), it was
found that by suitably designing the orvofile of an airfoil a
favorable or accelsrating prossure gradient could be maintained
over ag rmuch as 80 vercent of the chord back of the leading edge.
Tegts of gome of these airfoils in the wind tunnels and in flight
‘showed. that within the lower flight range of Reynolds numbers
the laminar boundary 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 Revnolds number ranges, say, above 20,000,000,
it was expected that other methods might be required to ohtain
the desircd 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 at high Reynolds numbers and to glve data for
comparison with wind-tunnel data, Consequently, a suitable wing
wag chosen with these objects in view rather than with this
obJect of chooging an optimum section for any particular
practical application.



This report represents results of the tests of the »nlain
airfoil, Thege testes covered a range of Reynolds numbers
between 20,000,000 and 30,000,000 and included variations in
power condition and surface condition. An investigation of

he effect of section slote for boundary-layer control will
be covered in a subsequent report.

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

APPARATUS

The Douglas B-18 airplane is a bimctored, fully cantilever,
midwing monoplane with a wing srea of 958.6 square feet and a
design gross weight of 23,200 vounds. It is powered with Wright
Cyclone R-1820--43 engines (810 horsepower at 2100 rpm and
8700 feet) fitted with 3-blade propellers having z diameter of
11 feet 6 inches. Hamilton Standard, hydraulically controlled,
congtant--gpeed propeilers 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 engines could be stopped during flight. The weight of the
airplene asg flown wag approximately 22,000 pounds. '

A test panel having the NACA 35-215 airfoll section (table I)
was mounted on the left wing of the alrplane, 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 tho form of a hollow shell with walls
about 2 inches thick; the outside vprofile 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. L0O
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 meansg of steel straps. The position of the panel was
such that the inbosrd end of the leading edge was about 1 foot
outboard of the propeller disk, the leading and trailing edgss
were normal to the plane of symmetry of the alrplans, and the
plane of chord lines coinclded approximately with the plane of
chord lines of the wing. The panel was faired into the wing by
means of fabric stretchsd taut over a wooden framework. The
weight of the pansl and fairing was 1394 pounds; satisfactory
lateral balance 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 locatlon
are shown in figure 2.



The upper snrince of the panel was refinlshed several
times during the courage of the tests go that various suriace
conditions are repregentsd in the results, An index of the
surface wavinsas, 1. e.,, the mageltude of the tLransverse waves,
was obtalned by measuring the curvature variation slong the
surfece by meeng of the device shown in figure 3, Fianlshing
ths lower surface wos Found to be very daifficult so thst no
attempt was mede to refinisgh 1t and no waviness measurements
vere made on it., The condition of the lower surface through-
out the investigetion ieg believed to have been sbout the same
ag the initial condition of the upver surface,

Free—gtream static and total pressures were meagured by
means of gtatic— and total-pressurs tubes which were celibrated
with a static head guvapended beicw the alrplane.

The characteristics of the bhourdary laysr were determined
by means elther of S-tubs or Z-tube racks., The S-tube racks
wers each composed of e statlic-pressure tube and four total-
pressure tubes arranged to meagure the statlc pressure Just
outside the boundary layer wnd the totel prescure closs to
the surface and st 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 deslred
to determine only the point at which transition cccurired the
2~tube racks, each congigting o a static tube located Just
outalide the boundary layer and a total-pressure tube located
close to the surface, were used.

Wake-pressure surveys for the determination of prefile
drag were cccomplished by means of & bank of 25 total-pressure
and 6 static-pressure tubes located 12 percent of the chord
back of the treiling edge on the panel center line and extending
through the_sntire weke. The total-pregsure tubes were aspaced
0.60 inch spart., A bank of tubes consigting of 21 total-pressure
tubes, spaced 0.2% inch apart, and 3 stabic~preossure tubes,
mounted at the centexr of the tralling edge and extending cnly
through the upper surface wake was used for the determination
of the profile dreg of the upper surface alone.

All preassures wore measured by means of a multlple~tube
alcohol manometer and were recorded photogrephically.



TESTS

Bowndary-layer meaguwrements were made on the upper surlface
of the test punel over a range of airplane lift coefficlents
from shout 0.20 to 0,43; the range of corresponding Reynolds
numhers wae From ebout 20,000,C00 to 20,000,600, Several
conditlons of the panel surface, as indicated in figure », and
various power conditions were investigated., The power conditions
covered ware ag follows: both engineg full throttlie; btoth
engines 1dling; left engine stopped, right englne rull throttle;
right englne stopped, left englne full throttle; both englnes
gtopped. Only a fow teghs were made on the lower surface of
the panel becauge of ite inferior condition.

The profile drag due to beth surfaces and that due to the
upper surface alone was dstermined with the panel surfeces in
the final condition end for two power conditionsg: both engines
at fll throttle and both engines stoored. The profile-drag
measurements coversd a range of alrplane 1ift coefficlents from
0.21 to 0,32 with a range of corregponding Reynolds numbers
from 32,000,000 to 24,000,000,

Inasmuch 28 it was necessary to dlve the airplane in order
o attain the low 1ift coefficients desired, the relative lag
of the varicus pressure tubes and lines was determined by
special tests and the results were corrvected eccordingly.

RESULTS -

Regulte of the investigation are presented in figures 5 to 10
and in tables II to V. In figure 5 the distributions of preasure
coefficlent, &, (S:q/qb), ovor 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 surfaces of the tost
panel and were determined by means of the boundary--layer racks.
Trangition results are progented 1n tables II.and III for four
gurface conditions as shown in figure 4, and for various engine
and propeller conditions. The rangee of 1ift coefficlent and
Reynolds aumber covered in each test run are included in addition
to the particular lift coefficients and Reynolds numbsrs at which
transition occurred. The method of determining the conditions
for transition is indicated in figure 6. In figures 7 and 8 the
velocity distributlons in the laminar-boundary layer are shown
for various chordwlse and lateral poeitions on the upper and
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lowser surfaceg as plots of u/U againsgt %ﬂ[ﬁi whers u is

the velocity within the boundary layer, U 1s the velocity
Just outside the bourdary layer, y 1is the distance from the
surface at which u is messured, ¢ ig the panel chord, and
R ig the Reynolds number in terme of the panel chord and the
free~gtream veloclty; this methol of plotting elimingtes the
effect of vartations in Reynolds nuuber, Vaiues of Ra, the
boundary-layer Reynolds aunber in terms of U =and of the value
of ¥y at which u/U = 0,707, are ligted in table IV for
variovs conditions under which traansition to turbulent flow

ng provably Jmminent. The profile-drag coefflcients for both
gurfaces and Tor the unper surface alone are given in flgures 9
and 10, vegpectively, and in table V.,

DISCUSSION

The pressurs digtribution over the forward 53 percent of the
chord on the upper surface anl) over 40 percent of the chord on
the lower suriace wae determined from the static-pressure msusure--
ments obtalned with the boundary--layer racks. Inasmuch as the
gection 1ift coefficients ¢ could not be evaluated without
pregaure-distribution data over ithe entlre pansl chord, the
reaults of the investigation are pregented in relation to the
alrplane 1ift coeffilcient Cp. A gpanwige variation in the
surface presewres indicated that the section Lift coefficient
varied on the order of i or 5 percent over the renge of spanwlse
positions covered in the tests, being highest inboard and lowest
outboard of the pausl center line. The sectlon 1lift coefficlient
at the center of the test pancl 1s estimated to be about 0,90 of
the airplane 1ift coefficient.

Ths experimental pressure distridution showm in figure 5
wae obtalned at an ailrplane 1ift coefficient of 0.238 so that
the section 1ift coefficient was probably about 0.22 as corpared
to the value of 0.20 at which the ailrfoil 1s designed to operate.
This small difference in Lift coefficient would probably not
materially affect the shapee of the curveg. The minimwan pressure
on the upper surface 13 shown to occur at about 45 percent of
the chord. '

The transition conditions summarized in tables IT end IIT
are dsrined ag the condibions at which, for a given chordwlge
position, a glight densrshors Trom bhe glven Lift coefflciont--
Reynolds number combinacion would cauvge trarsition from laminsr




to turbulent fiow,  The transition was generally well defined by
an obiupt rise in the velocity close to the surface as illustrated
in fimure 6. ’ ‘

Comparison of the transition resvlts for the varions con-
ditions tested 1s rather uncertelin in some cases owing to the
fact that there is no fixed relation between airpians 1ift
coefficient and Reynolds number; 1. o., for a guantitative
evaluation of the ef?ect for example. of the power or’ surf'ace
_condition on the extant of the laminsr-boundary layer, com—
parigon should be made at the sems 1ift coefficient and at
the same Reynolids numher. There are, however, geveral con--
clugiong indicated by the results. With the bhest surface:
condition tested (condition D, fig., 1) and with the'left engilne
stopped the laminar boundery layer wus maintained to 2.4 percent
of the chord on ths uppsr surface. Ag shown in table IT, tran-
gsition was observed alt this station at seversl different combi- -
nations of C snd. R owing to the wnavoidable varistlon in
the relab%on dL R to CI be+woen di““eramu uaqt rung. At

the deeig W‘tt cog P$0Lert of the pun 1 (01 ».LO), ‘the
Reynolds number for trensition st ho b percent of the chord
was 26.7 millions. The transition point on the lower surface
was not determined for exdctly the foregolng conditlonsg bhut,

gshown in table IIT, at a 1ift coefficient of 0.247 and a
Reynolds number of “6.& milliong Lransition cccourred at 28.4
vercent of the chord so that for Cy, = 0.220, representing a
mcere wnfavorable condition for the U%rsmﬁw@ the extent of
the laminary layer would be somewhat less than 2 8.h percent of"
the chord. This result is an indication of the dogree of
inferiority of the lower surface condition as compared to that
of the best upper surface condition.

The influence of surface condition on the position of
transition is shown more dirvectly by comparison between the
trangition resulte cobtained with the different upper surface
conditions. With condition A, Tor which the indicated asmpli-~
‘tude of the traunsversc surface waviness was as much as 0,005
inch, and with the left engine ﬂuopped trangition occurred
at 32.5 percent of the chord and 24 inches outboard oi the
panel center line at an airplanc 1ift cocfficient of 0.2b47 and
& Reynolde number of 26.4 millions. For surface condition D,
with an indicatod waviness amplitude of 0.00l inch, and the
game power condition the transition occurrsd at 42.h percent
of the chord at the same Reynolds number and a more wnfavorables
1ift coefficient of 0,256, The result of the improvement in the
upper surface condition was therefore an increase in the extent
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of the laminsr boundary layer of at lesst 10 percent of the
chord. The effects of the intermediats surrace conditlons are
not definitely indicated by the results,

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

In figures 7 and 3 boundary-layer velocity distributions,
determined fur several co.ditione from the teste, ars compared
with the theorelicel Biagius flap-plate distributions. In
general, the experimental points co-form to the theoretical
proiile shepe within the probable Tiwits of accuracy of the
measurementsy. The effect of the favorable pressure gradient,
which 1s maintained over the forward 45 percent of the
35-215 airfoil section, 1s evidenced in figure 7 by the values
of equivalent flat--plate length, corregponding to the Blasius
profiles, which sye generally less than the actual digtance
along the surface from the stagnation point.

The velues of Ry derived Trom the measured velocity
digstributions in the laminer boundary layer and listed in
table IV range from about 7500 te 9C00, Although individual
values may not be entirely reliable, the results, in gensral,
are sufficlently consigtent to permit the conclusion thatl
values of Ry of at least 8000 arsc abtainable before tran-
gition cccurs in flight on sultably designed and carefully
finighed airfolls. The value 8000 represents a considersble
increase over the highest values obtained in the original
NACA low~turbulence tunnel on lauwinar-flow alrfoils similar
to the 35-215 gection: this comparison indicates that even
with extremely low turbulencs in the tumnel alr stream,
boundary—~layer and profile~drsg measurements may be subject
to considerable revision when applied to fiight conditions.

It is pointed out that while the valuse Ry = 8000 may not

be the ultimete attoinsble, this value hag been attanined and
therefore may be used as a guide in estimating what may ve
expected In the oxtent of the lewiner boundary layer and

hence in profile drag for alrfoils having pressure-distribution
characterigtics generally similar to ihoge of the 35-215 airfol

H

- The profile-drag coefficient of the penel was debtermined
from the full-wake surveys in accordance with the momentum
mothod as developed by Jones., {See reference 3.) For the



power-off condition the coefficlent 13 substentially constant
over the wange of Lifh coefficient end Reynclds nurber investi-
gatod and has a valve of sbout ©,00h8, With powsr on the value
is lncressed to about 00,0052 or & vercent. L

In view of the inferior condition of the lower murface of
the panel the profile~drag measuremencs on the uppsr surface
alone are consldersd as more nearly veprescutbabive of the capa-—
bilities of the aivtoll., The drag coefficients wore evaluated .
from the uelf-wake surveys by the method of Sguirs sad Young.
See reference k.) As shown in figure 10, for ihs power--ofi
condition the coefficient incrensed from sbout 0.0022 et an
alrplane lift coefficlent of 0.22 and a Reynolds mmber of -
2G,000,000 to 0.0028 at a 11t coefficient of 0.32 and a -
Reynolds number of 24,000,000. It is reasonsble to assume thah .
for equally good surface conditions the drag duwe to the lower
gurface would be legs than thait of the upper swface so that
the minimum dreg coefficient of the alrfoil would be somewhat
less than 0.004Lk, The advevse effect on the drag ccefficlent
.dus to esngine and provellor operation is substantleted by the
powor-on results which ghow an increase in drag coefficlent
of about 10 percent over the power—off values.

In reference U4, in addition to the method of determining
nrofile drag from wake surveys, there 1s develoved a method
of predicting the drag from a knowledge of the location of
the transition pnint, the laminar bovndary-layer velocity
distribubtion inmedistely Torward of the trangition point,
and the pressure digtribubtion between the transition point
and the tralling edge. To make use of thls method the ex~
neriuental prossure-~distributlion curve for the upper surface
given in figure 9 wag exbendsd Trom 53 psrcent of the chord
to the trailing odge where ths pressure wog known. from the half-
woke surveys. The profile--drag cosfflcient of the upper sur--
face was then calculated for the cases of transition at 42.5
percent and 32.9 percent of the chord, both at a Reynolds ,
numher of 28,000,000. TFor the 42.5 percent location the drag
coofiicient waes 0.0023 which is 1n close agrecemont with the
value obtained by the wake-survey method., With transition
at 32,5 percent of the chord the draz ccefficlent was calculated
to be 0.0028, Theso rosulte indicate a reduction of about
18 percent in the profile drag due to the improvement in sure--
face condition between conditlon A and conditlon D.

The significance of the values of profile drag obhtalned
from the tests of the 35-215 airfoll section may become more
apparent from sultvable comparisons. For example, the theoret-
ical turbulent skin-frictlion drag coefficient for two sides
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of a Tlat plate at the Reynolds number rt which the value of
0.0048 was obbained for the test panel is 0.0052 or aboub &
percent. greater., The minimum profile-drag coefficlent for the
conventional NACA O0L% airfoil section is estimated to be
0.0057 at the same Reynolids number or about 20 porcent greater
then that of the 35-215 sectlion. 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 surfaece drag of the CO15 aection aboub
30 porcent greater than the upper surface urag of the 35-215
airfoil gection,

CONCLUDING REMARKS

A laminar bomndary layer was maintained over the upper
surface of the NACA 35-215 test panel to x/c = O.hkeh where
trangition to turbulent flow occurred at a lift coefficilent
of 0.220 and a Reynolds number of 256,700,000, Improving the
condition of the upper surface so that the indicated amplitude
of the transvorse waves, as msasured with the surface curvature
gage, was reduced from 0.005 inch to 0.001 inch resulted in
increasing the extent of the laminar boundary layer from 32.5
percent to 42.5 percent of the chord, thereby probably reducing
the profilo~drag coefficient of the upper surface about 18 por—
cont., The regults of the trangition tests indicatod a forward
movement of the transition point of about 3 percent of the chord
due to operation of the engin“s and, propellers.

The veiocity surveys in the laminar boundary layer indlcatnd
that values of boundary—layer Reynolds number By {vased on
the distance from the surface abt which the dynemic pressure in
the boundary layer 1s one-half that just outside the boundary
layer) excecding 8000 are attainablc in flight on sultably
designed and carexully fintshed airfoila.

The profile—drag coefficient with power off was very nearly
constant with a value of 0.0048 for flight conditions ranging
from an airplane lif't coefficient of 0.2l and a corresponding
Reynolds number of about 30,000,000 to a 1ift coefficient of
0.32 and a Reynolds number of Qh 000,000, For the same range
of conditions the profile-drag coefficiont 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 cocfficionts as measured for both surfaces and for the
upper surface alone on thse order of 8 to 10 percent,
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Comparison of the results of the present flight tests on
the 35215 airfoil section with data obtalned on generally
gimilar airfoils in the original NACA low-turbulence wind
tunnel ghowed that in flight the laminer boundary Layer wes
maintained to values of Ry considerably greater than the
highest values that were altained in the tunnel. Thie result
indicated that even in tunnel air streems of extremely low
turbulence the effect of the residual turbulence mlght be
apnreciable, and thereby demonstrated the necsssity of con—
tinued flight research on airfoils of large scale to supple-
ment the developument work of the tunnels.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronaulics,
Lengley Field, Va., May 5, 10kl,
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37,4/ 9 B lzs¢i273|288l262 | T ! I I I I |
/0 8 lzi7i29.5|2¢/ 1268 T 7 ] ! ] | 1 ]

/4 D .23413).4.326125,% | [ T [ | { 1 { B

15 D 20721227 .32 1243} | | 2561220 ! | 1 i !
2g8L2 | A |2ésizre 4591203 ] T ! I ! 1 1
- + A 245'27.3 | 46e /29 ! T ! ! | i !
g46.0 /5 D 207 122.7{.3/7124.3 i 1 .202|29.7) ! i ! 1
#2.4/5 D |207129.7|.3/7'24.3 | | 1 T ! ! !
3 A 2651220, 459120.3 1 7 | ! 1 T | !
A lzesizraldesiizg | 7 i T | T T 7

Right Engrre J?“appea/J' Ze)"/‘fwj/he Fell ThrotFle
G2l | <  Jeellesslagzlesig] | | | lesclzosfeselzr] 7 | 1 | 1 1
LeFt Erngrre J‘-/-bppeag Rrgh+ Exgrrne Fall Téroff)e

! 1
z27( 7 A 234 iz7.9 375 !22.3‘ : B l ) : : 1 ; 247}24 X
7 A 2341228 |.3>5122.5 |29 n2¢4 | ] T I | ] !
8 A 2/0128.0|.2¢61 1 26.4 | 1 | lz10-12.86 [l | T i
32.5[ 9 B 264 12¢.6 |.370124.8 1 | i T [ | 7 :
/0 B lzzelzes 2771265 | I ] 7 | 1 7 i
” c .2z/1295]|.30¢ 1 26.0 | ! l269]24.8.269126.8 T ! [ i
7 A .2341 2728375 |22.5 | | T 1 1 i [ .
37, 8 A .270 128.0|2¢7 1262 | T | ! [ | ' [
¢ ;
V2 B |ze4l26.6|.3/0/24.8 ] T | i ! ] !
/0 8 22629, 27721265 ! T ! ! } Tl i :
.220126.7].323123.8 1 | - 2724 24.¢| 1 [ : [
qo0.01 /9 pal 229128/ |.248'26.7 | v | 24312 20| | ] 1 |
zs6lzé.s|.2971z25.¢] 1 i ! 2stlzes] | 1 ' :
lzz201267.323 (23.68 | | 269|248 | .220| 26.7] ] ] ]
424109 | b |2221280]2481247 I | lesglzad] 1o T I [ i
.256]26:5].287|25 ¢ | i- . |aselze.st | T | I ]
22s5l28sl262(22.4 [N | T \ T 1 1 ]
Both Englires SHoppred )
27.71 7 A 238128.2]:340]22.2 1 | [ ! Ml I 2601266 !
T2 l4 238 1282 ]3¢0 122,22 T T | T T [T ]
sz.5 8| A |2ee l2¢.5.274126.3 | ! ! r_ L. ! T !
] < 2251347256285 | | .250 |28.5 250|285 T L T L
/+| P lzw'2%6|280126.2 1 R ] [ | L ! f
2.1 4 _je3gizgz|.3s0l22.2] ] ! BRI AT (O N BRI PO
37,4 8 A 246 12¢.5.274126.3 | ral : S O N 1 !
A 2011294l 280'26.> | ! zzsizeo| | ] I L .
AN 272 l29.9].32/ 255 ] | 300lzsig| |1 R 1 ! !
400/ 1 D 122 1299].832/ 1255 [ i i 2571224 | i ! 'r
14 1B |an 'zz¢l.z80i26.7 I ] S i I }
t29yr | o lzsziznglaz/lass ' ! 0
Bortsh fwg/’bc‘: /a’/l)—p’ .
- [ I | 1 S S R R X202 I
272717 A 2.5¢ 250|433 | 202 \ | | | | | L3792 !
3z 7 1 A Z5¢ 250 | #3381 20,2 T | i T ] | ! U
[37.4] 7 1 A 256 250 | 433 1202 | | F v ] | i i

Note: T indicates Farbulent /aye;—v and /_J /@ imar /Ayek at aﬁlueh p,o:‘/?‘/rn
Ffo i the green range AF vf//jé* CondsFlesms,



NATIONATY ADVL
L 80
OCOMMITTEE FOR AEXBONI:YUTIOQ

. TABLE T

Sammary of Results oF Trans/?/0» Tests o» Lower
Surtace ©0F MACA. 385-2/5 7esr  Fawre/

=532

‘ 75
Lateral Poss?/on Outboard ~ 1 ches Cexnter 5%’: rd

oF Racks 24 /2 /17 e I7mChes

flroht Corrd
“ 2 <L %" S 0l CL /06 <L 6//06

From
50'7“% Engrrwes Full Thrott/e

Mol ¢ |r/is| CL iRﬁo"

249.7| 2 .zes 1272.0 | 4591 223 ] | 29512852 !
275\ /5 207 1297 1.3/771 24,3 B 25612720 P i |
28.4| 7 |.z11 1272.7|4/5 1206 | [ [ 29/ 129.5]
303 4 |. 245|273 |. 4661 /7.7 | | 2951247 !
7 {eztr 1227 145|206 |.353 122.3 | .309123.8 |
8 |.z238 |2¢.8 |.25¢6 | 25.8|. T | T i
9. 25¢ 1 27.3 [.288 1 26.2 | 7
33.2 — ' = {
/4 |,234 | 3/.¢ |.326 | 25,4 l 2951256 |
/35,207 1 29.71.3¢7 122.3 I 322|242 !
I ] T
| T
!

-
2177 1295 |26/ | 26.8 A
1
|
i
|
|

8 (.238 '2¢.8 |.25¢ | 258
38./ | 72 ].25¢ l22.3 |2¢F 26,2 |
o |z 129 |26/ 12¢.8 [ 7

Left Engine Stopped; Ri1ght Engine Full Throtr/e

|z8.4| 7 |.234 1272.8 |.37s5 122.5 | l ! |.247|26.8
7 1,234 127.8 |.37s 1 22.5.2¢5 1258 | 265 | 2578 l
8 |.z/0 1280 |.26/ 26,4 7 [ 7T I
2321 79 l2ed 12¢.6 | 3/0 1248 T | 7 |
170,226 1291 | 220 2¢.5 7 | -7 |
/220 l26.7 323 | 23.8 | [ 282 124.2 [
7 256 | 265 |. 2872125+ I I .273 |125.9 |
8 |.z70 128,46 |26/ 126,4 I I I 7
3811 9 |\2ze¢ ' 26.6 | 2/0 | 22.8 { A q 7
L /0 |.226 129/ (.2201 Z6.5 I ' | 7
39.2 | 19 222 12677 {,323 123.8 [ 295 1238 | i
256 1 Z6.5 |1 2871254 ! T ] |
Both Erngrrnes Stopped
27.50/5 .22 |29.9 |32) |2s57% ] .260126.6 | :
284| 7 [ 238 |282 [.3¢0 |22.2 | : | | 2601256
7 1,238 1282 |.390 |22.2 |,265 1258 ! ,zeslzs8 |
8 |2¢9¢ l2es5 l27%1 2¢3 7 | | i
332
i¢ 1,270 '2%9¢ |280 1267 | | T |
/18272 lz9.2 |32/ |255 [ | .300 125.8 |
38.1 8 {.296 12¢.5 |.27¢ | 26.3 | l | 7
Both Eng/res [o//1rg
28,47 |.256 '2s.0 |#33 | 202 o ” I [ 273295
33.2|7 {25¢ 1250 |433 | 262 |344122.3 [ 295123.5 A

Note T 1mdicates tarbualent layer a? g/ves ,065/7‘/.07-, #2 /-
A ¢ gIwvers pange e F 7‘//;47‘ Ceds et P rows,



B Z4£LE IV ocowmmrrrar FoR ABRONAUTIOR.

NATIONAL ADVISORY

VaLues oF s DETERMINED FROM BoUNDARY
LAYER MeasureMENTS on WACA 55-215. A1RFON..

FoweRr

TESTS on VACA 35-215 Airrori

JABLE T
Summary OF REsuTs oF ProfiLe D5A4s

NATIONAL ADVISBORY

OCOMMITTEE FOR A HRONATTTOR

L=532

) SURFACE | X xjpp | SPANWISE - P
.CONDITION Conprrion| € Posirion | “* $
UPPER SURFACE
B 325 CENTER | .229 | 8I00
' 227 | gooo
Born EN6INES 325 CENTER | .279 | 8100
FuLt- THROTTLE c .26/ | 8300
o el 650
374 12 INCHES | .2 &6
ouTBOARD Y 216 8100
.e00 ELO0
B 33.5 CENTER | Sep | oopp
276 7500
LEFT ENGINE 200 CENTER .aag eoce
SroPPED ; 259 | 7w
FrsHT ENGINE D pEs T 7400
Futl 7THROTTLE na 12 INCHES .iea i/;;)
: ovrsoare | 557
P59 eoLo
215 BCoe
4 /)
325 CENTER ee 6400
20 810
2o | e
Porn ENEINES c 213 | 64w
£y ’ .
Sroesfd » )2 INCHES .e;i 9201;
37 OUT BOARD eeg | &30
055 8300
279 | &C0O
D 40.0 CENTER | 213 | 8500
LOWER )’ueFJacz'
Bort ENGINES 305 | 6700
Fuit THoTTLE —_ 732 CENTER | 317 | 65¢0
“l.za2 | ga00
: . 287 | 6900
LEFT En6.STOPPED; — 3ze CENTER |.293 | €900
K7 ENG. FUiL THROT. ’ 323 | ewo

FPowER 6
CONDITION Ce }?// v Cd"
PorH SURFACES
208 3/.5 \DO5C
232 28.7 0047
256 27.3 or49
- Bork 256 28.3 D050
ENGINES P58 280 00648
SrorPrED 260 27.3 0048
260 27.6 L0047
288 26.0 e
300 753 po4
322 P43 0048
214 297 2
220 7.7 0055
BorH 249 27.5 0043
ENGINES 267 20 553
Feut-THROTTLE 282 25,1 o052
' 371 24.3 0053
LUPPER SUREACE ALONE
P26 27.5 Lo
227 0.2 Q02U
EorH E7A L5 DR
ENEINES P58 273 GC22
SrorPPED ¥4 £5.1 L0023
270 250 0025
293 24.5 0025
722 23.6 W
213 3.4 W
Borw FNGINES 286 - P76 0023
VFULL- THROTTLE . 258 L0025

259
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& NATIONAL ADVIBORY
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N
b
N

/Df-ope//er o pey3”
'—4 ----------- — [P0 ]

N.A.C.A 35-2/5 Atk For! Scctro,

Fraure 2 . SKerch 5/70:4//%3 pPOSIFI0 ©0F Fest Pare/ O»n Wirs

oF Dowualas B-/8 a/,/a/qhe gv;--.d’l ﬁf&?l//e o F N L. A
35-2/5 AtrFos/ sect o,

NATIONAL ADVIRORY
COMMTITTEY FOR A HRONATUTION

/‘—/74115 3. SKetch of curvature gqauge vsed m
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