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RESEARCH MEMORANDUM

WIND~TUNNEL INVESTIGATION OF WING INLETS
FOR A FOUR-ENGINE ATRFLANE

By Walter A. Bartlett, Jr. and Edwin B. Goral
SUMMARY

An investigetion has been conducted in the Langley propeller-
research tunnel to develep wing-leading-edze Inlets for locatlon
between the 1nboard and outboard nacelles on each wing of. a
four-engine airplene for the Army Ailr Forces. The investigation
included asrodynamic teste of the basic wing and the original inlet,
and the development by the NACA of wing inlets for two verslions of
the airplene. -

The original inlet was found to decresse the maximum 1ift
coefficients and to have critical Mach numbers below those of the
wing with the basic nose installed. The total-pressure rscovery in
the oll cooler ducts was poor regerdless of the inlet installatlon.
As the sharp expanding bend in this duct cannot be avoided, it is
recomended that the oil-cooler air be induced through the cowling
or from soms source other than the subject wing inlet.

Two inlets (nos. 5 and 6) were developed that should be satis-
factory for the airplene. The maximm 1ift coefficients for the
model with Inlets 5 and 6 installed were ebout 1.21 and 1.22,
respectively, with o° wing flaps and 1.87 and 2. 00, respectively,
with 650 wing flaps compared to corresponding values of 1.20 and 2.01L
for the model equipped with the falred basic nose. The predicted
critical Mach numbers for inlets 5 and 6 for the critical military-
power high-speed condition for an sltitude of 40,000 feet were 0.63
and 0.64, respectively, as compared to 0.6k far the thickest sectlon
of the basic wing. Propeller operation (either right or left hand)
caused appreciable Increases In meximum 1ift coefficients and in the
total pressures in the ducting.

INTRODUCTION

An Investigation has been conducted in the Lengley propeller-
research tumnel to develop satlsfactory wing-leasdinz-edge inlets for
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location between the Inboard and ontboard nacelles on each wing of a
four-engine airplane for the Army Air Forces. This high-speed, long-
rense alrplane is powered by four Pratt & Whitney R-4360 engines
which drive four-blade right-hand tractor propellers. Oil-cooler,
intercooler-coolling, and charge air are supplied to the engine
installetion through ducts leading from wing-leadling-edge inleta
located between the inboard and outboard nacelles; the cooling air

is exhaueted through flepped exits on the lower surface of eech
necells while the engine exheuat is discharged through the neacelle
tail. To avold penalizing the performance of the airplane, it vwas
congldered essential that the wing inlets used should not reduce the
meximum 1ift coefflclents or critical Mach numbers below those of

the basic wing, should have low parasite drag, and should provide

a high pressure 1ecovery over the complete range of flight condlitions.

A %*scale semispan mcodel of the left wing of the alrplane was

uged for the tests. The modol was equipped with an end pliate at the
fuselage locatlon to give a wing-1ift distributioh epproximating that
of the left wing of the actual silrplane.

The investigation included propeller-removed testes of the model
with the baslc nose, the original Iinlet, aad 5 inlets constructed
by this Laboratory In the course of the development program. A
previous Investisabtion of wing-leadingz-edge lnlets which served as
a gulde in the development of the inlets ls presented in reference 1.

The configurations were compared by 1ift measurements, static-
pressure surveys on the duct lips, total-pressure surveys in the
intermal flow, and profile drag measured by the wake survey method.
Additlonal temts were conducted to determine the pressurs dietridbutions
on the upper and lower surface of the outboard nscells, the effect’
of the end plate cn the 1lift characteristica, and the effect of
propeller operation (for both right-eand left-hand rotation) on the
lift characteristics and on the internsl total-pressure coefficients.

SYMBOLS

The symbols used in this report are:
c section drag coefficient (d/g,c)
Cy, 1ift coefficlent (L/qS)

Te thrust disk-loading coefficient (T/2q°D?>
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section chord, 3.517 feet at wing station T2.25

c
da rection drag, pcunds per unlt spean
D propeller diameter, 3.917 feet
L 1ift, pounds
a, free-stream dynamic pressure, pounds per square foot
s wing area, 45.235 square feet
T propeller thrust, pounds
¥ projected frontal ares of wing corresponding to span of
portion of inlet under consideration (msasured
perpendicular to chord and between center lines of
divider vanes)
F
(sq %)
Inboard ocil cooler 0.186
Inboard intercooler 453
Inboard carburetor 228
Qutboard cerburetor 219
Outboard intercoocler 32
Outboard oil coolex .16k
Complete inlet 1.682
H total pressure, pounds per square foot
Mcr predicted critical Mech number
P static pressure, pounds per sqguare foot
quantity rate of flow, cubic feet per second
v velocity, feet per sescomd
a angle of attack of root chord, degrees, corrected for Jet
| boundary by the relation o = Coat l-052CL
o] wing-flap deflectlon with respect to the root chord,
degrees
B

.__:;Ekitmtal-pressure coefficient
Q%
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-Ejijil static-pressure coefficilent
o]
2. flow coefficient
FV
[e]
v
- inlet-velocity ratilo o
A
[e]
Subscripte:
c carburetcr ducts
i inlet . ) .. . .. - . . “aa S e
I intercooler
o free stream
0] 0il cooler
t complete inlet

A bar over a symbol denctes an average value.
MODEL AND TESTS

Model. - Drawings of the model and a general view of the model
mounted in the tumnel are presented as figure 1; photographs of the
double slotted wing flaps in the several test positions are shown

The wing Inlet with which the present investigation is concerned
wag located between the lnboard and outboard nacelles. Thie inlet was
divided by vanes Into six separate ducts that simulated those of the
airplane forward of the front spar; these ducte are identifled in
figure 1. Behind the.front apar, nonscale ducts ccnveyed the
internal flow to suitable exlts beneath the nacelles. Shutters were
provided In the ducis Just upstream of the exits to permit control
of the internal flow. '

Cross-sectlonal sketches of the =ix inlet configurations tested
are shown in figure 3 superimposed on cutlines of the basic airfoil
contour. Ordinates for these 1nlets for wing stations 55.125
snd G0.125 are given in tables I through VI. The inlet lips were
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developed by conmnecting with a straight line the ordinates at equal
percent chords at these two wing stations. Ordinates of the basic
alrfoil sections used in the wing are given in table VII. Inlet number 1
was the original inlet furnished with the model; considerations .

which led to the development of the remaining inltets sre .discussed

under the sectlon of the report entitled 'Results and Discuesion'.

Recause the external surfaces of inlets 3 and & were thicker
than the basic alrfoil &t the polnt where the inlets detached from
the rest of the wing, they were faired with modeling clay from that
point to the sectlon of maximum thiclkmess of the wing. Discontinuities
existed in the intermal lines of inlets 4 and 5 Just in front of
the point of detachment because 1t was necessary to maintaein a
reasonable initial diffuser sngle. These disconbtinuities were not
faired because of difficulties incurred in obtaining access to the
inner portions of the model. A detall sketch showlng the position
of this disccntinuity for inlet 5 relative to ths pressure tubes
at the measuring station is given in figure L.

An electric motor of 10G horsepower was instelled 1n each
nacelle to drive the medel propellers. A view of ths right-hand
set of model propellers installed is presented as figure 5; identical
left-hand propellers were uséd in some tests to duplicate the
slipstream conditions for the right wing. A comparison of the
blade~form cheracteristics for these propellers with those for the
Curtiss 1016 propeller (specified as full-scale airplehe equipment
at the start of the testing) is given in figure 6. With the test
blade angle set at 27° at the 75-percent radius station, computations
showed that the thrust-torque reletionship snd the radial load
distribution for the model propellers very nearly dmplicated those
for the full-scale propellers. The propelier hubs were enclosed
in spinners of ellintical sectiions.

Two sets of flush cowling flaps, (fig. 2(c) and 2(e)) were
furnished with the model to permit contrcl of the englne-cowling
air flow. As preliminary tests indicated that changes in the
cowling flow quantities d1d not cause measurable differences in the
flow conditlons .at the wing duct inlet, only the "lang” cowling flaps,
which produced an inlet-velocity ratio of the order of 0.76, were
used in the investigation. _ . o

Ingstrumentation and methods.- Closely spaced f£lush orifices wers
_installed in the inlet surface at wing stations 56.813, 69.750,
end 88.281 on inlets 1 through 3, but only at staticn 69.750 on
inlets 4 through 6 because preliminary tests indicated that the
static-pressure distributions were essentially the same for the
three wing sections. Total- and static-pressure tubes were instelled
at the pressure-measuring stations in the charge-air and interccoler=
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cooling-air ducts of the several inlets (see fig. 1}. Grids

of total-pressure tubes were also installed in the oil-cooler ducts
downstream of the duct bends at the entrances of these ducts to the
nacelleg. Total- and static-pressure tubes were lnstelled 1n the
inlet secticn of the oil-cooler ducts only for lnlet pumber 1.
Pressures in the wake of the nodel were measured by a survey rake
(fig. 2{a)} 1located at a distance of 20 percent of the chord
behind the trailling edge of the wing. DPreseure belts (fig. 7 and
reference 2) were used to measure the static pressure distributions
on the nacelle surface. Pressures in the internal cowling flow
were messured by means of total~ and static-pressure tubes mounted
at four equally spaced stations in the cowling exit.

All pressures over the inlet lips and within the wing ducts
were recorded similtanecusly by photographing & multitube mancmeter;
other pressures were oblained visuzlly from & second multitube
manometer. The average total pressures at each measuring station
in the internal ducting were obtained through sveraging by integration
the faired curves of the local values in both the horizontal and
vertical directions. Internal flow quantitles were obtained through
averaging by integration the local flow velocities calculated from
the pressures measured in the ducts. The value of flow coef-

ficient - given for individuval oil-cooler, Iinterccoler and
o]
carburetor ducts, is for that segment of the i1nlet helng considered,
and mey be higher or lower than the total flow coefficient for the
complete inlet. To aid in the 1nterpr%tatian of the data, curves
i

for comverting inlet-velocity ratio T to total flow coef~
o
ficlent 7§g%7 are given in figure 8 for all the inlets tested.
t¥o

Lift measurements were cbtained by mesns of the recording tunnel-
balance system.

Tegts.- The model was mounted at 0° dihedral for the tunnel tests.
Jury struts allowed the model to be positioned at any geomeiric angle
of attack between -8° and 23

Preliminary tests were cunducted with the mmber 1 inlet
installed to determins settings for the wing duct exit shutters that
would provide approximately uniform entrance veloclties acrose the
duct inlet. The exit shutter calibrations thus determined were used
to set the inlet-velocity ratios for all other wingz-inlet configuraticns.
As the quantity of flow through the oil cooler ducts was measured
only for the number 1 inlet, the flow gquantities through the oil
cooler ducts of the other configuraticns were obtained from the exit-
shutter calibration; this procedure appeared to be Justified an the

I‘I:-
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basis of the observed canstency of the flow through the other ducts
for given shutter settings despite chenges in the inlet coni‘igu-
ration..

In teste to obtein aerodynamic date on the basic wing, a solid
leading edge replaced the duct inlet end the duct exits were sealed.
The 11ft cheracteristlics of the model were d.e'bermined. through a
geometric angle-of-attack reange from -8° 0 23° for wing flap
deflections of 0°, 20°, 65°, and 65° with flaps continued under
nacelles. The nacelle surface-pressure distributions were measured -

slmultaneously with the 1ift at geomejbric angles of attack

O (o] .
of 0°, 5°, 10, and 15 . Wake surveys, for the determination of

the section drag coefficients, were obtained at a geomstric a.ngle
of attack of -2° behind model wing station 72.25.

The lift and sectiom dra.g characteristics of the model with the
various inlets instelled wers determined in the same manner as -
described 1n the preceding peragreph over a rangs of flow
quantitles through the varicus ducts.

Total-pressure recoveries and surface-pressure distributions
with the various Inlets Installed on the model were nieasured over
a range of flow and 1ift ccefficients that would allow the coverage
of the range of flight operations. Total-pressure recoveriesa were
also msasured in the propelisr-installed conditions over a wide
range of thrust coefficlents. .

All tests were cond.ucted. in wind velocities of about 100 miles
per hour with O Oe.nd 20° wing flap deflections, and & miles per
hour with the 65 deflection. Corresponding Reynold.s mumbers based
on the mean aerodynemic chord were about 3,000, OOO and 2,400, 000
reapectively.

. RESULTS AND DISCUSSION

Lift data are presented in fipwes 9 through ll; section drag
coefficiente for several of the configurations are compered in
Figure 12; surface-pressure distributions and predicted critical
Mach numbers are given in Figures 13 through 16; and pressure deta
obtained at the messuring stations in the ducting are presented
in figures 17 through 19. The effects of propeller operation on
the 11t characteristice and on the pressure recoveries in one
compartment of the inlet are shown in figures 11 and 20 s respectively.
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Basic model.- The maximum 1lift coefficiente for the baslc model
with the duct exlte sealed and faired vere 1.20, 1.54, and 2.01 for
wing flap deflectioms of 0°, 20°, and 65°. (See £i1g. 9.) Extending
the flap under the nacellee as shown in figure 2(d) decreaced the
maximum 11ft coefficlent with 65° flap deflections to 1.9%. A
gimilar decresse wase reported in reference 3.

In the course of additlonal tests of thie model in the
Langley 19-foot pressure tunnel, a maximm 1ift cocefficlent of 1.39
was obtained for the basic model with 0° flape at a test Reynolds

number of ebout #,500,000. A reflectlon plane was used in these

testa in place of the end plate used in the present investigation.
Data given in reference 4 indicate that the difference in end
conditione would account for differences in meximm 1iff coefficlent
of the order shown. An end-conditlon correction gupplementary te
the standard correctlons must be applied to the 1ift data 1n thie
report 1f these date are to be used for cther than comparstive

purposes.

The sectlion drag coefficients for the basic wing at a = —Q.ho,
conputed from wake eurveye by the method of reference 5, were 0.0077
et wing etation T2.25 midway between the nacelles and 0.0072 at
wing etation 113.75 outboard of the outboard nacelle. (See fig. 12.)

Distributions of statlic pressure on the top and bottom surface
of the outboard nacelle are shown in figure 13. These data show
that a greater pressure difference across the cocling ductes could
be obtained in cruising and climbing flight by locating the duct
oexlts on the top of the nacelles rather than on the bottom where
they are located at present.

Inlet number 1.- Inlet number 1, the original inlst furnished
with the modsl, had & large ratio of inlet height to maxlimum wing
thickness, a lip-stagger angle of 16.5%, and a lower lip vhich
extended well below the contour of the baoic airfoil. (See fig. 3.)

Lift characteristice of the model with the nwmber 1 inlet
installed are presented as a function of angle of attack in
figures 10(a) and 10(b) for flap deflections of 0° end 65°. Increases
in the rate of flow caused consistent increaees in CL :Tor
max
the 0 wing flap configuration but hed little or no effect on

Cr, for the 65° wing flap configuration. At the maximum rate of
max :

internal flow investigated, substitution of inlet number 1 for the

baslc nose caused large reducticns in C a8 shown in the

L
following table: max
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| ] T2 ]
- . 8 i . | c
= ——— 3 5 L g
=l _ (deg) | Fgv, mex |
: = T g i e
Bagic nose ' ' — ' 1.20
o :
Inlet no. 1. .} 0.12h l 1.05
o e s - z ..._.-‘;_ — T -
Besic nose o ___ ‘bog.on b L
e 65 P :
Inlet no. 1 0.136 ° * L.tk )7

For o = -2.4°, the section dreg cosfficlents for wing
station 72.25 with inlet 1 installed on the model (fig. 12) ranged
QG - oo Qy
= 0.06 to about 0.0097 at —— = 0.130
FeVo o FtVo
as compared to the value of 0.0077 for the basic wing.

from about 0.0107 at

A representative statlc-pressure distribution over the surface
of inlet number 1 at wing station 69.75 (fig. 1) shows that a high
peek negative pPressure gocurredon the lower infet lip at

ii’%- = 0.057 for CL = 0.25, a conditicn corresponding to high-
t¥o - : : _

speed flight at low altitudes. A similar pesk pregsure occurred on
the upper iip at _Q':’S_. = 0.104 for CL =.0.45, a high-spéed.

F'bvo 4 ; . o
condition for high-altitude flight. A number of modifications were
made to "the lip shapes, therefore, in an atbempt to eliminate these
pressure peeks. These modifications were msde by filing the inlet
lips to new contours for a span 2 inches on either side of wing
station 69.75 end then fairing graduslly spanwise into the original
1ip shape. The final modifications shown by dotted lines in Figure 14
resulted in large reductioms in the negative preasure peaks. The
Predicted critical Mach numbers for each lip {fig. 15) were computed
according to the method of reference 6. The predicted critical

Mach numbers for the inlet at f‘%;:cr = 0.096 , the flow ratio for
t'o

high-speed flight at military power at h0,000 feet, are compared

in figure 16 with the envelope of critical Mech nuibers for the

desired airplene performance. At a CL of approximately 0.k,

vhich corresponds to the high-speed flight condition at an altitude
of 40,000 feet, the predicted critical Mach numbers for the inleh
are shown to be much lower than the desired values.
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Total- pressure distributions at the measuring stations in the
internal ducting of inlet 1 are shown for high-speed and climb
flight configurations (propeller removed) in figures 17 and 18,
respectively. The totel-pressure recoveries were satisfacliory
at the low flow and 1lift coefficient (fig. 17); but at the higher
flow and lift coefficient (fig. 18), while the recoveries in
the carburetor duct were satlsfactory, considerable losses
occurred In the lower half of the remaining ducts and throughout
the oll-cooler ducte. The losses in the intercooler duct are
attributed to separation of the flow from the lower lip of the
inlet, while the low recoveries in the oil-cooler ducts were
cauged by excessive losses through the 90° bends shown in figure 1.
Total-pressure msasurements along the sides of the nacelles at
the inlet showed that the boundery layer entering the oil-cooler
ducte was comparatively thin and 4id not appear to be directly
responsible for losses of the magnitude shown.

Linea of constent total-pressure recovery at the measuring
station in the number 1 inlet are plotted as functions of

F—%- end C_ 1in figure 19(a) for the individual ducts.
(o]

Superimposed on these curves are the operational flow limits

requlred by alrplane specifications. It is pointed out that the
operational flow range of the oll-cooler ducts was not covered, as

the reguired values of - % - were not obtalnable with the high

o
losses present in these ducte. The remaining ducts had fairly

satisfactory total-pressure recoverles EE_:;EQ over most of the
9
operaticnal range, except at combinations of high values of CL

Q
and —-.
¥V,

Inlet number 2.- In inlet number 2 (fig. 3), the lower lip
wag brought nearer to the chord line and the height of the iInlet
was reduced by about 10 percent below that of inlet 1 (thereby
increasing the design inlet-velocity ratios) in an attempt to
increase the critical sgeeds for the inlet; the stagger angle
was increased from 16.5° to 26° in an attempt to improve the
Pressure recovery at high angles of attack.

The maxirmm 11ft coefficlents O = 0° were not obtained with
the number 2 inlet instelled (fig. 10(c)}) as the geometric angle
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of attack could not be Increased sbove 230. The highest values
of Cp, obtained were of the same order as those of inlet 1 for
compareble flow coefficientas. The criticael spseds for this inlet
even after development were of the same order as of the modified
number 1 inlet over the renge of desired airplane performance
and flow ratios. (See figs. 1k and 15.) These tests indicated
that even major modifications to this inlet would not lmprove the
1ift characteristics or critical speeds; conseguently tests of

this inlet were terminated in favor of subsequent deslgns.

Inlet number 3.- In inlet number 3 (fig. 3) the inlet height
was reduced approximately 25 percent below that of inlet 1 to
further increase the design lnlet-velocity ratios; the lips were
extended forwerd gbout 3 inches to lncreasse the fineness ratio
of the inlet section and to reduce the internal diffuser angle.
The lip stagger angle wes increased from 16.5° to 25° as for
inlet 2, and the nose of the upper 1lip was dropped closer to the
chord line to regain some of the camber in the upper 1lip lost
through the extemsion of the lips.

The maximum 1ift coefficient for inlet 3 at & = 0° (fig. 10(d))
wag equal to-that for inlet 1 (fig. 10(a)) at the same Tlow

coefficient - F% = 0.133, and the critical speedscf inlet 3 °
£V, o . '
(figs. 1k and 15) were comsidersbly higher. Tests of this inlet
were terminated as the meximmm 11ft charecteristice obtained with
inlet 2 ins'talled showed no improvemsnt over those for inlet 1.

Lr_l_.'Let number U.- Previous experience indilcated that increases
in C can be obta.ined. by incressing the upper lip canmber. As
ma.x

the mexizum 1ift cheracteristics of inlets 1 through 3 were
unsatisfactory, the camber of the upper llip wae increased by
reducing the lip extension to approximately 1.6 inches and by
dropping the uvpper lip so that 1ts nose radiue was nearly on the
chord line, thereby decreasing the inlet height U4l percent below
that for inlet 1. (See fig. 3.) The lip stagger was further
increaged to 310-, which reference 1 indicates is approximatel; the
maximum stagger that cen be used wlthout penallzing the pressure
recoveries in the inlet at low values of 1ift coefficilent.

The maximum 1ift cosfficients for the modsl with inlet ll-
installed (fig. 10(e)), were 1.07 and 1.76 with the 0° and 65°
wing flaps, respectively, at a flow ratlo of O.1lk. These values
ere each sligh":,ly higher then corresponding values for inlet 1
but are still considerably lower than those for the basic wing. The
section drag coefficlents for this configuration (fig. 12) were of
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the order of 0.008l as compared to 0.0077 for the basic wing and
were the lowest of emy Inlet configuration tested. The critical
speeds for this inlet (figs. 1k, 15, and 16) were higher than
those foir* the other inlets tested over the more important portion
of the operating range.

Inlet number 5.- In inlet number 5 (£ig. 3) the previocusly
employed lip staggsr angle of 31 was retained bubt the 1lip
extension was reduced from 1.4 inches to 0.9 inch. The inlet
height was 40 percent below that of inlet 1 to give inlet-veloclty
ratios approximately equal to those for imlet I, and the center of
the nose radiuvs of the upper lip was located on the chord line
to further increase the camber. To obtain as high a critical speed
ag possible with the added camber, the well established high-critical-
gpeed 1nlet ordinates of refersnce 7 were applied to the upper lip
by uvelng the chord line of the alrfoll as the reference line and
the dilstance from the nogse of the 1ip to the point of maximum airfoll
thickness as the length of the section. IExcept for a greater ratlo
of inlet height to maximum wing thickness, this inlet configuration
closely resembled the best inlets reported in reference 1.

The maximum 1ift coefficients for the model with inlet 5
installed and with propellers removed, figures 11(a)} and 11l{(c) are
compared in the following teble wlth corresponding data for the
basic model and for the model with inlet 1 installed:

™ —T
' Q V.
Inlet 8 i 2 1o
{(deg) FeVs Y max
Baslc nose , bo- - - F SN i 1.20
No. 1 0.. | 0.133 ' 0.4g 1.05
No. 5 R R B 7o S 877 : l.e1
Basic nose P - - - I 12.01
No. 1 65 i .138 503 1 1.7k
[ No. 5 ' 158 990 | 1.87

The maximvm 1ift coefficient for the model with inlet 5 1nstalled

was slightly higher then that for the basic model for the 0° wing

flap condition, but was stlll 0.1k less than that for the basic

model with 65° wing flaps. A eimilar increase in C, for 0°
“max

flap deflection, and decrease with 65° flap deflection with an inlet
instelled from that of lhe baslic airfoil is presented in reference 1.
The meximum 1ift coefficients for inlet 5, however, were considerably
higher than those msasured for the original inlst.
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The section drag coefficlents measured for inlet 5 (fig. 12)
veried from 0.0087 to 0.0096 as comparsd with O.D077 for the basic
wing and, although higher then those for inlet 4, were mich lower
than those for inlet 1.

‘The critical speeds for inlet 5(figs. 1k, 15, and 16) were
congistently higher than those for inlet 1 but in general were
lower than those for inlet L, the highsst critical-speed configu-
ration tested. For a typical high-speed high-altitude flight

condition at C = 0. ko and E__- = 0.096 (fig. 16) the

tVo
predicted critical Mach number for this inlet was about 0.64
campared to 0.59 for the original inlet, 0.69 for inlet &, and
a desired value of 0.73 specified for the alrplane. The predlcted
critical Mach number for the basic wing section (CL = 0.40) as

obtained from tests in the Langley two-dimensional low-turbulence
tunnels, has been shown to be only 0.6%. Inlet 5, therefore,
appeare to meet the airpleane specifications provided that the
mergin between the critical Mach nupmber and the Mach number at
which abrupt drag increases cccur 1g the same for the inlet section
es for the basic esirfoil assctions.

Total-pressure surveys at the measuring station in the internal
ducting cf inlet 5 are shown for high-spesed and climb flight
conditions (propeller removed) in figures 17 end 18 regpectively.
Attention is agaln called to the discontinuities in the internal
lines of this inlet as shown In figures 3 and k. The position of
these surface discontinuities are shown by dotted lineas on the
croes -sectional views of the ducts in figures 17 and 18 to show
that total-pressure measurements behind these ledges should not be
taken as true indications of the total-preasure recovery; in most
cases these tubes appeared to mgasure the static pressure of the
gstream at this station. Total-pressure recoveries were relatively
high over moet of the duct areas for the high-speed. configuration
{fig. 17); but excessive losses still occurred in the oil-cooler
ducts in the climb configuration (fig. 18) becemse of the abrupt 90°
expanding bend. For the climb condition, reglons of low total-
pressure recovery sre noted also at the 1nboard gides of both parts
of the Inboard intercoclsr duct; these losses were probably caused
by separation of the flow from the adjecent vanes. As there was
no apparent means of obtaining satisfactory pressure recoveries
at the oil cooler with the present duct arrengsment, it is suggested
that the oil-cooler cooling air be inducted through scme socurce other
than the wing inlet. It i1s apparent that further study is necessary
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on the problem of designing vanes for inlets of .this type when
vanes appear to be necessary from strength considerations.

Lines of constant total-pressure recoveries at the measuring
stations of inlet 5 are shown in figure 19(b) as a function of
Tlow coefficient and 1ift ccefficient. The higher desired rates
of flow through the 0il cooler ducts could not be obtained because
of excessive duct losses as wes the case with all other Inlets.
The total-pressure recoverdles in both carburetor ducts and at the
outboard Intercooler duct were of the same order of mesgnitude as
those for lnlet 1 except in the climb range where scome improvement
was realized with inlet 5.

Inlet number 6.~ Inlet number 6 wes designed for an alternate
lcnger-range version of the airplane with edditional fuel tanks
between the nacelles aft of the front wing spar. This installation
involved the elimination of the intsrcooler and carburetor ducts
aft of the front spar and the relocation of these ducts to enter
the nacelle in front of the spar. To allow for the relocation of
the ducting, the top lip was extended about 1.86 inches forwerd.
of the top lip for inlet 5. Because smaller flow quantities were
required, it was possible to reduce the inlet helght approximstely
15 percent below that of inlet 5 by raising the lower lip. In
other respects the design of the inlet (fig. 3) was generally
similar to that of inlet 5. For these tests, the ducting forward
of the epar was not simmlated; the oil-cooler duct entrances to
the nacelle were sealed off and the internal lines were faired to
the measuring stetions in the carburetor and intercooler ducts as
showvn in figure 5.

The maximm 11ft coefficients for the model with inlet 6
installed (figs. 10(f) and 10(g)) are compared in the following
table with corresponding values for the basic nose and inlet
number 5:

Inlet 5 QU .Yl cI.
(6-38) F'tvo Vo far
Bagic nose -~ - oGO 1.20
b No. 5§ 0 0.240 | 0.877 1.21
No. 6 .129 946 1.22
Beasic nose - - - - =" 2.01
No. 5 65 .158 990 1.87
No. 6 .168 | 1.232 2.00
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The meximum 1ift coefficients with inlet number 6 installed were
higher than those for inlet 5 and were approximately equal to
those for the baslc nose installation. The section drag coef-
ficients for inlet 6 (fig. 12) were higher than those for inlet 5,
however, possibles because of umavoidable roughness on the largse
areas of the modeling clay falring required with this:inlet.
Surface-pressure disitributions (fig. 14) indicate that the
friction dreg for inlet 6 should not be appreciably higher than
that for inlet 5. The predicted critical Mach numbers for inlet 6
{figs. 15 and 16) were aprroximately equal to those for inlet 5.

Representative pressure surveys in the internal flow for
inlet 6 are compared in figures 17 and 18 with thoce for inlets 1
and 5. The total-pressure recoveries for inlet 6 were higher than
those for inlet 5, and in the climb conditlen there was no
indication of flow sepvaration from either the lower lip of the
inlet or from the divider vanes. (See fig. 18.) Average total-
pressure recoveries at the measuring stations in the ducting of inlet 6
are spotted on the pressure reccvery charts for inlets 1 and 5
in Tigure 1G. These recoveries appeared to be somewhat higher
than those for the other inlets in the inbtercooler ducts and of the
same magnitude as those for the other inlets in the cerburetor ducis.
The improved total-pressure recoveries in the inbocard intercooler
duct of inlet 6 are attributed to the elimination of the inboard
oll-cooler duct with its divider vane.

Effect of end plate.- An indication of the effectiveness of
the end plate is afforded by comparisans of the 1ift curves for
inlet 6 for the end-plate-installed end end-plate-removed comditions.
At a flow coefficient of 0.175, removal of the end plete reduced
the maximum 1ift coefficient with 0° wing flaps (fig. 10(f))
from 1.22 to 1.15, but did nQt cause any large change in the slope
of the 1ift curves. With 65 wing flasps, (fig. 10(g)}) removal of
the end plate reduced the maximum 1ift coefficient fram 2.00
to 1.70 and also reduced tie slope of 1lift curve.

Effect of proveller operation.- Supplemental tests were
conducted with the number 5 inlet installed to study the effects
of propeller operation on the aerodynamic characteristics of +the
model. In addition to tests with right-hand propellers as ueed
on the alrplene, tests were conducted with left-hend propellers
to simulate the slipstream configuration for the right wing of the
airplane. ’ :

The effects of propeller operation on the 1ift characteristics
of the model are presented in figure 1l. The maximum 1ift
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coefflicients for the right-hand propellers installation are compared
with propeller-removed date in the following table:

; ' . Q | v ; I
5 T { E nes o |
(deg) | L Vs max
T |
o Props. off | 0.140 _ to.877 1.21
0 0 i -145 (approx.)! .906 (approx.)i 1.25
15 é 145 (approx.)t .906 (approx.)| 1.50
| geo Props. off | . .158 .990 1.87
| 2 0.15 1 .186 (approx.)|1.16k (approx.)| 2.38
Increases in thrust coefficient gave increases in C, for

“max
the left-hand propeller installation but the quantitative values
obtained were not as great as those for the right-hand propsellsr
installation.

The total-pressure recoveries at the messuring station in
the inboard intercooler duct of inlet 5 are presented in figure 20 L4
a8 a function of flow coefficient and 1lift coefficient for both
right- and left-hand modses of propeller rotation. These total
pressures were higher then those for the propeller-removed
condition (Fig. 19(b)). In most cases, the incresses were a
large percentage of the theoretical total-pressure rise through

a uniformally loaded propeller disk (:gTé>. Theae thseoretical

total -pressure rises ars as followe:

| -
H-E
! Tc —_—
- 2
! 0.005 0.01
.035 .09
] .0G0 .23

150 I .38 |
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SUMMARY OF RESUCLTS

The nmore importa.nt results of this investigation are swmarized
as Tollows:

1. Ths original inlet was found to decrease the maximum 11ft
coofficients end to have critical Mach numbers below those of the
wing with the basic nose instelled.

2. The total-pressure recovery in the oil-cooler ducts was
poor regardless of the inlet installstion. As the sharp expanding
bend in this duct cannot be avoided, it is recommended that the
oll-cooler alr be induced through the cowllng or from scme source
other than the subJect wing Inlet.

3. - Two inlets (nos. 5 and 6) were developed which should
be satisfactory for the airplane. The aaximmm 1ift coefticients Tor

Q
% - o0.1k0

the model with inlets 5 and 6 installed were ebout 1.21
Q

and 1.22 [~ = 0.129 },respectively, with 0° wing flaps
Ftv '

o} . .

Q. [ a

and 1.87( = 0.158 ) and 2.00{ L 0.16%,respectiveu,
e \F‘bvo \ Fy¥, /

with 65 wing Tlaps campered to corresponding values of 1.20 end 2.01

for the.modeli =quippsd with the faired basic nose.

FeVo

L. 71e predicted critical Mach nwrbers for inlets 5 and & for
the critical military-power high-speed condition for sn altitule
of 40,000 feet were 0.63 and 0.6%, respectively, as compred with 6.6k
for the thickest ssction of ths baaic wing.

$. Propeller operation (elther right- er left-hand) caused
appreciable increases in maximum 13ft ceefficlents and in the total
pressures 1In the ducting. o

Lengley Memorial Aseronautical Laboratsry
Hatlonal Advisory Committee for Aeranautics
Langley Fiold, Va.
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TABLE I.- ORDINATES FOR THE NUMBER 1 INLET

{See figure

3 for symbol definitions)

All ordinstes in inches

19

Wing Station 55.125
[Basic chord = 44.883 in. |

Wing Station 90.125

[Besic chora = 39.388 in. |

Upper Lip Lower Lip Upper Lip Lower Lip
X e X

Yl P2 Iy Y, Yy Yo Yo Y,
0.5611 1.130 -——- -——— -——- 0.492 | 0.962 —— —— —-——
1.121 | 1.5662 0.231, -——— -—— «985 | 1.340 0.213 -—- ——
2.242 | 2.168 «337 -1.868 -2.690 1.870 | 1.867 «300 -1.442 -2.278
3.363 | 2.621 «615%# | =1 ,649% | -2.816 2.954 | 2,259 «548%| 1.474%| -2.382
4.483 | 2.987 ~2.894 3.939 | 2.576 -2.416
6.725 | 3.54%7 -2.989 5.908 | 3.063 -2.490
7.599 o——- l.484 —— 6.780 -—— 1.561 -—— ——-
7.6986 -—— -—— ~l.264 -—— 6.878 -—— —— -1.188 -——
8.130 | === —— -— -3.028%#| 7,500 | --= — -——- -2,520%%
8.148 | 3.818%#| oo - - 7.345 | 3.534%%F | aao -——- —-—
Leading-edge
redius 0.464 0.317 0.382 0.280
Leading-edge
radius off <721 -2.163 .618 -1.842
chord line
Leading-edge
reciusent «800 1.598 877 1.347
of O-percent
chord

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

# Fairs to next ordinate with straight line

%% patrs with airfoll contour
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TABLE II.- ORDINATES FOR THE NUMBER 2 INLET
(See figure 3 for symbol definitionsz)
All ordinates in inches
Model Wing Stetion 56.126 Model Wing Ststlon 90.125
[Baets onord = 44.835 tn. | [Basic cnora = 59.368 sn. |
Upper Lip Lower Lip Upper Lip Lower Lip

x ¥y Yo X Y3 Y, X T, ¥ x Yy Y,
0.220 | === 0.549 | 1.450 | -1.768 | =1.977 | 0.185 | v.BO% -== | 1.289 w== |=1,558

237 | 0.989 ~== [1.550 | -1.683 | -2.055 206 | 848 === |1.200)| -1.131 .

280} === 500 [1.660 | -1.832 | -2.102 .820 | .87% == | 1.350 ——— |-1,629

547 [ em= 469 | 1.750 | =1.585 | «2.151 .250 | .s88 ce= ] 1.3535 ]| -1.39) ——

380 | 1.149 —== [ 2,000 | =1.E30 | =2.8257 «260 | .916 === {1,560 | =1.,371 ——

430 | ee= 426 | 2.250 | =1.483 | -2.345 +350 | 1.029 | 0.457| 1,583 ee= | =1.871

«500 | 1.25¢ 402 | 2,750 | =1.416 | -2.492 .450 {1.120 4141 1.450 | -1.3351 -——-

750 | 1.437 542 | 5.260 | =1.370 | -2.608 «580 |1.198 «384| 1,450 == 1,710
1,000 | 1.577 «319 | 3.750 | =1.537 | -2.702 <750 11.353 «3481 1,500 | =1.303 | -1.737
1.250 | 1.737 o515 [ 4.250 | =1.312 | =2.783 | 1.000 | 1.477 332! 1,750 | =1.220 | -1.844
1.760 | 1.981 332 | 4,750 ( -1.295 | -2.843 | 1.260 [1.603 329 | 2,000 | -1.181 |-1.941
2.250 | 2.194 «376 | 5.250 | =1.281 | -=2.890 | 1.780 | 1.824 «365| 2,250 | -1.143 | =-2.008
2.750 | 2,386 437 | 5.760 | =1.270 | -2.926 | 2.250 | 2.024 «405] 2,750 | =1.,095 | -2.129
5.260 | 2,566 «515 | 6,260 | =1.266 | -2.965 | 2.780 | 2.2Q1 473 | 3.260 | =1.,06% | -2.223
3.760 | 2.736 596 [ 6.760 | -1.264 | -2.680 | 3.260 | 2.356 «550] 5,760 | =1.060 | -2.297
4.250 | 2.889 684 | 7.250 | -1.264 | -3.001 | 3.750 | 2.498 +641 4.250 | -1.052 | -2.352
4.760 | 5.035 .782 | 7.695 | =1.264 -——- 4.260 | 2.635¢ «746 | 4,750 | -1.065 | -2,595
5.250 | 5.167 883 [ T.750 e== | -3.019 | 4.750 |2.757 «870| 5.260 | -1.088 | -2.430
5.750 | 5.201 .689 | 8.130 —== | -s.028*%| 5.260 |2.876 |1.008]| 65.750 | -1.116 | -2.457
6.260 | 3.408 {1.102 5.750 | 2,886 |1.162| 6.250 | «1.148 | -2.481
6.760 | 3.522 [1.228 8.260 [5.086 | 1.335| 6,750 | =1.187 | -2.501
7.260 | 5.651 [1.368 6.750 | 5.202 -== | 6.8768| -1.208 ——-
7.699 | === 1.484 6,780 | === 1.551] 7,300 ==~ |-2.520%
7.760 | 3.756 - 7.250 | 3.312 ——- 5
8.141 | 3.818% | -ae 7.345 | 3.554% | ---
Lefing-eds® |5.28% 0.153 0.838 0.125
Leading-edge
radius off 0.72¢ -1.866 0.709 : =1.511
chord line
Leading-edge
radiuve aft
of O-percent 0.384 i.560 0.401 1.385
chord

.Faira

with airfoil ocontour

NATIONAL ADYISORY
COMMITTEE FOR AERONAUTICS

L]
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TABLE III.- ORDIHNATES FOR THE NUMBER 3 INLET
{See figure 3 for aymbol definitiona)
All ordinates in inches

Model Wing Station 55.125 Model .Wing Station 90.125
[Basic chord = 44.635 in. ] [Basto chora = 39.388 n. )
Upper Lip - Lower Lip Upper Lip Lower Lip
X Yy Yo X s Ty X Ty Yo X Yy Y‘
=3.090 | 0.587 -—— -1.889 | ~1.658 | =1.906 | ~2.8868 | 0.575 -—— -1.959 —— -1.821
-3.067 -648 =l.944 { -1.618 | =1.943 —-—— -—— —— =1,966 | ~-1.461 —
~3.045 .885 =~1.899 | «1l.584 | ~1.9735 | -2.838 «816 —— =1.917 —— -1.661
=3.023 «7358 ~1.854 | «1.561 | =1.998 | -2.818 «643 ——- -l.914 § -1.421 ——
=3.000 «768%7 =1l.724 | =1.504 | -2.061 | -2.718 «756 | 0,184 | -1.887 | =1.401 ——
=-2.870 —— 0.200 |-1.850 | ~1.471 | -2.10l1 | -2.618 « 847 «14) | -1.864 ——— =1.701L
=2.,750 | L.017 «149 {=1.500 | -1.436 | -2.152 | -2.518 «928 «1l1l | =1.817 | =1.361 ——
-2,600 ( 1l.198 2092 |=1.250 | «1.380 | -2.248 | =2.418 « 944 +080 | =1.797 —— =1.740
=2.250 | 1.352 «072 |=1.000 | =1.357 | ~£.330 | -2.318 | 1.060 «075 | =1l 747 | =1.333 | ~1.767
=2.000 | 1L.490 «089 [= 500 |=l.311 | -2.468 | =2.,260 | 1.101 «068 | =1.500 | =1.258 | =1.867
=1.760 | 1.61¢9 Q72 | 0 «l.880 | ~2.575 | =£.000 | 1.237 «065 { =1.250 | =1.213 | ~1.956
=1.6500 | 1L.735 «084 0.500 | -1.262 | =£.658 | =-1.750 | 1L.362 +066 | =1.000 | -1.1835 | -2.029
=1.260 | 1.849 « 106 1.000 [=le262 | =2.727 | =1.500 | 1.476 087 [ = 750 | =1.156 [ =2.083
=1.000 | 1L.9556 « 128 1.500 [ =1l.247 | =2.78]1 | =1.250 | 1,580 +O085 | = 500 | -1.137 | -2.149
- 500} 2.145 «189 2,000 | =1l.244 | -2.827 | -1.000 | 1.678 «107 ) =1.109 | ~2.256
(o] 2.318 «253 2.500 [~l.241 |-2.,8684 |~ 500 | 1.886b6 +163 500 | ~1l.004 | =2.3C3
«500 | 2.476 « 523 3.000 | =1.241 | -2.894 o 2.020 254 1.000 | =1.087 | -2.3568
1.000 | 2.627 «S8€ S3.500 | =1l.241 | -2.822 «500 | 2.188 «305 1l.500 | =1.088 | =2.396
1.500 | 2,762 «467 4.000 | =1.243 | -2.047 1.000 | 2.308 « 588 2,000 | =1.004 | =2.427
2,000 | 2.800 «543 4.500 | -1.244 | -2.965 1.500 | 2.438 «475 2.500 | =1.100 | =2.449
2.500 | 3.010 «618 5.000 | ~1.247 | -2.98% 2,000 | 2.568 +587 3,000 | =1.112 | ~2.467
&.000 | 3.120 +693 5.500 | =1.248 | =2.997 2,500 | 2.678 +665 S.50Q | -1.1R1 | -2.480
S3.500 | 3.229 « 772 6.000 [ =1.252 | -3.012 3.000 [ 2,788 +7T66 4.000 | -1.131 ! -2.492
4.000 | 3.320 . 6.500 | =1.256 | ~5.027 35.500 | 2,891 «867 4,500 | =1.143 | =2.5Q1
4,500 | 3.429 .8358 7.000 | =1.260 | =5.040 4.000 | 2.992 <970 5,000 | =1.155 | =2.511
5.000 | 5.525 | 1.026 7.500 —— ~5.051 4.500 | $.088 |1.075 5.500 | ~1.165 | -2.517
5.500 | 3.616 | 1.111 7.605 | -1l.264 —-—— 65.000 | 3.185 | 1.177 6.000 | ~1.178 | -2.524
6.000 | 3.708 | 1.200 8.130 —— =-5.066 5.500 | 3.274 |1.283 6.500 | =1.190 | -2.531
6.500 | 5.795 | 1.287 6.000| 5,561 | 1.386 | 7.000 ~—= | ~2.537
7.q00 5.885 | 1.377 6.500 | 5.440 | 1.481 5.87¢ | -1.198 ———
7.600 | 5.967 —— 7.000) 3.513 ——— = ——— -~
,e’»-ggg 4.048 -;g 6,780 | === [1.551 -—— -— -——
. —— l.484 7 —— L
7.880 | 4.027 -—— 800 S
Leading-edge
Lesd ng-edee | 5,253 0.155 0.238 0.125
Leading-edge
radius off 0.478 «l,780 0.436 =1l.541
chord line
Le;ding-edge
us a
e teiay [2-886 | . -l.ee8 -2.667 -1.859
chord NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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PABLE 1V.~ ORDINKATES POR THx NUMBER 4 IKLkT
(8ee figure 3 for aymbol definitions}
All ordinstes in inohes

Model Wing Btation £5.125 Nodel Wing Station 90.125
[Basto chord = 44.853 1n. | [Basic onora = $9.388 1in. ]
Upper Lip Lower Lip Upper Lip Lower Lip
x Y, Y, x ¥y Y, x Y, Xy x 1, EA
--= [-0.215 {-1.770 | --= l.-1.237 lu.2ow | --- [-0.189 [-1.802 | -
0.140 .| - .202 |-1.608 |-1.88c |-1.2e1 | .205 | v.lee |- .177 [-1.437 |-l.602
2108 |- 179 [-1.645 [-1.020 |-l.g00 | --- g - 158 |-1.296 | -1.833
(081 |- .14 (-1.584 |-1.P€2 | -1.182 | .385 068 | - 118 |-1.340 {-1.680
2040 |- .080 [-1.540 |-B.o3 | -1M42 | .44 03¢ |- .079 |-1.300 |-1.715
008 |- .045 |-1.600 |-2.068 | -1.105 | .508 006 |- .039 |-1.270 |-1.745
-3 | o <1.471 | -..088 |-1,085| .547 |- .05 | © -1.247 |-1.770
~ 040 086 |-1.442 | g.122 ] -1.02¢ | .585 |- .035 039 |-1.22¢ |-1.792
- .068 090 | -1.480  -2.143 | -D.085 | .24 (- .049 o |-1.99 | -1.m6
- 095 | .34 |-1.39¢ |-2.170 |- .o08| .e8e |- .076 | (118 |-1.181 |-1.836
- a8 dve |-1.37e | -2.1e8 - 788 | (T7e |- (089 158 |-1.165 |-1.857
- 230 224 [ -1.56¢ [ -2.220 - .688 | ..846 |- .106 297 [-1.14v | -1:878
- A 336 | -1.314 | -2.38¢ - .01 | ‘.s08 |- :114 2295 | -1.114 | -1.933
- 3¢ | .s48|-1.278 | 21310 - a9 | .989 |- 117 .94 | -1.08¢ | -1.960
- 130 | ..672 |[-1.210 | -2i388 - I3ed |2l028 |- .1l¢ 591 | -1.05¢ | -2.i025
- 218 | .887 [-1.166 | -2.480 - ,197 |1.136 |- .09 788 | -0.988 | -2.080
- .088 | 1.345 [-1.080 | -2.862 O 1.240 |- lo72 | 1.182 [- .920 |-2.168
- .39 | 1.795 [-1.030 | -2.633 594 |1.424 |- 010 | 1.578 |- .885 | -2.235
030 | 2.242 | -0.980 | -2.6u¢ 788 |1.p91 | .0s2 | 1.869 |- .820 |-2.278
206 | 2.e90 |- .945 | -2.748 to1ee [1.743 | .logs| 2363 |- (784 | -2.334
.80 J 5.138 |- .930 | -ei793 | ..B76 |1.88l 2o787 | -2 | -2.350
260 | 3.587 |- .9%2 | -2i8s0 | 1.0e8 |2.001 3.161 | - .7e0 |-2.380
3324 | 4.035 |- .920 | -2.864 | 2.363 |2.135 3.545 | ==~ [ -z.e01
4.485 | - .923«| —2lsss | 2.767 [2.250 3.939 | - .760% | -2.420
4.932 -2.912 | 3.151 | 2.269 4333 -2.432
5.380 -2.936 | 3.545 | 2.467 4.727 -2.450
5.828 -2.964 | 3.939 |2.569 5.120 -2.461
6.277 -2.969 | 4.333 | 2.676 5.514 ~2.478
8.725 -2.988 | €.727 | 20777 5.800 - 782 | =en
7.173 -5.005 | 6.120|2.876 5.908 | === | -2.490
7.240 | - .968 | ——- 5.500 | <= .820 | 6.302 | --- | -2.500
7.400 [ - 962 | --- 5.614 [2.970 | == | 6.400 |- .821 | oo
7.600 [~ .988 | ~en 5.800 | <= 875 | 6.696| -o= | ._2.508
1.100 | 7.622 | === | -3.017 | 5.008{3.080 | =-- | e.885|- .869 | -
1.145 | 7.685|-1.000 | --- 6.200 | === w66 | 7.080| --= | -2.819
8.070 | =--- | -3.025 | 6.302 |3.041 | Z-- | 7.300| --- | -2.520e
8.150 | --- | -3.cfB##| 6.600| --- | 1.088
8.070 | 3.808 6.696 | 3.218 | ==
8.141 | 3.518ea --n 6.793 | <~ |‘1.186
7.090 | 3.387 | o=
7:346 | 5.33ans]  oe-

NATIONAL ADVISORY

COMMITTEE FOR AEROMAUTICS
# Fairs to next ordinate with straight line c

#4# Fairs with airfoil contour
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All ordinates in Anches

TABLE V.- ORDINATES FOR THE NUMBER 5 INLET

(See figure 3 for symbol definitions)

23

Wing Stetlon 90.125

Wodel ¥%ing Statlonm 5$5.1826 Wodel
[Baaic chord = 44.835 1In. J [Buic chord = %9.388 s.n.:[
Upper Lip Lower Lip Upper Lip Lower Lip .
x ¥y Y5 Y, X Yy Y, . Y5 b 9
~0.800 | 0.030 0.030 | 0.206 | -1.820 — -0.791 | 0 o 0.180 | -1.548 —_—
| = 896 | 092 | - .024 <218 | -1.748 | -1.940 - 786 .085 - 053 <192 | «1.482 | -1.645
| = 890 | .128 | = .043 241 | -1.685 | -1.979 - 780 | .122 - 48 212 | «1.457 | -1.678
- 880t 172 | - .076 286 | ~1.634 | -2.032 - 770 | .162 - 076 <261 | =1.385 [ -1.723
- 870 | .208 | - .095 o330 | «1.590 | -2.075 - 760 | .190 - .088 «280 | -1.548 | -1.757
- .6601' .238 | - .115 376 [ -1.560 | -2.108 - 750 | .222 - .103 <828 |'-1.514 | -1.787
- 840 " .83 | - .138 420 [ -1.521 | -2.138 - 740 [ .250 - 112 569 [ =1.290 | -1.813
- 820, .323 | - .158 465 | ~1.492 | -2.172 - 780 | .373 - 120 <409 | =1.265 | -1.841
- 8O0 | .364 | - 172 o510 [ «1.470 | -2.193 - 720 | .293 - .128 448 | -1.248 | -1.859
c = 750 | .44e | - (202 .564 | -1.44¢ | -2.220 - 700 | .328 - 2143 487 | -1.22¢ [ -1.882
j = 700 .512 | - .225 .599 | =1.422 [ -2.245 - 640 | .414 - LA79 526 | -1.206 | -1.903
| = 600 | .8 - 248 <644 | -1.404¢ | -2.270 - 600 .4 - .185 .566 | =1.190 | -1.926
- 590 | === - .252 .756 | <1.3564 | -2.514 - .500 ] .567 - 215 .664 ]| -1.156 [ -1.982
- 400 | .825 | - . .868 | -1.336 | -2.380 - .400 | .6s8 - .216 7651 <2.125 | -2.001
- 200! 892 | - .239 | 1.092 | -1.269 | -2.43B - .200 | .842 - .205 958 ] -1.076¢ | -2.070
o] 1.142 | - .225 | 1.317 | -1.216 | -2.500 o] «890 - 190 [ 1.157] -1.0%1 | -2.125
«200 [1.278 | - .200° | 1.765 | -1.140 | -2.602 200 | 1.122 - .165 | 1.661 | - .866 | -2.212
«400 [ 1.402 ) = .172 | 2.213 | -1.080 | -2.683 400 [ 1.245 - .138 | 1.944 [ ~ 916 | -R.275
800 ; 1.525 | - .138 | 2.662 |[-1.032 | -2.744 .600 | 1.382 - .105 | 2.339 | - .875 | +2.518
800 [1.642 | - ,102 | 2.680 | -1.030 | -2.748" .800 | 1.472 - 072 | 2.565 | - .875 | -2.319
1.000 [1.747 | = 068 | 3.138 |- .998 | -2.793 1.000 [ 1.578 - 035 | 2.757 |- .862 | -2.350
1.200 [1.8456 | - .0%0%, 3.587 |- .982 | -2.830 1.500 | 1.802 059"} 5,151 | - .857 | -2.380
1.400 [ 1.942 4.055 | - .972%]| -2.B64 £2.000 | 1.999 5.545 | - 822 | -2.401
1.600 | 2.032 %.483 -2.888 2.500 | 2.162 35.939 |~ .818%; -2,420
2.000 | £.198 4.u432 -2.912 3.000 | 2.310 4.355 ) . -2.432
£2.500 | 2.387 5.580 -2.935 $.500 | 2.448 4.727 | -2
3.000 | 2.565 5.828 -2.954 4,000 | 2.682 5.120 - ~2.461
3.500 | 2.732 €.277 ~2.968 6.000 | 2.842 5.514 -2.475
4,000 | 2.878 6.725 -2.988 5.120 | 2.875 5.700| = 780 | ~w-
| 4.800 [ 3.007 7.173 -3.003 6.514 | 2.970 5.908 | == = [ =2,480
| 5-550 |3.272 7.240 | - .955 — §.700 | == 0.852 | 6.302 ' w=a -2.500
| 6.000 | 2.387 7.400 |- .982 -— 5.800 | —== 873 | 6.400 ] - .821 ———
i 8.500 | &. 7.600 | - .988 ——— 6.908 | 3.080 - 6.836 | --- -2.508
. 7.000 | 5.608 7.622 -— -3.017 6.200 | =~ 066 6.865, - ,889 ey
7500 | a-e 1. 7.685 | -1.000 — 6.302 [ 3.141 “o=  17.090 ) em -2.519
7.500 | 3.704 1.146 | 8.070 - -3.023%*| £.800 | -~ 1.086 I Te300 | =2 -2.580%%
7.805 | === 1.179 6.696 | 5.218 -—— -
8.000 : 3.7g98% 6.793 | -—- 1.156 | . T
3.141 ! 7.000 [3.287"" | —-

NATIONAL ADVISORY
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® reires to next ordinate with straight line

*% 2girs with airfoll contour
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NACA RM No.

TABLE VI.~ ORDINATES FOR THE NUMBER € INLKT

(See figure 3 for symbol definitions)

All ordinates in inches

L6L11

Hodel Wing Station 55.125
[Bastc chord = 44.833 in. |

Model Wing Station 90.125

[Basic chora = 39.388 1n. |

of O-percent
chord

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Upper Lip Lower Lip Upper Lip Lowsr Lip
’ BT s
X Y]_ YZ 15 Y* X Yl Yla Ys i Y4
-2.607 {0,431 | -0.203 -— --- | -2.648 | G.530 {-0.156 -——- -—
~2.477 | .600 | - .240 -— ——= | -2.526 | .484 |- .198 -— ——
~2.346 | 753 |- .251 - -—— [ -2.2906| .610 [- .215 | =-- _—
~1.963 [1.066 | - .233 -—— -~ | -2.,061| .206 |- .198 - _—
~-1.692 |1.250 | - .203 - --- | -1.8281.073 |~ .160 -— _—
-1.430 |1.419 [ - .166 |-1.360 {-2.C94 | -1.5¢3 } 1.213 [~ .1l1l9 | -1.123 | =1.7688 |
-1.168 {1.571 | - .123 | ~1.241 [ -2.205 | =1.368 | 1.351 [- .074 | ~1.015 | -1.854
-0.807 | 1.715 | - .078 | -1.154 | -2.295 | -1.124 | 1.480 |~ .030 | -0.935 | ~1.929
- «645 |1.849 | - .026 | -1.084 | -2.360 | -0.€89 [ 1.601 |~ .0l4 | - .874} -1.979
- .383 [1.974 .020 | -1.026 | -2.413 | - .655 [ 1.715 .058 | -~ .823 | -2.018
.925 | 2.485 -~ | -0.835 | -2.581 517 ] 2.170 “-= |- .870! -2.129
2.233 | 2.913 -—— --- |=-2.698| 1,689 | 2.530 -— --= ., -2.208
4.850 | 3.541 - --- |-2.8768| 4.033| 5.059 — -—- ! -2.334
7.467 | 3.964 -— ——- | =3.003| 6.378| 3.423 — ——— . =2.444
10.083 | 4.268 -——- ~-- |=-3,0835| 8.722 3.689 -— === ~2.514
Leading-edge
redivs 0.193 0.284 0.168 0.225
Leadlng-edge j
radius off o -1.734 0 ~1.445 [
chord line
Leading-edge .
regiua aft -2.564 -1.452 -2.579 -1.680




NACA RM No., L6L11

TABLE VII
ORDINATES OF BASIC AIRFOIL SECTIONS

[Percent chord]

Root section (theoretical) Tip section (theoretical)
Stetion

Upper Lower Upper Lower
0.50 1.759 . 1.119 1.408 0.709
.75 2.08: 1.412 1.667 .888
1.25 2.609 1.8% 2.095 1.175
2.50 3.595 2.700 2.92k 1.646
5.00 L.967 3.768 . 4,120 2.231
7.50 5.993 u.520 5.019 2.609
10.00 6.813 5.103 5.771 2.869
15.00 8.08% 5.972 6.930 3.238
20.00 §.023 6.569 7.818 3.h5¢9
25.00 9.707 6.986 8.467 3.606
30.00 10.183 7.248 8.938 3.654
35.00 10.48 7379 9.24h7 3.654
Lo.00 10.609 7.3 9.399 3.606
45.00 16 .569 7281 9.399 3.053
50 .00 10.365 7.052 9.2h2 3.346
55.00 9.991 6.658 8.g22 3.140
60.00 9.4ht 6.220 8.42¢9 2.896
65.00 8.7h2 5.625 7.-736 2.653
T70.00 7.88 4.920 6.886 2.398
'&5).00 6.869 k.129 5.879 2.101
-00 5.733 3.286 h.791 1.765
8.00 L.hoh 2.419 3.638 1.h02
90.00 3.1h41 1.534 2.436 1.002
95.00 1.663 677 1.2h5 -563
100.00 .017 017 .039 .039

Leading-edge . _

radius height 0.234 0.234

Leading-edge
radius 2.025 1.057

"NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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* Figure 1.- Continued,
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(¢) Photograph of model mounted in the Langley propeller-research tunnel; basic nose installed.

Figurse 1.~ Concluded.
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(a) Three-quarter rear view &= O°,- wake survey rake shown in position,

Figure 2,- Photographs of model with various flap configurations installed.
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. NACA RM No, L8L11 Fig, 2b,c

o
(b) Three-quarter rear view; 6= 20 .

(¢} Three-quarter rear viewj & = 65° ; short cowling flaps installed on model.

Figure 2.~ Continued.



NACA RM No. L6L11 Fig. 2d,e

(d) Front view; 8 = 65°; continuous flap,

(e} Three-quarter rear view ; d = 85°. continuous flap; long cowling

) ]

flaps installed on model.

Figure 2.- Concluded.
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Fig. 4 NACA RM No. L6L11

7otal pressure
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Crora /lrne ﬂ\

Sratic presvure
rvbes \
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NATIONAL ADVISORY
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Flgure 4 .- Sketch showlng posltion of ddscontinuity in diffuser faliring
of inlet 5 relative to pressure tubes at measuring statlon.



Figure 5,- General view of model with right-hand propellers and Inlet number § installed,
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NACA RM No. L6L11
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Figure 6.~ Blade-form curves for model propsller and Curtiss 1016
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CA RM No. L6L11

LM&AEQ??B

Figure 7.- Pressure belt installation on lower
surface of outboard nacelle; duct exits
sealed and faired.

Fig, 7



NACA RM No. L6L11 Fig. 8

Figure 8.~ Relationship of inlet-velocity ratio to
total flow coefficient for the severgsl inlets.
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installed.
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NACA RM No, L8L11

Fig. 10b
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Inlet number 1; &, 65°.
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Figure 10.- Continued
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(o) Inlet number 2; 8,0°.

FPigurs 10.- Oontlnued.
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Fig. 104 NACA RM No. L6LI11 -

(&) Inlet number 3; 8, 0% Q/F Vs 04133 ; v%o,o.667.

Figure 10.- Contilnued.
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(e) 1Inlat nuwver B; 8, 09, 65% Qy/FV,, 0.140;
Figure 10.- Gontimed.
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Filgurs 10,~ Consinued.
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(g) Inlet mmber 6; 8, 65°; end plate installed and e
Figure 10,- Ooncluded,
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. (a) Right-hand propsillars; 8, 0°; Qu/FnVoD.145; '1/,6-;0.906 ; propellesr removed test, “-9/'='d' .1kog v}/vo:o.ei‘r{.

Figure 11.~ The effect of propeller operation on the wing 11ft characteristics with the numwber five
inlet instslled,
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NACA RM No. L6L11 : ' Fig. 11b

(b) Right-ond left-hepd propellers; 8, 0% qc/rtvowo.ua,“/'eg:..us.
Pigure ll.- Gontinued.



Fig. 1llc NACA RM No. L6L11

LA I £ i ?%..-:: o e e 2 —— 7 SOLECL 3 3 vt W WY.L ST
(o) Right-and left-hand propellers; &, 651 Qy/f ¥, ~0.186; ’}@v .16K;propelier removed test,
Qoo 0.158; /s ~20.9%. g
Pigure 1ll.- Conoluded,




Fig, 12

NACA RM No. L6L11 .

"NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1l2.~ Section drag coefficlents for the seversal

a, -2.400

wing ducts at wing station 72.25, as & function of
flow coeffilcient.



Fig. 13 - NACA RM No. L6L11
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NACA RM No., L6L11
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Fig. 16 NACA RM No, L8L11
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