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WIND~-TUNNEL INVESTIGATION OF SEVERAL FACTORS
AFFECTING THE PERFORMAWCE OF A HIGH-SPEED PURSUIT
AIRPLANE WITH AIR-COOLED RADIAL ENGINE

By Carl J, Wengzinger
SUMMARY

An investigation was made in the NACA 19-foot pressure
wind tunnel of a O,4-scale nodel of an existing pursuit
airplane to obtain the experimental information regquired to
indicate the inprovements necessary to produce an airplane

~capable of reaching a speed in excess of 400 miles per hour

at an altitude of 20,000 feet with an air-cooled engine of
1000 horsepower output. Modifications to the model includ-
ed a low-drag wing, changes in the fuselage shape, a high-
speed cowling, and certain other inmprovements, The scale

of the tests was increased by operating the tunnel under
pressure when it was considered advisable, thus giving
Reynolds numbers up to full scale for the landing condition,

Based on the results of the tests it was found that,
by use of the NACA low-drag sections for the wing, inpor-
tant reductions in wing drag and inportant increases in
conpressibility speeds were obtained, the 1ift and stalling
characteristics were sinilar to those of conventional wings,
and the action of sinple split flaps in increasing the 1ift
was about the same, The propeller slipstrean caused an in-
crease in the drag of that portion of the low~drag wing in

“the slipstrean to a value about the safe as that of a con-
ventional wing without slipstrean,:

The NACA high-speed cowling arrangenent appears to be
satisfactory up to speeds of more than 500 niles per hour
at high altitudes before critical conpressibility effects
are encountered, In addition, propulsive efficiencies ap-
pear to be increased by use of this cowling at high values
of V/nD conpared with the efficiencies obtaine@ with
cowling C. The aerodynanic advantage of placing wing
guns within the wing is indicated,



IITTRODUCTI O

In connection with the existing national emnergency
and as part of the national defelise program, the TACA is
conducting investigations to determine the improvements in
performnance that can be achiéved through the application
of recent wing, cowling, and fuselage research to single-
engine and multiengine nmilitary airplanes. .

The investigation described in this paper was started
- in the sunmer of 1940 and was proposed to obtain some ex-
' perlmental informnation concerning the possible inmprove-
nents to be obtained by the application of the results of
the previously mentioned researches to a typical pursuit-
. type airplane, In particular, it was hoped to indicate
the improvements nccessary to.produce an airplane capable

. of reaching a speed in excess.of 400 niles per hour at an

altitude of 20,000 feet with an dir-cooled radial engine

of 1000 horsepower output, such as the R-1830, This aiun,
of course, is nodified from tine to time in the light of
findings fronm the preésent war, but it is believed desirable
to nake available in a short concise report some of the

" nore outstanding results of the 1nvestlga+1on that nay be
used as a guide to further developnent,

As a starting point, an existing experimental airplane
was chosen as one representative type of high-performance
pursult airplane, A O.4-scale smooth nodel without protube
erances was bullt, and its aerodynamic characteristics were
used to establish a basis from which pbssible inprovenents
could be judged., Modifications were 'then made, usually one
at a tine, to incorporate the proposed inprovenents, The

nodifications included principally a low-drag wing, a change

in the fuselage shape, a high-speed cowling, and certain

other improvements, All tests were carried out in the INACA

. 19-foot pressure wind tunnel, at Langley Field, Va. The
scale of the tests was incrcased by operating the tunnel

" under pressure when it was considered advisable, thus give
ing Reynolds numbers up to full scale for the landing con-

dition. . 4

1ODELS AND APPARATUS
The nodels were all constructed of laninated nahogany,

reinforced with netal whore required. The exposed surfaces
werc filled, then sprayed with lacquer, and finished by

&£



rubbing with o. 400 water cloth in a direction parallel
to the wing chord, The finish thus secured was such as to
be classified as "aerodynanically snooth,"

The resistance of the engine to air flow through the
cowling was sinmulated by a perforated plate of such design
that its conductance could be adjusted to approxingte that
of the full~scale engine installation. For sone of the
tests, dunny cylinders were also attached to the plate to
represent nore exactly the actual engine installation,

When tests of powered nodels were required, a three- .
blade, 4~foot-dianeter propeller, which has blades of Clark
Y section nmounted in an adjustable-pitch hub, was used,
This propeller is sinilar to the fullescale Hanmilton Stand-
ard propeller 6101, TFor thesg tests, the blades were sct
at angles of 45°, 50°, and 55° at 0.75 of the tip radius.

The propeller was driven by a water-cooled altcrnating-
current induction motor capable of doveloping 60 horscpower
at 5000 rpm., Currcent was supplicd tq the notor by a variable-
frequency notor-generator sct, and speced control was obtained
by varying the frequoncy. The output torque of the notor was
deternined from a calibration of torgque against active cur-
rent, The notor revolution specd was necasurcd with a
condenser-type tachoncter.

The models were nounted on the standard supporting
systen of the balance in the HACA 19-foot pressurc wind
tunncl, (Secec fig., 1.) Two nain supports were used for
the wing, onc on each side of the fuselage, and a single
tail support was used by which the angle of attack was
changed, Six-conponent neasurcenents of aerodynanic forces
and nonents were nade and recorded by an autonatic clectric
recording balance,

- TESBTS

All tests were mnade with the tunnel test section in
the closed-throat condition and with the air pressurc in
the tunnel cither at atnospheric or at 35 pounds per sgquare
inch absolute, depending upon the type of test and the
Reynolds nunber desired '

The angle~of-~-attack range covercd, in gencral, fron
below zoro 1ift to beyond naxinun 1ift, Observations of
the stalling characteristics of the wings were nade by



'notlng the action of wool tuftsg att ached to the upper sur-
face of the wing.

. - The scction profile drag of the wing when oporating
in tho viecinity of the high-spcod 1ift cocefficicnt was ob-
tnined fron neasurenents of the nonentum loss in the wing
wake, Pressure neasurenents over cowling and fuselage.
were nade by the use of pressure orifices installed in the
odel, or by the use of nice, HMeasurenents of air flow
through the cowling were made with total-pressure and
. static tubes, .

When required, deterninations were nade of thHe 1ift,
trag, and gerodynanic interferenco effects of the nodel
supports,

RESULTS AUD DISCUSSION

Cocfficients

All results are given in the form. of absolute cooffi-
cients, Lift, drag, aand pitching nonents have been cor-
rected for the tares due to thce nodel supports, and drag
and angle of attack have been corrected for jet-~boundary
interference offcets. The coofficients and symnbols are dee~
fined as follows: :

C;, 1lift coefficient ' J (L/q8)

Cp drag coefficient '(D/dS)

'cdo scction profile-drag coefficicnt - (da,/ae)

Cn pitching-noment coefficient (H/qcé b)

Cp  propulsive thrust coefficient (7-AD) /pn® D*)
Cp  power coefficient (2nQn) /(pn3 D5)
é% advance4diane£er ratio of prope;ler |

n propulsive efficiency [L*S%%%V]
where |

L 1ift

D drag



d, section profile drag by nonentun nethod

- AD change in nodel drag due to propeller slipstrean

M pitching nonent about nodel support
T thrust of propeller in presence of body (shaft tension)
Q aerodynanic torque of propeller
a dynanic pressure of air strean (% <} Va)
P nass density of air |
v velocity of free strean
D dianeter of propeller
n propeller revolution speed
b wing span
. c wing chord
S wing area
and
a. angle of attack of wing roof chord
B propeller blade éngie

Sf flap deflection

Haxinun Lift and Stalling Characteristics

Because of the possibility of obtaining lower drags
by ‘the use of a wing having HACA low-drag airfoil sectioas,
such a wing was built for the nodel., At the time this
wing was built there was sorle question as to the maxinun
1ift obtainable with the low-drag sections, and this wing
was nade with a sonewhat larger area and span than the wing
originally used on the.airplane. TFigure 2 shows the ar-
rangenent of the basic model with wing having conventional
airfoil sections (modified ITACA 230 section); figurc 3
shows the nodel with the new wing having TACA low-drag air-
R foil sections,



The ncw wing has a symnetrical airfoil section at the
wing root with a thickness of 18 percent of the airfoil
chord and is of the MACA 66 fanily; the design 1ift coeffi-
cicnt for the low-drag range is O with a variation of %0.2.
The section at the wing tip is canbered with a thickness

of 15 percent and is of the NACA 67 fanily; its design 1ift

coefficient is 0,13 with a variation of *0,1. Outlines of
* the root and the tip airfoil sections and their ordinates
arc given in figure 4,

In order to improve the stalling characteristics of
the wing, it was given a lincar geometric twist of 2.15
fronm root to tip so that 1,5° of aerodynazic washout was
obtainecd. Simple partial-span split flaps having chords
20 percent of the wing chord were included to obtain sone
data regarding the effectiveness of this type of flap when
used with the low-drag wing in conparison with the effec-
tiveness of the flap when used with the conventional wing,
A few tests were also made with full-span split flaps.

The 1ift characteristics of the basic airplane nodel
with conventional wing are plotted agzainst angle of attack
in figure 5 and the drag and the pitching-monent data are
given in figure 6. Sinilar data for the same nodel dut
with low-drag wing are given in figures 7 and 8, The ef-
fects on the nmaxinun 1ift coefficient of deflecting the
siople split flap are indicated in figure 9 for the two
different types of wing. Probably the nost striking facts
illustrated by the foregoing data are the sinilarity be-
tween the characteristics of the model with either type of
wing and the possibility of obtaining equal naxinmun 1ift
coefficients at the high flap deflections.,

Surveys of the flow of¥er the two types of wing were
nade by observing wool tufts attached to the upper surface
of each wing. Sketches showing the progression of the
stall are given for the conventional wing with the flap
neutral in figure 10(a) and for the conventional wing with
the partial-span flap down 60° in figure 10(b). Sinilar
diagrans for the lows~drag wing are given in figures 11(a)
and 11(D), :

. The sketches for the conventional wing indicate that
this wing would stall suddenly and with little warning,.
It should be noted, however, that a wing with conventional
sections could be nade that would stall in a nanner con-
sidercd satisfactory, The skctchesfor the wing with low-
drag scctions indicate a progressive stalling from root to



tip that should give sufficient warning before complete
stall, These data indicate that a wing with low-drag sec—
_tions can be designed to have desired stalling character-
isties.

‘Effect of Propeller Slipstream on
Wing Section Profile Drag

_ The drag of the low-drag airfoil sections appears %o
be considerally affected by surface smoothness and finish
and by turbulence of the asir flowing over the surface. Al-
though the turbulence of the air in the 19-~foot pressure
wind tunnel is low compared with that of most wind tunnels,
it appears to be not guite so low as that of free air, and
the,magnitude‘of turbulence incresses somewhat with an in-
crease in the test velocity. At low test velocities a good
indication ig given of the drag of the low-drag airfoil
sections in this wind tunnel, and the values thus obtained
provide a basis for some comparisons.

Heasurements of the momentum less'in the wing wake were
made to determine the section profile drag of both the con-
ventional and the low-drag smooth wings without propeller
slipstream. These measurements were made over a range of
low 1ifts in order that the results obtained would corrc~
spond to those for a high~speed condition., The complete
airplane model was used for these tests. ‘

, The soction profile-—drag cocfficicnts are plotted for
the conventional wing in figure 12 against distance from
the center line of the fuselage. Two types of coefficient
arc given: one-is based on the  section chord at the point
in gquestion aleng the wing span; the other is based on the
nean chord of the wing. The drag coefficient based on sec-
tion chord will be seen to vary for the greater part of the
wing span between the values of approximgtely 0,006 to

. 8,007, with peaks ncar the fuselage. These poak values are
probably due to interference effects between tho fuselage
and the wing caused by a thickening boundary layer on- the
fuselage and earlier transitxon on. the wing.

The data plotted in figure 13 are given for the wing
with low-drag sections. The magnitudes of these section
profile-drag coefficients vary from about 0,0035 to 0.0045
over most of the span, indicating a considerable reduction
in the section drags compared with those of the conventional
wing. Similar peak values also exist near the fuselage with
the low«&rag wing, as with the conventional wing.,



Hleasurements with propcller operating were made to de-
termine the offects of propeller slipstream on the section
profile drag of the portion of the low~drag wing in the
slipstream, The data obtained from these measurements arec
given in figure 14 for the condition of propeller operat-
ing at thrust cgual to the drag of the model. The profile
drag of the scctions of the low-drag wing in the propecller
"slipstrean is materially incrcased owing to the action of
‘the slipstream, reaching values about the same as those
of conventional scctions without slipstream, A few moasure-
ments made with propoeller idling indicate that the adverse
cffect 8 are nearly as great as for the condltion of propcl-
1br thrust cqual to drag. :

The results obtained show quite clearly that, in order
to roalize the full bencfits of the low~drag wing sectiouns,
propeller slipstream over the wing surfaces should not bo
permitted, The desirability of the pusher propeller arrange-
nent is therefore apparent if the full bencfits available
from those wing sections are to be obtained.

¥ACA Conventional Cowling C and
NACA High-Speed Cowling

The form of cowling known as the NACA cowling C (ref-
erence 1) is in use on most airplanes at the present time
but is known to be subject to compressibility effects at
airplane speeds around 400 miles per hour at high altitudes,
At speeds of about 430 miles per hour at 20,000 feet alti-
tude, these effects become :¢ritical, and some other form of
cowling becomes necessary. A cowling shape recently develw-
oped in the 8-foot high~speed wind tunnel served as the ba-
sis for a new practical high-speed cowling with critical
compressibility effects delaycd to well over 500 miles per
hour at- high altitudes.

. Some %ests were mgde during the course of the present
investigation to obtain an indication of the relative mer-
its of the NACA conventional cowling arrangement C (fig.
15) and of the new NACA high-speed cowling arrangement
" (fig. 16). In the high-speed cowling the co oling air en-
ters the cowling thr ough an opening ahead of the propeller,
passes internally through an element of the cowling that
rotates with the propeller and acts as a blower, and thence
flows past the engine cylinders to the exit at the rear of
the engine. Both types of cowling tested were so designed
that all the cooling air required for the engine and its



accessories 1s taken in at the cowling entrance., A detailed
description of these arrangements is given in reference 2.

Somec pressure measurements woere made over the nose of
cowling C without propeller to determine the magnitude of
the static pressures acting on the surface., The lowest

pressure for the arrangement tested had a value 2o _ . O.9>

that corresponds to a critical Mach number (M., = 0.62)

and a critical speced of about 439 miles per hour at 20,000
feet altitude, Similar pressure measurements over the highe-
speed cowling gave values in all cases ncarly equal to the
free—strcam static pressure. Other measurements of the
pressures acting on the air-duct blister behind the rotat-
ing part were made with the cowling nose portion rotating
without propeller at V/nD = 2,71, From these measurecments,
the lowest value of pressure (p,/q = 0.48, My, = 0.72)

was found on the blister in its plane of symmetry at a
point 9 inches back (model scale) of the trailing edge of
the rotating nose.

With cach of the two cowling arrangecments, acrodynamic
characteristics of the propeller were measured at throe
blade angles in the region of the high-spced flight operat-
ing condition., All valucs of propulsive efficiency prcosents
cd arc based on the drag of the aerodynamically smooth air-
planc model, The enveolope cfficicenecy curve obtaincd with
the NACA cowling C is compared, in figurc 17, with a simi-
lar curve obtaincd with the NACA high-speed cowling. The
recsults indicate that, although the high-speed cowling in-
creasecd by only a small amount (2 porcent) at
A = 2,0, this cowling increascd 1
nD v
10 percent at — = 3,0,

nD

nma}c

nax by approximatecly

The complete airplane model was tested with strcamline
fairing over the fuseclage nose for cach of the two cowlings
to obtain an indication of the drag chargeable to these
cowling and cooling arrangements., Comparison of the drag
(at Cp = 0.1) of the complete model with streamline nose

and of the model with cowling ¢ and air flow indicates that
cowling and air-flow effects in this case correspond to an
increase in drag coefficient of 0,0012, PFor the case of
the high-speed cowling, the cowling and air-flow effects
increase the drag coefficient of the complcte model by
00,0009,

PP IRS P S T R
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Fuselage and Tail Surface

Two revised fuselage arrangements with a minimum of
wetted area were investigated, one-with a long- body and one
with a short body. The long body had tail surfaces that
were smaller than those used with the short body; each fuse-
lage and tail was designed to give approximately the same
pitching moments. The fuselage shapes, in addition, were
changed. from that of the original fuselage in order to re-
duce the velocities in the region of the wing which in turn
would decrease adverse interference effects on critical
compressibility speeds, For a similar reason, the wing
root scction was changed at the same time from the NACA
66,2~-018 section to the NACA 65,2-017 section, (Sece fig.
4,) Plan and clevation views of the model arrangements are
shown in figures 18 and 19,

Some results of thé drag measuremcnts (without proncl—
ler) arc summarized in the follow1ng table., Pitching-
moment coefficients for the arrangements tested are given
in flgure 20.

-

Drag Coefficients of Hodels without Propoecller

Model arrangement - Cp at G = 0.1

Completc model; air flow; long fuselage; | 0,0113
tail on

Complefte model; air flow; short fuselage; .0112
tail on

Complete model; air flow: short'fuselagc; .0100
tail off :

Complete model; no air flow; short fuse- « 0103
lage; tail on; streamline nose

These data indicate practically no differcnce in the drag

of the complete model at the high-speed 1ift coefficient

(C;, = 0,1)  with eitler the long or short body and the cor-
responding tail, Becausc of its smaller size, the model
with short fuselage was used for the remainder of the invese~
tigation,
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Pressurc neasurcments over the wing-~fusclage Jjuncture
indicated the mecasured pressures to be about the same as
those of the wing alonc. This condition reduces the in-
duced velocitics at the juncturoc duc to the fuselage to
zero and eliminateg from that source adverse interference
effects oncritical compressibility speed. Thus, it appears
feasible by proper consideration of junctures of wing and
body to eliminate the adverse interference effects that are
of main importance in the attainment of high airplane
speeds, : !

Surface Irregularities

In order to obtain some indication of the effects of
‘surface irregularities on the low-drag wing, tests were
made with simulated.arrangements, Retractable landing-gear
cover plates (fig. 21) consisting of metal plates 1/16 inch
thick were cut to the required shape and fitted to the lower
surfacc of wing and  fuselage. These plates were attached
to the model by small flat-head nails closely spaced, Rud-
der and elevator sealcd hinge joints (fig. 22) were simu-
lated by metal strips 1/16 inch thick and 3/8 inch wide
"nailed to the respective tail surfaces at the hinge axes
and faired to the surface at the upstrcam edges., Flush
door, canopy, and inspection plate joints without lecakage
(fig. 23) were represented by grooves.approximately 1/16
inch wide and 1/16 inch decp, cut into the surfaces as in-
dicatcd. These tests were made with the propeller operat-
ing and with the model complete as shown in figure 19,
Propeller tests were nade first with the model surfaces
aerodynanically smooth; later the sinulated surface irreg-
ularities were added and similar tests were made,

A1l the values of propulsive efficiency given are
based on the drag of the aerodynamically smooth airplane
nodel with propeller renoved and without rotation of the
‘cowlin§ nose, Figure 24 compares, for the condition
B = 55", the effects of adding the retractadle landing-
gear cover plates and other surface irregularities to the
acrodynanically snmooth model, The drag increment duc to
addition of the landing-gear cover plates caused a decrease
in Mp,x ©of about 1 percent. The influence of additional

~surfaccé irregularitics, such as rudder, clevator, canopy,
and door Jjoints, caused an additional decrease in propulsive
efficicnecy of about 1.5 percent,
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Gun Installations in Low-Drag Wing

Several wing-gun installations were tested to deter-
nine their effects on the aerodynamic characteristics of
the complete airplane model with low-~drag wing., For each
installation three sinulated guns were nounted in each
wing, In one installation the blast tube and part of the
gun barrel protrude ahead of the wing, as shown in figure
25, In another installation the guns were mounted wholly
within the wing so that the forward tip of the barrel would
be sone distance behind the leading edge of the wing. Two
types of opening in the leading cdge were tested for this
installation: type A opening designed to have mininun ad-
verse effect (fig. 26), and type B opening which is merely
a circular passage (fig. 27), All the openings tested had
air flowing through them and exhausting from a single open-
ing on the upper surface of each wing about 0,6 chord back
fron the leading edge. A detailed description of the in-
vestigation is given in reference 3, :

The results showed that the installations tested have
little effect on the maxinun 1ift coefficient of the nodel,
The effect on the drag coefficient was quite noticeable.
The least adverse effcet was obbtained with the completely
internal nounting and with type A opening:t Cp at C; = 0,1
was increased about 0,0001., Type B opening gave an in-
crease of 0,0008, and the protruding type of installation
increased CD by 00,0007,

Conparative Drag of Original and of Completely
Revised Pursuit Airplane lModels

It is of considerable interest to note here that the
neasured drag of the actual full-scale pursuit airplane in
flight condition, conplete with all external protuberances,
alr scoops, and surface irregularities, was alnost twice
the drag of the snooth nodel of this airplane with all
cooling air taken in at the cowling nose. A good indica-
tion is thus given of the gains that mnight be expected _
from elinination of surface irregularities, alr leakage,
and protuberances on the actual airplane, ZEvery effort
conslstent with other required characteristics should
therefore be nade to develop acrodynanically clean air-
plancs,

It is also of intercst to compare the drag, as neas~
ured in the wind tunnel, of the snooth original pursuit-
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- airplane nodel with the drag of the snooth conpletely re-
viged pursult nodel; the valuocs are takern for the assuncd
highespced 1ift coofficient,.'Can 0,10, .

Priginal nodel with.alr flow, ng propcller,
Cp = 0,0137 :

cha v Reviscd model with n3r flow, no propeller,
c -0p = 0.0112 '

In order to nakc the conpnarison valid, both coeffi-
.cicnts should be based on the samne wing area. It appears
+ desirable to base the coefficients on the area of the orig-
- .inal wing, and the change for the low-drag wing was nade
as follows: : : : :

CDO of wing fron wake survey = 0,0042
c of wing = (0" /mR) = .0005
Di g ( L / J

Cp  of wing o o = .,0047

Decrease agrea fron 42,83 to 35.8 square feet,
q 1

aon S = ) = (1 - 88:8) x0.00470.0
D (based on 5 = 42.83) (l ENCE % 0.0047=0,00077

o

P

Cq of model with reduced wing area (based on §=35.8)

Cp = (0.0112 - 0,00077) x 22:83 - 0 0126"

35.8
The drag coefficients then conpare, for OCp = 0,1:

v

Original model with alir flow, no propeller, 0,0137
... Reviged nodel 'with air flow, no propeller, L.0125

: A n approxinate calculation was nade of the relative
“high speeds of the two alirplanes based on the drag.ceoeffi-
cient nentioned, If compressibility effects ars neglected
~and a:propeller effieignecy of 0.80 is assuned with 1000
horsepover at 20,000 feet altitude, the following valucs
.. ard obtainecd: o S

Original pursult airplane - - - - 414 niles per hour

- Conpletely revised pursuit air- .
plane - - - - - = = - - - - ~ - 424 niles per hour
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-Thus, the maxinun difference in speed between the two alire
planes would appear to be about 10 miles per hour with the
1000-~horscpower enginc, Because of other factors, such as
"surface ilrregularities due to manufacturing, this differen-
tial would probably be reduced, On the other hand, the
original model will be affected by compressibility at the
speeds mentioned and the revised airplane would not be af-
fected and.these effects would tend to increase the differ-
ential, The original smooth airplane will encounter crit-
ical compressibility effects at about 430 miles per hour.
Obviously, with greater engine power and the required pro-
peller, considerably higher speeds could be obtained with
the completely revised pursuit airplanc becausc compressie
bility effeets would not be a limiting factor up o speeds
above 500 mileg per hour, : '

COMCLUSIONS

Bascd on the rosults of the invesbtigation described
in this reporty the following conclusions may be drawn:

1. Important reductions in wing drag and important
increcases in compressibility specds may be obtained by use
of the NACA low-drag airfoil .section,

2¢ A wing with WACA low-drag airfoil sectioas had
1ift and stalling charactecristics that were similar to
those of conventional wings, and the action of simple split
flaps was about the same in incrocasing the 1ift,

34 -The offcct of the propeller slipstream, elther for
the idling condition or for thrust cqual to drag, was %o
causc an incrcasc in the dirag of that portion of "the low-
drag wing in the slipstream to a valuoc about the samec as
that of conventional wing scctions without slipstrcam,

4y The now HACA high-sgpecd cowling arrangement on the
~pursuit-agirplanc model tcested indicatcd that satisfactory
performance at high altitudes and speeds.up to mocre than
500 miles poer hour could be obtained before critical con-
pressibility effects were encountered., When TACA cowling

C was uscd, critical compressibility effccts werc indicat-
ed at 20,000 fecet altitude at airplanc spceds of about 430
miles per hour. ‘ ‘

5, Propu151ve efficioncios appoar to be increcased by
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the use of the high-speed cowling at high values of V/nD
compared with the efficiencics obtained with cowling c.

6. Adversc interference cffects on critical compres-~
sibility spccd ecaused by the wing-fuselage Jjuncture were
roduced to practically zero by proper shaping of the Junc-
turc, ,

7. The tests show the aerodynamic advantage of plac-
ing wing guns entircly within the wing.

Langley Menmorial Acronautical Laboratory,
National Advisory Committce for Acronautics,
Langley Field, Va,

REFERENCES

1. Robinson, Russell G., and Becker, John V.: High~Spced
Tests of Radial-Engine Cowlings., NACA confidential
report, 1939,

2, MeHugh, James G,: Progress Report on Cowlings for Air-
Cooled Engines Investigated in the NACA 19~Foot
Pressurc Wind Tunnel, NACA advance restricted report,
1941,

3, Muse, Thomas C.: The Effect of Various Wing-Gun Instal-
lations on the Aerodynanmic Characteristics of an Air-
planc Model Equipped with an NACA Low-Drag Wing.

NACA confidential report, 1941,



=

NACA

=

s

o

o

Figure l.- The 0.4-scale model of the basic pursuit airplane in the 19-foot pressure tunnel.



YOWN

4
Svrrory Lo T, — J:00

- 1]
ﬁ— T ES L.

Scale : Feet

ol s
373
B3 COWLING EX/T SLOT
WING AREA = 35.8 Sa FT

FIGURE £ = FPULAN AND ELEVATIONS OF O.¢-SCALE. MODEL © F 7THE
BASIC PURSUIT AIRPLANE. .



VOWVN

WY/ S

Q R ! .
NI 1] . . 5 . 1o
,_,_L A . | . | ) ! \ ! ] .
Scalé : Feel L.
7075

’—ZP" : 33" Cow//qy exrt s/o;‘
W//vs ARE4 = #2.83 5Q FT

+ ' 10.28"

W e L 6°
Tearli dye orr wing /s
q’/%"eq’ ‘eference Ime,

FleUrRE B.—PLAN AND ELEVATIONS OF 0.4 - SCALE MODEL OF THE PRPURSUIT AIRPLANE
WiTH  NACA LGy - DRAG WING.

€ By



NACA. F ig. %
o 10 %o S0 40 g0 7o v o /a9
! ! ' Pereen? chord
oy
: o A -0
3o v — Root section MICA 66,8065 -
& ol 2 JACA 6572 -or7
-‘—sﬂ/
~/0
for
A
3
* . N 77w l)
S o i, § = Tp section MACA 67/ ¢35 ,>
@ \;\ //” —
~Sr .
WA
2 /e 20 30 #0 50 50 7o &0 90 A
Fercent chord ’ \ :
ACA 6,2 ~0/8 NMACA €52 — 017 LA 67 /“’f'fé’)/:?” / \Q\ {\
& YWPst sepines LERAED  SrRmEC
| Yrmse_svprmca * | Upper susfAcCE :
STATION | OROILATE Steitibn | Oraliore IFRTIen | Oemnare § Siavees dzﬁ/mrz
/] o o [+ <]
ay /0435 " 5,297 22 /.E0% 578 |~1129
TE /:730 .76 1512 N5 /. 450 B37 | ~/.340 *f';
/.25 2./80 1. 25 1 908 Vas) /.55 /.35 /675 |
2.5 2,938 2.5 2,664 2.5% 2.547 26/ 2,245 "
& 3. 984 50 2 784 488 3.504 §:/5 ~2.998 o
75 £ 804 7.5 & 566 7.37 £.847 %63 -3.559 &
/0. T A6 s & 264 9.87 | 4855 § Jo/5  |~E013 )
/3, 6. 54/ 15 % 330 1488 5 &5 1548 ~4.736 g
=0, 7,342 20 7./20 /9.89 6.597 2O “85.,.28/ .
25 7. 957 pXA 7. 708 24.90 7.208 250 57727 w
0. 8419 20. 8125 29.9% 7673 s0.08 |~5.05/ .;?"'
35, 8. 74/ 35 8. 38/ G454 .02z 506 -5 .296 :
40. £.933 $0. 8 495 39.9¢ B8.265 idoov |-6.«e3 ‘_
+. 8. 998 . a#4 #4985 |8.593 {50z |-6.549 N
50 8.936 0. a152 359,00 & 426 $59.00 ~5.566 \: N
55 8.7/5 55 2624 srer | s.9s2 §ongs |64 E
6o K £.3/¢6 &0. 6.903 6005 8.435 SRGs ~5,35/ <
65‘.. 7.629 6. 6000 6508 YR Lr4 G452 ~6.045%
70. 6.657 70. %986 7011 7188 8989 520
75 5.525 75 5975 754 G .28/ 7egr .02
5’0‘ #.302 8o 27936 80,12 5.08/ 79.68 ~5.965
5:5'. 3.027 84 x4 8509 5.656 V=574 =Z.85%50
% . /.789 90. 1043 Paos 2.207 S84S5 1677
o5 . 67z 95, : B8/ 9502 8o #4808 =Gl
/00 . 2. J60. ] 60 {20 Q. /0. °.
o vorifoen gympnatricel

[FouRE = Aprigid seciiens of rost g 7"/}9 o MACH Aﬂw«ﬁiﬂwg ;w}zvg,



24 B2 T S
H
22 48 _ 1 0%
. = ;g
; 'y
20 A4 / -/ §
A 2 IS
1.6 §/; 36 Odf,g'eq 7 -3
o JF e o 60 Vi 3
. g .S Q\
.Qt) /”/ /J ta ﬁ
G/‘Z Q.28
N /f / J 5 &
3 4y §
8/'0 /& }3/ .24 7
& 4 S /9‘
NI ol A §.20 A
ik JEsanstanes
yad & , deg
o) 4 & /6
(AALLL 1o 2 AL
4 J f o 40 /2 y&@/’ /E/ // :/ ®
' 1A A o_60 - |
2 A ' 08 ~
B ' ML{“
ot .04 . r
00 00 0 OO s |
-4 0 4 8 2 6 20 24 28 -4 0 4 8 12 16 20 24 28
, Angle of attack, a ,deg Angle of attack, a ,deg .
Figure 5.- Lift coefficients obtained with conventional wing Figure 6.- Drag and pitching;moment coefficients obtained with’
. and partial-span split flags on basic pursuit- conventional wing and partial-span split flaps an

airplane model. R,4.8 x 10°. basic pursuit-airplane model. R,4.8 x 100,

YOV

T 9fg Sy



24 1 7
2.2
pa
20" ki
1.8} / 7 /g A
5l / /Y
/ A/ ﬁsx
S0 TARSZ GVDAN
S g ) I
i%/d? AJ%/ /g
8.0 / Vi 7
oS
S L /
24
6 5 'd}:fﬁ?g
?/ J )J 2 Eg Portial-
4 AL o 40[.sponflap | |
' D 2 o 60 s
— v 60 Full-spar flap—|
B £
: §
H
SRV
S SO0 9 00 L
-4 0 4

g

e

CieTT 20 24 28

Angle of attack, & ,deg

Figure 7,~ Lift coefficients obtained with NACA low-drag wing
and partial-span and full-span split flaps on
nursuit-airplane model. R,5.5 X 106,

52F ' | / K
: S)
; /rb N
48} 4 0%
: o 8 R N B ? LE
44I3 ‘%m\&\ =/ o
r |2 IA O
: T\v e == % <
40— ke S8 -2 %
i cif,odeg : %
36— 20| Portiol- T | o _,3§
t o 40| sparflap l N
e o601 11 4 f <
O .32—v 60 Full-span flap =% F R
8 /| B 3
i /1]
Q.28¢
il Wavar
O
0.24
. i 17
§.20 va A 7
: 7 f( ¢
.16 ] /{
s A ]
e | Favar.
' A A
08— L 4
; R
7%, Sl T T P AR
A—&—u—k4*£{/l,o/’jr
E O
Olu -------- ...,mj..

-4 0 4 8 2 6 20 24 28
Angle of atfack, & ,deg
Figure 8.- Drag and pitching-moment coefficients obtained with
NACA low-drag wing and partial-span and full-span
split flaps on pursuit-airplane model. R,5.5 x 106,

VOvN -

8914

8°4



2 *meaaysdie zo11edoad quoyita Suim Felp-moT YOYN JO SqUeTOTFIe00 Srap-sTtjoad uoigoeg -°¢1 83T
o~ 14biy 14 ‘9DD|BSN) O B WOy 2OUDLSIT 4487

l,m \ m m w m,w \ o \ m m w m g Z 8
9

ATt
00"

A
¥

Figs.,

Nee
r =F<] b .
e =T T

&00°

1 wing and with

210°

partial-span split flap
of pursuit-airplane model

" uoW  # .
IOy LOIORS U0 PasDq Po

<
©
~
Q

o

Figure 9.- Effect of deflection of

NACA low-drag wing.

with conventiona

on CLmaX

020°

%25 ‘;L_/;/o_/,zjaoo boUp-311404d LOIDEG

vao 1y

60

syreoqqadils Jeyredoad juoyjis Suls TBUOTIULAUOO JO 8qUe101JJo00 Jeap-oijoad uotgoeg -°z1 0anS14
Lybry ] 44 ‘obojasny jo B wody 3oUDISIF 14e7
8 Z g g # £ Z / [2) / Z £ 4 g El 5

/
. ?/MNJ/, , \H\J #00°

/
50

i
40

Flap deflection, &5 ,deg

30

i1l

= £00°

o Conventionol wing
0

s Low-drag wing

12/0°

/
0

” wosU . %Pov 910"
POy UOIDBS Lo pasoq PO O

—N
°Po € UD10144B00 BDSD-3]140J4d LOIO2S
T

N S © ©
| [ ] ULy JUSIODOO 441 LU XOpY
#20°

0eo°
,

24

NACA



Unstalled Completely
5’ruiPed

— | Crossflowin
tha direction
of Nreoyw s

U intermittentiy
%y stalled

(@) Flap neutral.

vof 814

Fieure LO - Stall diagrams of the conventional wing on basic model of pursujt airplane.
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NACA Pigs. 16, 23

Figure 235, Simulated deor, canopy, and inspection plate joints on
short fuselage of pursuit-airplane model.



Fleure 18 — Pursuit-airplane model with long fuselage and small tail.
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Fieure 1§ .~Pursuit -cirplane model  with short fuselage and large tail.
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NACA | Figs. 21, 22

Figure 21.~ Simulated retractable landing-gear cover plates on low-
drag wing of pursuit-airplane model.

Figure 22.~ Simulated rudder and elevator sealed hinge joints on
tail surfaces of pursuit-airplane model.
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Figs., 25, 26, 27

Figure 250"“
Protruding gun
installation
in low-drag
wing of
pursuit-
airplane
model.

Figure 26,.-
Submerged gun
installation
with type A&
opening in
low-drag
wing of
pursuib-
airplane
model,

Figul‘ e 279"
Submerged gun
installation
with type B
opening in
low-drag wing
of pursuit-
airplane
model.





