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NACA ACR No. ILT18

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

HIGH-SPEED INVRESTIGATION OF LOW-DRAG WING INLETS
By Norman F, Smith '

SUMMARY

Tests of a low-drag wing-inlet section, which had
been developed in a previous low-speed investigation at
LMAL, were conducted at high speeds in the NACA 8-foot
high-speed tunnel. Near the design angle of attack, the
inlet section was found to have minimum profile drag
comparable to that of a similar low-drag plain airfoil
section and to have negligible inlet losses, These results
corroborate those obtained in the low-speed development
program, The inlet section was found to have a higher
critical Mach number than a comparable airfoil section,
es predicted in the previous low-speed tests of this inlet
section. A gain in critical Mach number of about 0.02
was measured, which is approximately one-half the gain
indicated by the previous low~speed data and the data
obtained at low Mach numbers in the present investiga-
tion. ©No inordinate changes in section characteristics
with Mach number were found. In general, the variations
were quite similar to those variations found for the
comparagble plain airfoil section tested simultaneously.

Satisfactory section characteristics could be
obtained only for a small range of angle of attack and
inlet~-velocity ratio, as a result of internal separation
and external pressure peaks. The maximum 1ift found for
the inlet section was considerably lower than that found
for the similar low-drag plein airfoll section. Tests
of the inlet section with two amounts of camber showed
that the introduction of a moderate amount of camber
improves the section characteristics and the useful
angle-of~attack range. Further development i3 shown to
be necessary to produce inlet shapes having satisfactory
characteristics through the desired ranges of angle of
attack and air-flow quantity.

INTRODUCT ION

A program was initiated by the NACA that included
tests at low speeds in the NACA two-dimensional
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low=turbulence tunnel to develop air-inlet shapes for
low-drag airfolls and subsequent tests at high speeds

in the NACA 8-foot high-speed tunnel to determine
compressibility effects on the characteristics of the
most promising shapes. A development program in the

NACA two-dimensional low-turbulence tunnel produced
wing-inlet sections having a minimum section nrollle

drag comparable to that of similar low-drag plain sirfoil
sections (reference 1). The low-speed pressure data also
indicated that the critical compressibility speed might
be higher for an alrfoil of a given thilckness ratio with
air flowing into an efficient air-inlet opening than for
a similar section of the same thickness ratio with no
inlet opening.

The present investlgation was made in the NACA
8-foot high-speed tunnel with three models designed
from one of the best inlet sectiong (shape 9) presented
in reference 1. As a part of the general program,
shape 9 was tested in its original symmetrical form;
in order to study the general applicaticn of the inlet
shape to cambered sections, two additional cambered
models were designed and tested.

Section characteristics of the wing-inlet models
were determined from pressure distributions, internal-
flow measurements, and wake-survey measurements. For
purposes of comparison, the corresponding characteristics
of a comparable low-drag plain airfoil sectlon were
gimilarly determined.

SYMBOLS
a4 speed of sound in free-stream air, feet per second
M, free-stream Mach number (Vo/ag)
lop critical Mach number
Qq section angle of attack, degrees
P free-stream density, slugs per cubic foot
- free-stream dynamic pressure, pounds per square

% 2
foob (EpOVO )
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AH

int

total-pressure lcss from free stream to internal
survey rake shown in figure 1, pounds per square
foot

total-pressure-loss coefficient

local static pressure, pcunds per square foob

free-stream static pressure, pounds per square
foot

/i
p =D
pressure coefficlent (;- <
N 9
critical pressure coefficient, corresponding to a
Mach number of 1,0 at that point
wing chord, feet
section profile drag, pounds per foot of span

(%o
section profile-drag coefficlent \\a——
¢

0

internal drag, pounds per foot of span

d
internal drag coefficlent </in£)

Q€
section normal force, pounds per focot of span
’ ; n \
section normal-force coefficient T3
0

section pitching moment about quarter-cherd.point,
foot-pounds per foot of span

section pitching-moment coefficient (;lii

q,5¢
Reynolds number
free-stream velocity, feet per second
velocity at air inlet, feet per second
inlet-velocity ratio
area of air inlet, square feet per foot of span
area of alir outlet, square feet per foot of span

(station number designations follow those used
in refersnce 2)
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X distance along chord from leading edge of airfoll
(see rfig, 1)

¥, Jg distance perpendicular to chord for respective
surfaces (see fig. 1)

cy, secbion TEE Yeoefflalent

APPARATUS AND TESTS

Apparatus

The NACA 8-foot high-speed tunnel, in which this
investigation was conducted, is a closed-throat,
circular-section, single~return tunnel with airspeed
continuously controllsble from about 75 to 600 miles
per hour, The turbulence of the airstream is low but
is somewhat higher than the turbulence of free air.

Mode ls

The three models tested were of 2-foot chord and
were constructed of wood. The general layout of the
models and a scale drawing of each section tested are
presented in figure 1. The inlet sectlon of each model
extended over one-fourth of the span and was faired,
in an "end-closure" length approximately 2.75 times the
inlet height, into a low-drag "basic airfoil section"
that made up the rest of the span (figs. 1 and 2) (eneral
and detail views of one of the wing-inlet models are
presented in figures 2 and 3, respectively. It should
be noted that the basic airfoil section matches the inlet
section only in maximum thickness, maximum~thickness
location, and camber, and 1s representative of many
sections that might be used in conjunction with the
particular inlet section. The model ordinates are given
in percent chord in table T,

The inlet section of the symmetrical wing is
externally an exact reproduction of shape 9 of refer-
ence 1 (reduced to 2-foot chord). The inlet height is
approximately 32.5 percent of the meximum thickness of
the section. The baslc airfoil section 1s the NACA
66(218)-018,9 airfoil section (reference 3).
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For the medium-camber wing, shape 9 of reference 1
was fitted to an NACA 55,3-018 airfoil section and
cambered., The procedure was as follows:

(a) The length of the original inlet section ahead
of the maximum-thickness station (0.L5c) was reduced by
the ratio of LL0/45 to make the location of maximum
thickness coincide with that of the basic airfoil sec-
tion (0.LCc).

(b) The thickness was reduced to that of the basic
airfoil section by subtracting 0., percent chord from
the inlet~section ordinates.

(c) An arbitrary fairing tc the exit was begun at
the 65=percent-chord station of the airfoil.

(d) The fairness of the resulting inlet section was
checked by computing the slope of the surface between
consecutive ordinates and modifying the ordinates where
necessary to make the variation of slope along the chord
smooth,

(e) The final ordinates were combined with a camber
line of design c¢; = 0.30, mean line a = 0.6 (refer-
ence 3),

The inlet height 1s approximately 29.5 percent of the
maximum thickness of the section., The basic airfoil
section is the NACA 65,3-318 airfoil section.

In the high-camber wing, the inlet and the basic
airfoill sections have the same thickness distributiocn
as the symmetrical wing but are cambered to ¢y = 0.50,
mean line a = 0.6,

The three inlet sections very closely represent a
family of cambered sections, and the test data can be
analyzed to establish the general effects of camber on
the inlet section. - The duct for the three models had

he same "thickness distribution™ and was designed to
give a low value of internal loss., The camber line of
each inlet section was applied to the duct for that
model, (See fig. l.,) ©No simulated internsl resistance
was employed, because resistance serves merely to reduce
the inlet-velocity ratio that can be obtained with a
glven exit area and does not appreciably affect the
external conditions over the section or the internal
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conditions at the entrance. Removable exit plates were

modified as shown in figure 1 to give the desired exit -
areas and inlet-velocity ratios. Streamline steel

spacers were installed both in entrances and exits to

provide additional strength. During the tests no

modifications to the sections were made except for

several small changes in the internal-=lip shape, which

was designed to reduce entrance losses. (See fig. Ji )

Measurements

Each inlet section was equipped with surface static-
pressure orifices to measure external pressure distribu-~
tions and with an internal survey rake to determine
internal=flow conditions, (See fig. 1l,) The basic air-
foil section of each wing was also provided with surfacs
static-pressure orifices at approximately the same
distance from the tunnel center line., The pressure tubing
passed from the model through a passage inthe wing and
was connected to a multiple-tube manometer in the test
chamber,

Section normal-force and pitching-moment coeffi-
cients were obtained by integration of pressure-
distribution plots. Total-pressure loss and inlet-
velocity ratio were computed from measurements obtained A
with the internal survey rake. Section profile drag
was measured by the wake-survey method behind sections
not influenced by the surface pressure-distribution
orifices or the inlet end-closure,

‘For several tests, wool tufts were installed at
appropriate points on the symmetrical inlet section to
permit observation of flow conditions, The models were
tested through the complete angle-of-attack range from
approximately -L° to an angle higher than the angle for
maximum 1ift at low speeds. The angle-of-attack range
at higher speeds was reduced because of structural
limitations of the wing. The inlet-velocity ratio of
each inlet section was varied from approximately 0.25
to 0,85, The tests were run through a range of Mach
number from 0.20 to approximately 0,70 corresponding
to a range of Reynolds number from %,000,000.

S Py, TOD, 000 LT1my 5).
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RESULTS AND DISCUSSION

External-Flow Conditions

Pressure distributions.- Pressure distributions are
shown In figures 6 to O for the inlet section of the three
wings at @p = 0° and V3/Vy, = 0.53 for comparison, the
pressure distributions over the basic airfoil sections
are also presented.

In figures 9 to 1l the pressures over the inlet
sections are shown to be very sensitive to changes
in ay and Vi/V,. The upper surfaces of the cambered
inlet sections are less sensitive than the symmetrical
inlet section, because the introduction of camber
results in a favorable increase in curvature of the
upper lip. The decrease in curvature of the lower lip
results in a pressure peak on this surface at the design
angle of attack. External-flow conditions improve with
increase in inlet-velocity ratio.

The resulta show that only a small range of angle
of attack and inlet-veloclty ratio exists wherein a
favorable pressure distribution can be maintained over
the inlet sections. When well established, the pres-
sure neaks produced outside this small range will
result in preclusion of laminar flow on one surface and
in reduction of critical speed,

Critical Mach number.- Critical Mach number M.y
is defined as the free-stream Mach number at which a
local Mach number of 1.0 is attained at some point on
the section, Figure 15 shows the variation of peak
pressures with Mach number for the symmetrical wing at
various angles of attack, It is apparent that the
variations rfor the inlet section do not follow th
normally assumed variation, Prediction of critical
speeds by the usual methods from low-speed data of
this kind would be greatly in error, because of the
high peak pressures invelved. Previous experience
indicates that a very steep pressure gradient can
cause the formation of a local separation bubble which
effectively changes the shape of the body and lowers
the pressure peak as My, 1s increased. A separation
bubble of this kind is evidently produced on the upper
1ip of the symmetrical inlet section at moderate angles
of attack. Because the bubble is quite small, no large
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incresse in drag results. At the higher angles of attack,
however, serious seraration tekes place over the lips.,

Pigures 16 and 17 show the critical speeds at varlous
angles of attack and inlet-velocity ratiocs for the inlet

‘and basic airfoil sections of the symmetrical wing, The

ecritical speed of the inlet section 1s slightly higher
than that of the basic airfoll section near the design
angle of attack because of the effective reduction in
thickness czused by the passage of air through the sec-
tion., Gains in critical Mach numbers of approximately
0.02 over those obtained for the basic airfoll sections
were found for the symmetrical inlet section. These
gains are somewhat less than the values of Oafi%5 o
to 0.,0L.0 obtained from extrapolating the results of the
low-speed tests of reference 1 and the. low-speed data
from the present Investigation. When the angle of attack
1s reschéd beyond which the critical speed ls governed
by the pressure.pesaks on the inlet lips, the critical
apeed of the inlet sectlon i1s reduced below that of the
basic airfoil secticn. The extent of the angle-of-attack
range for high critical speed 1s a funcilon of inlet-
velocity ratio. . '

A similar gain in critical Mach number was found
for the medium-camber inlet section. A comparison of
figures 18 and 19 with flgures 16 and 17 indicates that
a moderate amount of camber improves the critical-speed
characteristics in the range beyond the design angle of
attack without annreciably affecting conditions at the
design engle. Pigures 20 and 21 show, howsver, that a
large amount of camber changes the shape of the lower
inlet lip to such an extent that the critical speed near
the design angle of attack is seriously reduced.

Internal-Flow Conditions

The variation of Vl/VO' with angle of attack for
the three inlet sections with various exlt areas are
shown in figures 22 to 2L, . The inlet-veloclty ratlo,
in most cases, decreased slightly as the angle of attack
was changed from the design angle of attack, malnly
because of internal-flow separation at the entrance.

Total-pressure-loss-coefficlent data for the  inlet
section of the symmetrical wing is presented in figure 25
as a function of angle of attack, The angle-of-attack
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range for low total-pressure loss was small, particularly
for high inlet-velocity ratios., Tuft tests showed that
separatlon occurred on the inside of the inlet lower lip
et ag = 2° Vl/y = 0.5%; this separation led to an
immediate sbarp rise in AH/QO as the angle of attack

was: increased further. Because of increased entrance
losses, AH/q, rises with increase in inlet-velocity
ratio. Similar intermal-flow characteristics were found
for the two cambered inlet sections (figs. 26 and 27).

Changes in inlet~velocity ratio and total-pressure-
loss coefficient with Mach number were small., The angle
of attack at which internal separation began did not
change appreciably with Mach number,

A tuft test was made to investigate the flow in the
vicinity of the inlet end-closure of the symmetrical wing,
The test showed that, as the angle of attdcv was
Increased, both internal and external separation occurred
first in the end-closure section of the inlet. Further
development of inlet end-closure shapes is shown to be
necessary.

Section Characteristics

Profile drag.- The results of the profile-drag
measurements for the three wings are given in figures 28
to 30, The values of the profile-~drag coefficients
presented rfor the inliet sections include both internal
and external drag, and the internal drasg for each con-
flguration 1s also shown. Inasmuch as the change in
internal drag with Mach number wes small, data for
cnly one Mach number are nresented,

The minimum values of L for the inlet and the

basic airfoil sections of the symmetrical wing are
approximately equal at medium inlet-velocity ratios.

At the highest V3/V, tested, no low~-drag range exists
(fig., 28(e)). Because the intorndl drag for this condi-
tion is very low, the high drag is be11cveﬂ due primarily
%0 the flared ex 1t that was requ¢red to pvoduce this high
inlet~velocity ratio. (See exit details, fig., 1.) Inas~-
much as flaps are usually used in connection with trailing-
edge sir exits to obtain high flow rates, high drag for
this condition is usually encountered. Some reduction
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in this drag may be obtained through anrovemenuu in’
design. At the lowest test wvalue of V1/Vg no low-

drag range exists (fig. 23(a )). Because of the high
local angle of attaCK of both inlet lips, pressure
peaka occur and preclude the existence of laminar flow

over both external surfaces. The drag coefficient at

ag = 1° is less than at ag:'= 0° because the pressure

peak on the lower surface has disappeared and some
laminar flow exists on that surface.

The low-drag range is smaller for the inlet section
than for the basic airfoil section., The extent of the
low-drag range decreases as 'Vl/Vo decreases because
external-flow conditions become more critical at low
values of Vq/V,. The drag of the inlet section beyond
the low-drag range (above approximately I°) increases
at a much greater rate with angle of. attack at low
inlet —ve1001tv ratios than doss the drag of the basic

g Ro L seotlon.. Examination of the internal-~drag- data
shows that this stesper slope 1s due principally to

‘*gnfavorable external-flow conditions.

The medium-camber wing shows the same genera] drag
characteristics found for the symmetrical wunq, except
that the low-drag range is somewhat greater and the
center of the range is shifted in the positive angle-of-
attack direction. The shape of the upper lip has been
improved by cambering and the lower lip has been impaired
only slightly.

For the high-camber wing, the minimum profile-drag
coefficient of the inlet section at ail values of Vy/Vo
1s higher than that ‘of -the basic airfoil section, The
drag rise is rapid at angles of attack below the angle for
minimum drag, largely because of sepa aration over the
lower lip of the inlet. At positive angles of attack,
geparation over the upper surface causes a rapld rise
in drag, - From observations of the wake profile and
pressure-distributions, this separation was found to
occur back of the maximum-thickness station. The

profile drag could not be accurately measured because

of “the extrcme width and rapid fluctuations of the wing
wake., At high Mach numbers, the separation became’

. gsevere over-both the inlet and the basic airfoil sec-

tions at all angles of attack.. The camber for «c¢j = 0.50,
used with a thlokness ratio of 13.9 percent, apparently
results in sections with serious flow=s parution tendencies,
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The minimum values of cdo and the width of the

low-drag range for the basic airfoll sections of the
three wings tested are in agreement with values cobtained
from two-dimensional tests of similar sections (refer-
ence 3).

Pitching moment.- The variations of section
pitching-moment coefficlent with Mach number are of the
same order for the inlet and the basic airfoil sections
of the symmetrical wing (fig. 31). At the low inlet-
velocity ratio a larger variation of pitching moment
with angle of attack occurs, because of alteration of
the chordwise 1ift loading by pressure peaks on the inlet
TTps.. ‘

~ The same general trends are indicated for the
medium=- and high-camher wings (figs. 32 and 33). Larger
changes in pitching-moment coefficient with angle of
attack and Mach number took place with the high-camber

wing,_probably because of the separation effects pre-
viously noted.

Although not conclusive, these tests indicate that
the addition of a properly designed air inlet to a low=-
drag airfoil section nezsd not appreciably change the
pitching~moment characteristics of the original section.

Iift.~ Section normal-force coefficients are

" presented instead of section 1lift coefficients. Analysis

shows that the two are approximately equal; the differ-
ence is less than 5 percent at meximum 1lift.

Normal-force-coefficient curves for the inlet and
the basic airfoil sections of the symmetrical wing are
shown in figure 3. A considerable deficiency in
maximum 1ift for the inlet section is evident. Maximum
1ift increases with increase in inlet-velocity ratio
because of the improvement of external-flow conditions,
Tuft tests indicated that early separation over the
upper inlet lip is responsible for the low value of
maximum 1ift,

The inlet section of the medium-camber wing, when
compared with the basic airfoil section (fig. 35), shows
only a small loss in maximum 1ift because the inlet
upper lip has been improved by cambering. Both the
inlet and the basic airfoil sections of the high-camber
wing show a decrease in lift-curve slope at angles of
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attack greater than approximately L° as a result of
separation over the rear portion of the section (fig. 26).
The angle of maximum lift was not reached in the tests of
this wing.

The angle of zero 1lift for the two cambered inlet
sections shifts somewhat with inlet-velocity ratio
(figs. 35 and 36). This effect is due largely to changes
in exit failring. The symmetrical inlet section exhibits
very little shift in angle of zero 1lift because accurately
symmetrical exit falrings are easily produced.

The variations of normal-force coefficient with Mach
number are of the same order for the inlet section and
the corresponding basic airfoll section of each wing
(figs. 37 to 39). Data for only one inlet~velocity
ratio are presented because the effect of inlet-velocity
ratio was very small for moderate values of 1ift.

Modifications

Two. internal inlet-lip modifications, which were
designed to improve entrance conditions, were tested on
the inlet section of the symmetrical wing. Modifica-
tion A was an arbitrary fairing involving no change in
lip radlus; modification B was the same as modifica-
tion A with a 50-percent increase in 1lip radius (fig. L4).

The results show (fig. [40) that an addition to the
lowsr 1lip of a simple fairing such as modification A
increases the angle-of-attack range for low total-
pressure loss in the inlet from 4O to 8°. Tuft tests
showed that the fairing increased the angle-of-attack
range by delaying internal-flow separation off the inlet
lower 1lip, The results obtained with modification B show -
little improvement over results obtained with the original
inlet., The larger lip radius apparently nullifies the
effect- of the fairing and produces, in:addition, an
unfavorable effect on the external flow.

Design Considerations

The angle-of-attack range through which low inlet
losses and low section drag are desired is approxi-
mately 79, or from high-speed attitude to climb attitude.

The data indicate that the original inlet shape. (shape 9
of reference 1) does not have the desired range.
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Tests of the inlet section of the symmetrical wing
with modifications A and B indicate that the angle-of-
attack range for low inlet losses can be easily increased
to a satisfactory extent. No tests of -external modifica-
tions, -as :such, were-included in ‘the. present investiga-
tion.  Tests of the cambered wings indicate, however,
that increasing the curvature of the inlet upper lip
*.results in an improvement .over the original section. :
Uripublished data from wind-tunnel programs in which.
wing ‘Inlets were developed for specific alrplanes .-
corroborate this finding and show that an appreciable
gain in maximum 1ift can be realized by improving the -
flow over the inlet upper lip. These development programs
indicate also -that :judicious use of 1lip stagger .beyond the
amount produced by camber can improve both internal- flow
conditions and maximum llft ;

The-tests lnalcate that cambering a symmetrical
inlet section by normal methods (reference 3) is
unsatisfactory in the vicinity of the inlet lipsg. .

The inlet lower 1lip, because of decreased curvature

due -to eamber, produced an adverse pressure distribution
at  the. design angle of attack on th@ medlum-and hlgh—
oamber w1ngs .

. A method -for fitting an inlet sectiontto a .given
airfoil section has been described under the design of
the medium~-camber wing. The characteristics of the  °
~inlet section produced by this method depend, of course,
upon the characteristics of the inlet section .from which
this section is designed. In addition, the procedure
merely utilizes.normal cambering methods and ‘doas not
give needed speclal consideration to the inlet lips.-
The medium=-camber inlet, therefore, evinces the same
limitations found for the original inlet section except
for ‘the slight improvement due to camber. AS a general
method of application, the procedure is indicated by the
tests to be'uatisfac+ory from considerations of pressure
distribution, Qrag, and critical sneed near the design
angle of attack .

-Further development 18 apparently needed to produce
useful efficlent inlet shapes. Satisfactory section:
! characteristics must be available: for sufficiently wide
ranges of inlet-velocity ratio and angle of attack.

» .
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CONCLUSIONS

1. Tests at high speed of three wing-inlet models

- designed from one of the best wing~inlet sectlions

developed in a previous investigation at low speeds
showed that the inlet section has minimum section drag
comparable ‘with that of a similar low-drag plain airfoil
section and has negligible inlet losses near the design
angle of attacx. A properly designed air inlet can be
installed in a low-drag wing at virtually no cost in
external drag. :

2., Critical Mach numbers approximately 0,02
higher than those of the basic airfoil sections were
found for the symmetrical and medium-camber inlets,
These values are approximately one-half the gains
indicated by extrapolation of low-spesd data from the
previous development program or from the present investi-
gation. '

3, The inlet section 1s quite sensitive to changes
in angle of attack. Adverse effects are produced on the
inlet lips that result in small angle-of-attack ranges
for low drag, high critical speed, and low entrance
losses. A considerable deficiency in maximum 1i1ft, as
compared to the maximum 1ift of the baslc airfoil sec-
tion, results from unfavorable flow conditions over the
inlet upper lip for the symmetrical and low-camber inlet
sections,

i, Introduction of a moderate amount of camber
i{mpréves most of the section characteristics and the
useful angle-of-attack range. The improvement is due
primarily to the increased curvature of the upper Ialisi
which reduces or-delays the adverse effects Incurred
by the original shane. - The decreased curvature )
of the lower lip, however, oproduces adverse effects,
indicating that special methods must be devised for
cambering inlet sections. '

5. The variations in inlet section characteristics
due to compressibility were, in general, quite similar
to the variations found for the comparable plain airfoll
section.,

£. The method devised for fitting an inlet section
to a basic airfoil section (used in the design of the
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medium-camber wing) is shown by the data to be satis-
factory, as compared with the original symmetrical
section, with regard to pressure distribution, critical
speed, and drag.

7. Further development 1is apparently needed to
produce efficient inlet shapes from which satisfactory
wing inlets for any desired ranges of inlet-velocity
ratio and angle of attack can be designed and adapted
to a wing sectlion having any design camber.

Langley Memorilal Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va.
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TABLE I.- MODEL ORDINATES
Ordinates in percent chord

"ON ¥OV VOVN

Symme trical wing Medium=-camber wing
ms::c:i:!i:oil Inlet section Basic airfoil section Inlet section
Uop::r;:xgeiover Upp::r;z:g.ionr [Upper surface | Lower surface Upper surface Lower surface
x y x y ya x 2 x y x y x Ja x Y x Y4
) 0 5 .083 0 0 0 0 =0.567] 2.8li6 J==cccas|=st-= 0.567|2.016| =====5| 22222
.5 |1.508 .5 ;.3%3 ? .283| 1.404 .717]1.208 -.osg 5.%59 o.oéz 2.557 1.%55 3.287| 0.933|2.546
.15 1.312 .75 3.97 .50i 1.712 .992|1.446 .208| 3.687 .g% 2.800| 1.292 3.212 1.150]2.525
1.25|2.283 1.25 ﬁ.zza .979| 2.19 1.521 )17 .12 3.025 .883(2.892| 1.771(3.608| 1.617 2.37
2.50|3.079 2.50( 4. 745 2 157 & 2.812 2.5&2 1.996]| L. 2.179 5.132 3,004 ﬁ.ooh 2,821 z.hoz
5.00 ﬁ.175 5.00 2.532 6L2 ﬁ.h 7 5.358 5'é22 L.508 5.522 L.725 5.53% 5.492[L.612| 5.275 2.30%
7.50/5.037 7.50[ 6.137 [Straight 7721 z.zﬁz .879 ﬁ' 6| 7.025( 6.729| 7.250 3.9 7.273 5.0%6 7.750 2.532
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TABLE I - MODEL ORDINATES - Continued

High-camber wing

Basic airfoil section

Inlet section

Upper surface

Lower surface

Upper surface

Lower surface

x y x y X vy Ja X Yy Ja
0 0 0 0 -1,021 o167 | —e--- 1,021 167 | =-ae-
.100 1.617 .900 1.292 -.512 E.ng 3,042 1.512 2.532 2.833
.30L 1.779 1,196 1.329 -.zgg . 083 3,125 1.729 3,625 2.220
.2 2.571 1.738 1.879 .3 u.hzl 2,250 2.192 «T19 2,625
P NOTT 3,633 z,083 2.0, 1.600 0.2 3.667 3.%00 .050 2.417
%.35& 5.16 g.éhé 3,083 %.1u6 6.20 .292 g. 58 u.%25 2.167
.829 6.32 175 3,587 .679 g. 87 L;.8%3 .321 L. 59 1.917
13.321 T.425 10. 679 6.9 2 1Z.21 .321 5.232 10.72& .887 1.730
« 350 9.072 15.6%6 .5 .23 9.679 6.083 15.Z 5.187 T g

13. 12 10. 3L 20.503 5.0 13.3 3 10.746 6.750 20.617 s.uo% 1.45
2L.l9 11.342 25, 5.30 2L.k79 11.592 g.u17 25.521 5.55 1.375
29,592 12,100 20.417 5.5%3 23.5 3 12.2 .000 30,01 5.675 1.333
3L, 69 12, 5.304 | 5.675 31,692 2.7 8.1458 5.30 5.737 | 1.335
.80 12,983 0.192 5.750 .808 12,99 B.gso 0.192 5.762 1.&75
933 13,117 L,5.067 5.230 .933 13,117 8.875 L5.067 5.750 1. 55

50.067 13,050 uﬁ.9ga 5.683 50.067 13.075 8.@17 hﬁ.9 3 5.238 1.l

2l 12.7046 oly.7 5.529 55.217 12.8l6 8.8%3 54.7383 5.629 155
60.412 12,150 Zﬁ' 8 5.267 60.425 12.1,00 8.625 59.57 5.517 1.667
65.558 115192 : 837 6&.%71 11.625 8.833 62.2 5.350 2.000
70.583 3.708 69.417 l4.200 70. 2 10.533 Z' 33 69. 3l E.ozs 2.375
5.235 .083 h.475 5.%50 gs. 9.167 .833 T .EE% .533 2.232
0. g 6.329 53.571 2.637 0.588 2.637 .333 . 3,96 1.583
85.30 h.SlZ 8li. 672 1,800 85.454 .017 .292 .5%6 3,300 1.625
90.179 2.7 89.821 .987 90.333 L.383 3,833 83.6 7 2.625 2.042
95.062 1.112 4. 937 87 95.212 3,000 | ==ee- 9L.787 2,175 | ===--
100 0 100 0 100,096 1.979 1.925 99.904 1.979 1.925

L.E. radius = 1,808

Fairing point

™

= e n

e M
.

=-0.717, ¥ = 3.000
.E. radius center

-0.771, vy = 3.237
. radius = 0,250

Fairing point

x = 1.237, y = 2.896

L.E. radius center
x = 1.292, y = 3.125

L.E. radius = 0.250
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NACA ACR No. L4118 Fig. 3a,b

(a) Air inlet.

505’0 34094

(b)) Air outliet.

Figure 3.- Details of inlet section of symmetrical wing.
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Fig. 9c NACA ACR No. L4I18
— 32
o,
—26 (akg)
v=2
° 0
-Zﬂ' a /
=2
-2.0 2
—— Upper surtface
) ___Jower surface
Q
<Q)
N
2 -2
b === cr
% T\M Y /cr F\>/<>/’ _\?
Q | H—o— IR
-8 2 —Jt:§t:\::*~9——-_—— A
T ’;i:iﬁff;;:::fﬁﬁ
} /A""‘—’_‘V_ o = /;,4%
) ] = ;:;£* 1=
‘8_4_ %-/’ T 7T b ¥
N g ///‘E;, o
Q ik 4
b/ L Z
el
o) § e
7 /%
4 Ef Y
J .l chi:IATIr'%MF'BR AGRONAUTIES
8 In/ev‘ Sec 770/7 7 Sgs/c qiritor/ secrtron
/- 0.53 O N Y R
o /0 20 30 o /0 20 30

Percent chord Fercen? crrord

(¢) My = 0.65.

Figure 9,- Concluded,




NACA ACR No. L4118 Fig.

(4]
m
[ g
K -28 .
e,
(@eg.
-2.4 o P
e /
0, L.
NN
i S o X
Qe < = — Yppersvriace—]
*‘ < ———-Lower Surtace \»\
N ]
Q_sp 1 > By e
e > Foa— ]
8 | e
Q “'8 “ == e 4"/’{
[\ ol B IS |
3 o | L j
0 ~ P 7 £ ot Y
g o % ?‘/—V /—VI/“ -
Qf J' e 4 f/ &= ';4
e — : A =
0 n/% ol O ,:r/ s ’T/ o i
‘{f ////c | oy ,,/[/ =
T 5/ M il B
= /7 -
4 f’p : L
2/ i
7 | N T >
NATPNAL
8 ((f _ ' f //// __ foummipe FO‘RA vm“mh
J Inlet section or |Basic awrfor/ section
| /4= 053] o SRS HN S e
@) /0 20 30 o) /0 20 30

Fercent chord Fercen? clora

(8.) MO = 0.20.

Figure 10,- Pressure distributions over forws—d portdion
of medium-camber wing for variouc a2ngles of attack,

10a




Fig. 10b
-36
-JR
)
(@eg)
“R8 v=2
ON()
&/
-K‘ - Z
L
-£0 > &

2
- Upper surtace
T

T T '
-~ —Lowep Surface

~, P
~L
o
/v’

N
O 4
AR = e
3 —
8 {
AN
g'ﬁ é{k/ //IL’—/T?
2 "v/"/ —]
‘{%- L \‘ji/
g | <
‘iﬂz =
o 4 — 4
A== —
7 //
A 55
¢ A
@/
8 fia In et sectron
’ I V,/VDOO-5J
3 e |
(0] /0 20 30

Percenr chord

(b) My = 0,40,

Figure 10,- Continued,

NACA ACR No. L4118

[
T
I

- // | P
v "A%-——v— =
/ ——
WA= =
A A -9 s
-. A7 7 - P = :’
il 5 -1 .
o 7 //\(7/
o | 4
N NATIGNAL ADYISORY
ﬁéﬂ N t*:MMl FOR AHRONAUTIES
vV & P
£ | Basic airfoy sectror
i
0 10 20 20

Percent chord




L-732

NACA ACR No. L4I18 Fig. 10c¢

32
= =
o (dc&)
v 2
-24 ° 0
a /
A2
Q:g'o —— Ypper surface
. - — — Lower sur{ace
¥ h
36 1
N
‘Q I
& G4 ‘er Y e /J?
-AR H-
;8) \ /5/ (///,0
v
g. kz_(/‘ _x Z_ T 149
A[ ] 7 P// / /
‘t—4. ¥: / e W o8N
: -4- 1 — V;f/’xr";~4
S Alaas
0 Q B = = - >
o NATIONAL ARVISORY
4’/7 COMMITIEE FOR
'4- i
Zney, secrion | | Basic arria// sectior
8 V/V= 0.9
o 10 y /] 30 (@] /0 ~0 30
Lercern? chHore! Percernr crors/
(ec) ¥, = 0,60,

Figure 10,- Concluded.




Fig. lla NACA ACR No. L4I18

OCO
- @eg)
1 Y
24 ) g
° 4
=20 )
Q_’:\ ——Upper Sarface
Y2 i
L
\% 7 12 >\>\d\{>\\¢>
g -8 . ‘//‘;:i
s T e
¢ \ // -/ ///
Q !
"f% \/; ///A

0 Ff\q ‘c:::‘—jf%::':—%_ 17 ——_'__-_‘:::_?

_— i = ——=
% jc// ’/j(/’//e | //j>//
A . // A T P ( P
,4 ) // Z & Il ,;/ -
: ? ) Ly
[/ ] o / , ,
,5! In?v‘ sectror i Bas/c qurtor/ secron
8 L i/ \b=0.65 W/ | |
h é’ / NATJONAL ADVISORY
,,L l COMMIY‘EE FOR ERONAU"ICS
0 /0 p9) 30 0 /0 20 30
FPercent chord Percent chord

(a) M, = 0.20,

Figure 11,- Pressure distributlions over forward portlon
of high-camber wing for various angles of attack,




NACA ACR No.

Fressure coefficient, /P

L4

118

20
Percent chord

(b) M, =0

. 40,

=2
y Sy
-28 (deg)
I v =2
f 0
|
-2 |4 /
S | )
| o 4
-20 p_©
|
| ——  Upper surface
| -—- Lower surface
=l6 }
|
|
7 PP~
01 \ 5
= {
-8 ! ,————t!’//
- % = ! =
3 B
2 fo //
B
j —
0 NI e |
|-=<--=3
Poal B—
4 =al
;,,' ' Inlet Seclion
8 Vills = 0.55
!
T
0 /0 30

11b

Fig.
> ]
gﬁ \F\\»
>/ —
4 /
\
[ Lk /r/
R
/ -
ﬁ"’é e o e e b ]
A,. |—/ '_‘_’i i (o S —_:_;
4l =, il L~ i
O ! o >/ e =~ o
I'Ij/ - = 3
#/ A
/
Iy Ba JIC a/rfoi/ S€C7“/O/7
T Mhnowa
COMMIFTEE Fo AER

Figure 11,- Continued,

/0
rers enf chor"c/



Eigeinlilic NACA ACR No. L4I18

o,
24 aeq)
» v -2
O8N 0)
20— oy
; . NATIONAL ADVISORY
: 2 COMMITTEE FOR AERONAUTICS
W -——Uppér surface
Q\"s T T T T |
N | /'l;- ~Lower Surface =
= cr
§ [T 17 K7/
U K
% Ut i 1
\
53163 1. \ ! b //::://7/’ ]
\ 3 7
§ : A | . /6(/ 77/
j > | i T — <%
RN R YA
E" ; 'l' 4 o e = = —
Q R/ R
Ir j{"f
¢ H'/ ' /
4 4 ' '
| _|In/et Section 7 Basic_aiwrfol/ section
q]" V)Y, =055 ;5’/
/ v
iy ¢
l A
0 /0 20 30 0 /0 20 30
Fercent chord Fercent chord

(e¢) My = 0,60,

Flgure 1l,- Concluded,

geL~1




L-732

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

=& -8 Wk
Oe3 + 0.28
x .33 x .33
".6 4 43 = a v 4 3
- 53 b . U8
NER-XJ P — .83
a M I
g # . | Intet section S o Intet_section
' + — e Upper surface i er | surface
T 2 I B i |
Xl & Basic airfoil section / / Basic airfoil section
- o ———Upper surface -2 L —1—-Upper surface
. 7 A
¥ %
: 7 {
N %5 a = an B  a
FPercentr chord Percent chord
(8) qg = 0O, (b) ag = 1°,

Figure 12,- Pressure distributions over forward portion of inlet section of symmetrical
wing for various inlet-velocity ratios. M, = 0,20,

‘ON YOV VOVN

8TIVT

‘814

qQ‘egT



F 4 7 X +
'{
G

SN

i =%

—1

Inlet section
Ypper surfoce

Basic arrfoil section

+ —— Upper surface

/0 20 S0
Percenr” chord

o
(¢) a, = 2°%

<40

Figure 12,- Concluded,

-/6

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

In/et section

Sasic a/rfoil section

Percen? chord

(@) ay = 4%

I Vi
+ 023
| x .33
| Y
y\ = 33
- |
T
—— Upper surface
I\
" — ——Upper syrfoce
\ el
\ =
A
' \\r\
| ] 1 | ]
0 /0 20 S0 L {7

*814

P921

*ON YOV VOVN

8TIV1




' L-732 . :

=
>
Q
>
>
aQ
o
=
::::} o
r‘
é NATIONAL ADVISORY 2
COMMITTEE FOR AERONAUTICS o
™
= R e oy
s . 0.26 s | |+o026
' 2% x .38 ' 1 +  |x .38
i - v L5 [ ——— vy
T 53 *// L— . I3
N | A= |{ a0 -6 7 D »_.80
N | / = [ | / // b [ )
2~ I\ | A Inlet section v/ /4 Inlet section
A /’ —— Upper surface Vot /b
-4 LZ/ ——— Lower surfoce -4 —— Upper surfoce
Y ¥/ ' ’/ — — — Lower surfoce
s / L Basic airfoil section s b
7{~ = o =d==T= | ————UpLer surface i 8 Basic airfoil secton
PR o T ol -.2 J =
. J/{ ' et :i%;;;,’: == Upper surfuce
¥ i1 1
o b/ o X
o /0 20 30 40 o /0 20 30 e {o]
Percerr chord Rercenr chorod
(a) a, = 0% () ay = 1°% =
'_‘-
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Figure 14,- Pressure distributions over forward portion of inlet section of high-camber
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NACA ACR No. L4118 CONFIDENTIAL Fig. 1b5a
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Figure 15.- Variation with Mach number of peak negative
pressure coefficlents for symmetrical wing.
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NACA ACR No. L4I18 Fige. 16,17
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Figure 17,- Variation of critical Mach number with
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Pigse. 18,19 NACA ACR No. L4118
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Figure 18,- Variation of critical Mach number with
£ aagle of attack for medium-camber Winge
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Figure 19,- Variatioan of critlical Mach number with
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NACA ACR No. L4I18 Figs. 20,21
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Figure 20,~ Variation of eritical Mach number with
angle of attack for high-camber wing,
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Figs. 22,23 NACA ACR No. L4I18
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Figure 22,- Variation of inlet-velocity ratio with

angle of attack for various exit areas for inlet
section of symmetrical wing, Mo = 0,20,
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Figure 23,- Varliation of inlet-velocity ratio with

angle of attack for various exit areas for inlet
section of medium-camber wing, M, = 0,20,
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NACA ACR No. L4118 Figs. 24,25
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Figure 24,- Variation of inlet-velocity ratio with
angle of attack for various exit areas for inlet
section of high-camber wing, M, = 0,20,
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Figure 25.- Variation of internal loss with angle of attack
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NACA ACR No. L4I18 Fig. 28a,b

s

o 8\ J / é> / r
I —— Ve /

~ 0 / g—0uo——F %‘ 5;

] /:f{dmf

e o 8 4 £
o<, deg
(a) Inlet section, V1)V = 0.23,
/§
M, &
= o 0.20 / /
02 . 85 | {/
& // ”
% ] V4
0/ é’%\\ - : AL//O
’ \‘“ﬁ\ sig %
n?
J[//>
0 ?\\ — ‘ il l J\//?//I
-4 -2 1o, 2 4 &
L o, deg NATIONAL ADviSORY

COMMITTEE FOR AERONAUTICS
(k) 1Inlet section, vl/vo = 0,33,

Figure 28,- Variation of profile drag with angle of attack
for symmetrical wing,
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Fig. 29a,b NACA ACR No. L4118
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NACA ACR No. L4118 Fig. 29¢,d

L3
NATIONAL ADVISORY
ﬂfﬂﬂﬁztﬁiﬂ$gﬂﬂ§
®

d N PZ!
01 x& L e

O——%
O ?\\4&— & I R S o & dint
—af = o) 2 F 6
o<, , deg
(e) 1Inlet section, V; /Vo = 0,45,
03 v,
© Q2O
O .40

% Szl

0 e S B0 P’/m‘
—L -~ O & 4 >
cx;,cﬁeg

(d) 1Inlet section, Vl/vo = 0,53,

Figure 29,- Continued,



Elge29e f NACA ACR No. L4118
05
2 L 74
Cd ]
o N
\N s A
-0/ N \§;// h |~
X v
B =
0 N o | 9int
— -2 (@, 2 4 o
OCpyde g
(e) Inlet section, V1/¥o = 0.80,
03
0 5%0
o 40
&8 60O
L2 5 oo
C o,
0/ 1
S S S
0
— 4 -2 0, < < o
oC, )deg

. NATIONAL ADVISORY
(f) Basic airfolil sectlon.  CoMMITTEE FoR AERONAUTICS

Figure 29,- Concluded,




L-732

NACA ACR No. L4I18 Fig. 30a,b
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Figure 30,- Variation of profile drag with angle of attack
for high-camber wing,
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Figure 31,- Variation of section
pitching-moment coefficients
with Mach number for symmetrical
wing,
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Flgure 32,- Variation of section
pltching-moment coefficients
with Mach number for medium—
camber wing,
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Figure 33,- Variation of section
pitching-moment coefficients
with Mach number for high-
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Figure 37.- Varlation of section normal-force coefficients with Mach number

for symmetrical wing,
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Figure 38,~ Variation of section normal-force coefficlents with Maoh number
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Fig. 40a,b NACA ACR No. L4I18
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Figure 40,- Effects of several internal-lip falrings on internal
losses for inlet section of symmetrical wing, vl/v° = 0,53,




