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Army Alr Corps, Materliel Division, War Department
TESTS OF THE XP-46 AIRPLANE IN THE N, A, C, A.
FULL=-SCALE WIND TUNNEL
By F. R, NICKLE and W. J. NELSON

INTRODUCTION

An investigation has been conducted on a full-scale
nodel of the proposed XP-i6 eirplane in the N. A. C. A,
full=scale wind tunnel pursuant to the request of the Amy
Alr Corps, Materiel Division. The primary purpose of the
investigation was to determine the optimum arrsngement of
the various component parts to obtaln the maximum high speed
and to provide adequate engine cooling. Additional tests
included a determihatién of the stalling characteristics
and the effectiveness of allerons and elevators. The
profile drag of the wing was ascertained by the momentum
method; the loc;tion of the transition point on the wing
‘and the critical compressibility velocities of the various
airplane components were determined from surface pressure
surveys.

The design characteristics of the XP=lj6, a single-
place Curtiss pursuit, were as follows:



321,

Gross weight (estimated) 6,600 1v.

Wing area 170 sq. ft.
Wing section ' 23016.5 to 23009
Propeller \ '~ %-blade, 10 ft. 6 in.

dilameter, Curtiss
controllsble pitch

Engine Allison V-1T710-F3R

Military rating - 1,150 horsepower at 3,000

v Co. o Pe Mo and 12,000 o
~altitude

Propeller shaft ratio 231

The test model was constructed of wood with the external
surface finished with glazing clay aﬁd polished to a mirror-

like smoothness.

AIRPLANE MODIFICATIONS AND TESTS

The N. A. C. A, full-scale wind tunnel and the Ealance )
~equipment used for the force messurements are deseribed in
reference 1. The method of mounting the airplane on the
balance in the tunnel jet 1s 1illustrated in figure 1.
The special techniques and the apparatus used for the
mohentum and transition measurements are described in refer-
ences 2 and 3. The statlc pressure meassurements required
for ﬁhe determination of the critical compressibiiity
velocities were obtained with flush orifices in certéin
locations and with 1/lé-inch-diameter static pressure tubes

mounted 3/16 inch from the surface. for other locations,
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The air velocities through the warious cooling ductsAwere
measured by means of rakes of pitot-static tubes located
several inches behind the radiators. Wool tufts were

used from time to timé thfoughout the entire investigation
as en aid in visuelizing the air flow oﬁer the airplane and
through the ducts.

The two 8-inch-~diemeter oil coolers, having a total
frontal area of 0;699 square foot, were located in wing
ducts.approxﬂmately 5 feet each side of the thrust axis.
The oil coolers, as well as the various Prestone radiators,
were of stendard cartridge core construction using 0.230-by
0.,260-inch copper tubes 12 inches long. The original
instellation provided two interchangeable sharp=edge inlets
and an outlet with an external flep. One additional inlet
with rounded edges and a refeired outiet employing the
internal N. A, C. A. flgp arrangement were prepared as part
of the wind-tunnel investigation in an effort to decrease
the detrimental effect of the ducts on the stalling
characteristics. A detailed view of all arrangements
tested is shown in table III. All inlets were of spproxi-
_mately equal area, and varied only in vertical location
relative toc the wing stagnation point. Figure 2a pictures
a typical duct inlet, Between the inlet and the cooler.
the ducts were sharply curved to pass over the retracted
lending-gear strut. VVanes wers located through the region

of maximur1 curvature in an effort to improve the passage.

The outlets (fig. 2) are located on the upper surface

\
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of'the wing and flow control is provided by means of: flaps,

The carburetor installation provided for sir to enter
the scoop, pass through a duct, snd be discharged from the
exhaust stacks. By means of conical reducers on the ex-
haust stacks it was-possible to regﬁlate this alr flow f&r
the various dfag and remming pressure meassurements. The
three intske arrangements tested are shown in figures 3 and l.
The original duct imlet, with an area of 37.1 square inches,
was elliptical in cross section and raised above the surface
of the fuselsge. - The revised forward inlet fitted close
to the fuselage, was more nsarly rectsngular, and had an
aren of only 26.9 square inches. The third arrangement
consisted of a recess in the fuselage nose which faired
int> a 27.8-square-inch flush inlét so that the fuselage
lines remained unbroken. All inlets expanded to the same
6=inch by 9=inch elliptical duct. The rake of pitot-
static tubes used for dstermining the'éir flow snd rem was
located at this station.

The Prestone radlator duct investigation included a
study of two radiator\locations, designated as forward and
rear, with a number of inlet and outlet arrangements for
each position. Two 9-inch by 19-1/2-inch ailiptical
radiators, locgted close to the ocutside skin so as to fit
around the Allison engine, were used in conjuncfion with
three inlets and six outlets (fig. 5) in theyforwérd
installation. The undsrslung inlet (fig. 6) was approxi-

mately rectangular in cross section and extended for its
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Afull dépth below the 6r1gin§l surface. The two other
inlets, designsted ss the flush type, did not extend below
the nbrmal‘fuselage lines =mnd varied only iﬁ the size and -
consequent location of the opening. As originally installed
these flush imlets had a pronounced longitudinal’roll.in
the upper corners of the dust fmrcing the air not enterihg
the duet to flow outward over a-relativel$ sharp edge. For
certvain of the tests this roll was eliﬁinated by means of
the lerge pl@aticéne fairing shown 1In figurs Tb, The out-
lets were idéntical for 811 inlets end inciuded three flush
type, two flapped arrangemeﬁtsp and one cover plate for
gero air flow. . |

 The rear radiator»installation'used s single 20-1/2-
‘ineh-diameter radiétor located in the fuselage behind the
wing. The three inlet arrangements, With‘modificafions,
spd three ocutlets are detailed in figure 9. Inlet A was
tested with two upper duct surfaces givimg different rates
of expansion immediately behind the inlet. Inlet B,
smaller and farthér forward, was 1nvestigafed both with and |
without the dividing venes. In eddition, this inlet was
rotated 30° down about a point 20-1/2 inehes back of the
duct leading edge producing s large inlet 8CO0P. The
laét arrangement tested, inlet C; was the original sloping
inlet provided by the Curtiss Compsny. . The outlets
inecluded two flush arrangements with a flep provided for

the larger. Typical inlet snd outlet arrangements are

pictured in figures 10 and 11,
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Preliminary tuft observations and force tests indicated
that the original model stalled relatively earlj at the
wing'roots producing a low maximum 1ift. Since it was
apparent that the trouble was primarily wing-fuselage inter-
‘ ference; two modif#pations of the wing-fuselage juncture.were
studied, The firat arrangement, designated as the large
fillet, was designed to eliminate the reentrant angle be- -
tween wing snd fuselage. Figure 12 gives detalls of the
new arrangement as well as a comparison with the originsl
flllet at the wing trailing edge. The second modifica-
tion for eliminating the rooﬁ stall was a new leading
edge for a portion of the wing close to the fuselage. This
arrangement, shown in figure 13, increased the effeétive
camber of the wing root section thereby decreasing the -
adverse pressure gradient over that portion oﬁ the wing.

It was designed to be used in conmnection with either the
or;ginal or the new large fillet. '

The lending gear retracted leterally into the lower
surface of the wing. The wheel was then covered by flush
rlates making en exceptionslly smooth 1nséallation. tiith
the lending gear down (fig. 1) the wheel wells sre left
open and a portion of the wheel well cover extends verticelly

down from the bottom of the fuselage.



- T =

The windshield built into the mocdel as sn integral
part of the fuselage was a %elluroundeﬁ double-curvature
design which faired quite smoothly imto the fuselsge lines.
The more favorable vision through flat as comparsd with |
double-curvature surfaces led to the design shownvin fig-
ure 15, A long sloping surface extending well forward
was comnected by curved surfaces of varyiﬁg radii to flat
surfaces on either side. The entire assemblylwas then
faired smoothly into the original cockpit cover. Fig-
ure 5 shows this arrangement mounted on the airplans,
| The armament consisted of two fuselage suns, mounted
on the under part of the fuselage nose (fig. 16a), and
. four internal wing guns in each wing. Thess wing guns
we:é designed to be entirely concealed and were simulated
in the tests by 2-inch round holes drilled in the leading
edge of the wing (fig. 16b).

Two fuselage noses were available for the model. A
short nose, designed to accommogate the Allison F-%ype
engine, was used for the majority of the investigations,
‘The longer nose, suitable for ﬁhe Alliscn C-=type engine,
was used for all the Prestonme radiator tests,

The complete detalled test progrsm is shown in
table I, _ .

RESﬁLTS AND DISCUSSION
The high-speed drag coefficients of the model with the

optimum arrangements of the_necessary appendages, as.
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determined frcm the various test cdnditions; are presented
in figure 17 and teble II. Results are given for a test
speed of 100 miles pér nour. The variation in drag coef-
ficient with tunnel speed for two of the test conditions is

- showm in figure 18.
0il coolers. = The results of the oil cooler wing duct

investigation are presented in table III with the detalled
dimensions of the variéus arrangements., The air quantities
have been extrapolated to a flight speed of 216 miies per
hour for the climb attitude snd to 430 miles per hour for
high-speed attituds. Drag increments were obtained for |
each highaspéed arrangément by the momentuﬁ method at a
tuwmnel speed of T8 miles per hour and were checkéd in two
cases by force tests. The duct properties (efficiency and
power coefficient) have been computed from these data for
the high-speed arrahgementso ‘

It will be-noted thet for the high-spesd conditioﬁs
wifh outlét fla?s closed, ell oil cooler arrangements,
Qxcept those with the l=percent inlet, provide more'than‘
6,000 cubic fest of alr per minﬁtep and those arrangements
using the l-percent inlet provide less then 4,000 cubie
feet per mimute.  Since L ,280 cubic feet per minute are
required for proper cooling, the former arrangements deliver
nearly 50 percent excess sir, while the l-percent inlet
and N, A. C. A. outlet gives}an 8-percent deficit. This
would indlcate that with the 2-percent end 3-percent inlets
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the outlet opening could be greatly reduced with a con- .
sequent reduction in drag. The deflectibn of the outlet
flaps (both fypés)_produced sufficient air for eclimb when
- used in connection with the’2apereént inlet, but gave in-
sufficient alr flow with tﬁe lepercent inlet. It is of
particulaf interest to note the high efficiency of the
ducts with the 2-percent and 3=percent inlets and the poor
efficieney of the same ducts when the l-percent inlet is
used. This 1s'beli$ved to'be largely due to the_sharp
upward curvature of the duct upper surface just inside the
inlet¥. _ '

The various duct inlet arrangements deecreased the
maximum 1ift of the model in increasing amcunts as the inlet
was raised above the stagnation point (dimansioﬁ Tal
increased). This effect was particularly marked with the
large N, A, C. Ao'wing fuselage fillet in‘place° More _
ecmplefe discussion of this effect will be found in a later
gsection of this report. ’ '

Redesign Of“the duct inlet is therefore indicated to
provide safficlent air flow without adverse maximum 1ift
@ffecﬁso It is possible thatnincreasing the 1lip radius
of the 2=percent inlet would decrease the effect on maximum
11£¢ without seriously affecting the air flow. Redgsign
of the l-percent inlet so as to glve a smooth even

expansion without reverse curvature, however, would probably
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allow sufficient air flow at good e:ficieney with even less
effect on the maximum 1lift. Furﬁﬂer information regerding
| optimum duct design may be found in reference li.
Carburetoﬁ and exhsust stacks. - The addition of the

exhaust stacks to the airpleme increased the high-gspeed
drag coefficient by 0.0003.
| The results oflthe carburetoé intake inveétigation,
corrected to 12,000 feet sltitude and extrapolated to the
estimated flight speed, are presented in table IV, Since
the éngine to be used requires 8,100 pounds of air per hour,
any of the three errangements tested satisfies the flow
requirements. It is interesting to note that the revised ‘
forward inlet gave considerably more air flow for each
exhaust stack outlet area than the larger originél inlet,
In order to obtain a'correct indication of the relative
merit of the'three inlets ﬁested, drag and ramming pressure
must be compared on a basis of equal aif flow. For the
required 8,100 pounds per hour the following values of ram
end drag are indicated at high speed:

Arrangement Ram (percent g) ACp
Original inlet o 9T.4 0.0008
Revised forward inlet 97.6 .0001

Flush inlet | 65.0 0
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The available ramming pressure is therefore practically
1dentical for the two forward arrsngements but is 30 percent
lower for the flush type inlet. The drag results indicate
that}both the flush and revised forward Lnlets are of ap-
proximately equal merit and that both are definitely
superior to-the originel arrsngement.

The effect of the rotation of the slipstresm (not
possible to investligate on this model) may appreciebly in-
crease the‘drag‘of all arrangements tested, as was cbserved
during recent tests of a pursult airplane with an air-cooled
engine end external carburetob 8COODp, The drag was ap-
‘preciably reduced by improving the inlet fairing so as to
provide a smoother flow across the scocp. This would sug-
gest the use of a flatter arrangement faired smoothly into
the fuselage.
| All drag measurements include the recovery of energy
obtained by ejecting the "carburetor air through the exhaust
stacks. TUnder actual flight conditions the exhaust thrust
would be considerably greater due to the addition of heat
energy from the engine éﬁd 1t is probsble that the carburetor
scoop-engine-exhaust stﬁck combination (power on) would
produce a net thrust,

" Prestone radiator ducts. = The Prestone radiator duct

results as obtained on the model with the long fuselage
nose are presented in the four sets of curves shown in

figure 19, Comparative tests of the two fuselage noses
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showed the same high-speed drag for the model with the long
nose a8 with the short nose. Drawings'of the ducts.are
given in Tigures 6 and 10. Alr quantities for the highc.
speed attitude are indicated by curves of the flow ratio,
Vp/V, versus exit area, and for climb by curves of VR/V
versus exit flap chord with outlet area remaining constant,
The drag of the various high-speed arrsngements 18 presented
by curves of ACp versus outlet area. Arrows on°ﬁpe
latter family of curves indicate the conditions under which
proper air flow will be obtained. The fourth set of curves
1llustrates the scale effect on Cp for two of the arrange-
ments tested, Final drag data are taken for a test speed
of 100 miles per hour, s

The forward underslung duct will furnigh sufficient air
(1,320 cubic feet per minute at [;30 miles per hour at
12,000 feet, or Vg/V = 0.19) with an outlet of 90 square
inches. The drag inﬁrement for this errengement would be
0,0011, which is 6.4 percent of the smooth model drag end
gives a duct efficiency of 26 percent. Propér cooling for
- ¢limb can be obtained'by using an outlet of approximateiy
226 square inches with a 6~inch flap deflected 45%. It
will be noted in a later section of this report that ﬁha
outlet flaps on the forward radiator ducts have a beneficial

effect on the maximum 1if¢ of the sirplans.
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The flush type ducts produced excessive‘drag'for all
arréngementép and with the smaliler inlet failed to give
sufficient air flow for climb regardless of exit area or
flép size. The high drég values are attributed in lérge
pért to the longitudinal roll in the upper corners of the
inlet and to the rapid expansion in the diffuser. An
attempt to improve the duct corners by mé ans qf'the'large
plasticene fillet resulted in better external flow but very
little increase in duct efficiency., Previous tests,
hqwevers have indicated the value of this type of'inlet
and further research on flush type scoops is reccommended.

The rear rediator installation will give sufficient
alr flow for high epeed with all the inlet arrangements
tested 1f en outlet of approximately 140 square inches is
employed, For the climb condition results indicate that
an exit flap larger then the 5-inch flap tested will be
necessary to provide sufficient air flow. It will be noted,
however, from the curves 1p the uppeé right-hand corner of
figuré 19 that flap effectiveness decreases fof flaps larger
than 5 inches. If a larger flap fails to provide the re-
quired air, the tests indicate that an‘inlet flap with a
5=inch outlet flap will provide more air then needed for )
the climb condition. The high-speed drag for inlet B
with venes will be 0.0010 for proper air flow. This is

slightly less than for the forward underslung errangement.
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The addition of the venes to inlet B had 1itile effeect
on total alr flow or drag increment but produced a much
better flow distribution at the radiator =8 showm in figure 20,
With this inlet, lowering the wing landing flaps decreased
the air flow by spproximately 3% percent. ﬁith inlet end
outlet flaps down to obtein sufficient air for climb the )
maximum 1ift was.dacreased 9 percent.,

Windshields, = The plasticene fillet at the intersection

of the origimel windshleld and fuselage, which had a
S5-inch radius on the fusslage center line and faded out
along the aldes; falled to decrease the high-spesd drag
coefficient'of the model, The flat-sided windshield, however,
gave a deecrsase of 00,0002 when tested cn the smqoth model.
When tested in the presence of the revised forward carburetor
inletb this galn was not dbtained and the drag was the same
gs for the original windshieldo The flow disturbance
‘induced by the protruding cerburetor inlet was unquestionably
responsible for this difference in results. The moré
favorable vision through the flat surfaces of this winqé
shield together with test results which indicate that the
compressiblility durble will not oécur any carlier than with
the originel windshield nggests that this design is worthy
of consideration.

Armament. = The addition of the fuse'&age g;uns and
blast tubes incrsased the high-speed drag coefficient by
0.0003, The addition of the elght imternal wing gums,
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four in each wing, brought the total srmement drag coef-
ficient increment to 0.0005.

Wing drag. -~ The resulté of the Wing,péofileédrag
méésuremenfs obtained by the momentum method ar? shown in
fizure 21. The profile=drag coefficient of the wing,
including the ﬁing duct (a—percént inlet and originel outlet
with flap elosed), is 0.0080. With the o1l cooler ducts
' sealed the profile draé is 0,0074, as compared with en
estinated smooth wing drag of 0.0061 at the same average
Raynolds Number. '-The locations of the trensition points
on the ﬁpper wing'surface for two statlons,; one inboard
of the slat and aileron and the other in the span of the
aileron and closed slat, are shown in figure 22 at the ap=
proximate high-speed 1ift coefficient, Cf = 0.12. On
the smooth wing section the transitioh point occurred at
s/¢' = 0.18; and on the slotted section at s/e! = 0.15, -
which corresponds tc the tralling edge of the slot. The
relatively large profile drag of the'outboard portion of
the wing can thersfore be attribuﬁed in pert to the early
transition from laminar to turbulent fiow induced by the
rough wing slat installation. The femainﬂer of the drag
difference between the XP»&é‘model wing end the smooth wing
is‘atéributed to surface waves and irregularities, the
aileron'slc»t9 andvthe landing fleap installation.

Critical compressibility speeds. - Measuvements were

made of the maximum negative pressvres on the large fillet,
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OTiginal £1i1let, wing, revised forward carburelor 3coop,
exhaust stacks, and windshields for the highsspéed flight
attitude for detérmination of the crlitical compressibility
speeds. The resulis obtaingd by the method of refereﬁce 5
are shown in figure 23, |

Results indlcete that & compressidpility burble will
oaéur firat in the wing-fuselags filleb. The critical speed
ia 1i50 miles per hour at lZDOOO feet with‘the large fillet
or 70 miles per hour with the ordginal filietn The ve-
sults predicted by this methced are not conssrvative and the
astual compressibilidy burblé may occur at apeeds és mech
as 10 %o 20 miles belcow those indiszated.

Hish-speed sstimafte. = The high-speedr determinetion of

this eirplans as presented in figura'17 was based strictly

on the %indntunnei results obtained for a test speed of

100 milss per.houﬁe It is of interestuto predict as closely
2s possible from these resulis the probable free-flight

nigh speed of the sirplane. The necessary extrapolation

is at best wpproximate, and for the present ealculétions

1t has been assumed that the decrease in drag will be the
same as that of the completsly smooth maéel as computed by

the equation

N = ¢p R . \0-21
- o A ;G
“£idghi sost (Fofb-)
£light
This extrapcletion is carried to o spees. of 300 miles per

howr; above this speel 1t 18 sssved thet comprogsibiiley
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effects will offset scale elfects, in the present case &
b60p = (0020 was subtracted {rom the 100-mlle-per-hour
test resulis for scale effect. The curves of figure au
have besn couputed iﬁ this manner ané indicete a high speed
ot 417 miles per hour at 12,000 feet alvitude with 1,150

horgsspower.

Allercn and elevabor effectiveress. = The rolling and
Jawing moments praduced-by'defleetion of' the lef% aileron
cf the model ars snown in coefficlent form in figure 25,
It is significant that the maxiwmum rolling moment will be
securcd with an eiloron deflection of spproximately =20°
(tfailing oCEe up). The presence of positive roll with
gzero delflectlon is due to unsyrmetricel 1iftAdiatribution
over the wing o

The elevator pitching-ncment coefficients are shown
in figure 26 for flaps up and in figure 27 for flaps dowm.
Thélsloée of the curves is constant for both conditions bub
begins éé bresk at slightly lower deflsction with flaps
down; The elevator effectivenecss decréas&s vapiély for
deflections greater then «20°,

Waximum-1it investigation. - The tuft observations

(fig. 28) and the 1if% curve {fig. 29) of the smooth model
indicated that an eerly wing root stall was vecurrl ng whilch
produced jagied peaks o . th: 11t curve end ¢ low maximum
115%. This is belisvel to be/due to the rapld divergence

of the elr Ilow along ‘he wing-fusslage junclure. Since



w 18 =

the maximum fuselegs sectlon oscurs forwerd of the wing
ieading edge, the effect i3 accentuated on whis model. 'In.
order to study this situation and the effechs of varlous
changés a comprehensive éeries of tests wds conducted on

the modsl. These test results have baen presemted as a
geries of 1irf¢, drag97énd pitehing%mgment éurves'in

figures 29 %o LX. The cordition.of the machine is specified
on sach figare and the run numbef-is alao given so that |
detailed data for each particuler arrangemsiit may be cb-
tained in tsble I. )

It will be natad'in figure 29 that the méximuﬁ 1irt
coefficlent of the model in the smooth condition'is 1.23
with fiaps snd lending gear up and 1.80 witi flaps and
landing gear down. The installation of ths oil cooler
wing ducts with the 2-percent inlet and the corlginal outlet
with flep open 30° decremsed the meximum 13ft of the model
in the landing condition from 1.66 to 1.56 (fig. %0). The
addition of the reyised forward cerbureior scoop and exhaust
stacks incrsased the maximum 11ft coefficiznt for ths landmv
ing condition by OnGS.as shown by & comparison of figures 30
and 3. Opening the wing slots did not have any effect
on the maximum 1ift as indicated in figuwre 32,

Installstion of the large fillet {Fig. 12) on the
model in the smcoth condition, except for the revised for-
ward carburetor scoop and exhaust‘ﬁtackég increased the

maximun 11f% coefficlent for the flight condition over that



for the smooth condition frap 1l.23 to 1 -56 and for the lande

ins
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condition fram 1.66 to 2.04. (Compare figs. 29 and 53.)
The comparison of results es snom in figures ,'50 snd 31
would show bLhat a small portion of this galn was due to

the presencs of the carburetor scoop and exhaust stacks,

The further additicn of the new leading edge (fig. 13)
produced an additional smd l inerease in toe maximum 13108
coefficient as indicated by a aomparisdn of figures 33 and 3l
The nsw leading edge, wasa used witih the originel fillet,
prodused a maximm 1ift coefficlomnb For ths Afl:lg;ht condition
of 1.58 {fig. 35). TFor the highmmgéeed fiight conditicn

the following drag seeffilzisnt incroments wers measured for

the various arrangemonts;

Arrengsmensy aSp
Leargo £11llet - (8002
New leading 3dze ' <0009

Large fillet and new lLeading edge - 0007
The large fillet 1s therelore the most favoreble arrange-
ment end is recommended fou» us:z on this ai;-p lans. The
additional drag of this fillet; however, has not been
included in bhe high-speed setinatos. - Jowparison of
figuwres 33, 36, snd 37 show: the effect of tae e;?.ZL cooler
ducts vpon the mecdel ocuipp «d with the large fillet. It
wiil be noted Thet the duc:s whth 2-percent lnlet elimins ed

e galn due to ths large Illes by redueing the maxlusmr

v,
o~

it coaffliclent to that ¢ talnesd vith the original



£213et {fig. 3L). The ducts with the lL-percent inlet,
however, hed a decf&eﬁ.-y less detrimenial e~fecta

The pesults of a few tests with the loag fuseliage nose
and Prestons redisior insteliations ere shom in figures 38
to i, It will be noted that the wmaximum 1ift coefficilent
obtalned with the long fusclage nose is slightly higher then
that obtained with the short nose, The \tjfzv«;ﬁ flush type for-
ward radistor instellations with ‘Toincﬂ exit flap deflected
Z;Ej inereased the maximum 11l nearly ar muf‘h as the large
filliet, Thia 18 zioribubed Lo the mmtj’.atm:-? installation
sotting up fevorsble turbulence over the wing roots. The
reay undsrsliung racdiator with inleds scoop and outlet flaps
open markedly deereased the maximum 1174 bslow that ob-=
tained with the sucoth nose.

4 surmmury of the foregoing rasui'?;s_ 35 presented in
table Vo —
Langley Memorial Aeroneutical Leboratory,

Netionzl Advisory Comriltitee for Aeronauntics,
Lengley Fleld, Va., Jenusey 11, 1940.
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JTABLE II: HIGH SPEEDP DRAG SUMMARY

;;!l ;l‘ ‘i!l

TEST CONDITION s, { o o
NATIONAL ADVISORY
IMITTEE FOR umm ;
—_ 00173
CONFIDENTIAL
SMOOTH CONDITION
00006 00179
WING DUCT OIL COOLERS
00003 00/82
00001 00183
00003 a.0/186
ooooe 0.0/88
"WING GUNS
—r— aoole 00200
[ ————] e
PRESTONE RADIA 70R DUCT




GHORD LINE~

NACA FLAF

NACA FAIRING

T

MILITARY RATING AT 12000 FT. ALT REQUIRES 4280 CU. FT/MIN AT HIGH SFPEED AND 4130 CU F T/MIN. IN CLIMB

INLET OUTLET AR QUANTITY | DRAG INCREMENT | DUCT FROPERTIES®
CU FT FER MIN. AT 12000 FEET 4C, @ G -02 - G0z
N b AREA ARRANGE- FLAP AREA C.-048 | c.r0/2 | FORCE |MOMENTUM | EFriCiENCY | FOWER
X CHORD | % CHORD | 5@ IN MENT FOSITION | SQ. IN |V = 206 MFH|V=430MFH| TESTS  |MEASUREMENTS 7 COLITICIENT G
3% ey /89 ORIGINAL cLoseD 225 2640 6770 - 00006 sz s
21 461 233 ORIGINAL CLOSED 225 3360 6620 00009 00006 as¢ ez
2% 46 2 233 ORIGINAL 15" ) 4550 8370 - o - -
i &y 46 % 233 ORIGINAL 30" 337 4640 8180 - - - -
1% 422 189 ORIGIVAL CLOSED 225 2960 3420 aooo? o007 006 028
' % 422 189 NaCA costp 237 3060 5940 - 0008 008 029
/% a2 /89 NAacA OPEN 350 3360 4450 - - - -
22 461 213 NACA CLOSED 237 3590 6070 - @ooo7 az2 ar7
2x 46% 233 NAGCA OPEN 350 oo 7330 - - - —

’¢. - m'w; CP -

(SEE REFERENCE



TABLE IV
CARBURETOR INTAKE SCOOPS

-
e
ase
-

Characteristics

Inlet ‘
Type Area : . ACp
(eq. in.) Quantity | Ram antity C.=0,12
1bs./hr. |(% q) [bs./hr.
7 13 - 95.0 . | 13,820 0.0010
' f B b -——  |97.0 |[10,390 +0007
RECHNRREL, T T S S 37.1 -— 97.5 7,930 - 0008
26,9 7,960 [97.0 |1k,940 . 0005
| < 26.9 6,170 [98.0 |12,420 .0003 -
(ﬁ forward __ | 26.9 5,260 [97.8 8,310 0001
26.9 0 - - 88.0 o 0000
_—| 21.8 22 N --- -— 70.5 |12,100 -.0002
s N | 27,8 15 63.0 5,580 [73.5 9,810 . 0000
- Flueh - 27.8 9 457.# 3,720 |61.6 7,200 . 0000

Flow characteristiocs are corrected-to 12,000 feet altitude.

Military rating requires 8,100 pounds of air per hour.




TABLE V
MAXIMUM LIFT SUMMARY

Large wing fillet and new lesding edge." (Figure 12)

Bmooth condition

Large fillet only

New leading edge only

Large fillet and new leading edge

Wing ducts (outlet flaps open). ( TableIII)

2% inlet, original outlet. Qggg;nal wing fillgt
2; " NACA

" " 4 " " "

"

1’ : : : 8 -I‘i'!"’ : "
Prestone ducts (long fuselage nose on). (Mgures 6 10)

Smooth condition

8mall flush rorward 1nlet, z' exit flap
Large " "
Rear duct, 30° 1n19t flap, 5" exit flap

¥Wing slots

Blots closed
Blots open

4 nax
Flape & Flaps &
l‘. Go up L. GO m
1,23 1.66
%.gg 2,01
1.59 5,08"*
1.56
1.2
1.66
1.63
1.79
1,28
b2
13
1,32 1.61
1.3 1.61

® Bmall forward carburetor sooops and exhaust stacks on.

. NATIONAL ADVISORY
CONFIDENTIAL ~ OCMMITIEE FOR ARRONAUTSS

#% Landing gear up, flaps down,

Run
Neo,

ui& ‘)

39.750

8
%
[§)

R



FIGURE |, = INSTALLATION OF THE XP-li6 on THE FuLL-ScALE
WIND=TUNNEL BALANCE SUPPORTS,




(A) | PERCENT C INLET IN PLACE,

ORIGINAL OUTLET, FLAP FULL OPEN, LN ;o Ay ouTrEY
. v FLAP FULL

FiIGURE 2« = OIL COOLER WING DUCT INSTALLATIONS,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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REVISED FORWARD INLET, FLUSH INLET, ORIGINAL FORWARD INLET,

FIGURE 4. = CARBURETOR DUCT INLET ARRANGEMENTS, EXHAUST
STACKS AND FLAT WINDSHIELD IN PLACE,
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FiGureE b = UNDERSLUNG DUCT ARRANGEMENT FOR F ORWARD
PrReEsTONE RADIATOR INSTALLATION,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
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Fieure 8, = LARGE FLUSH INLET FOR FORWARD PRESTONE
RADIATOR DUCT; 7= INCH FLAP ON OUTLET,

L. ADVISORY COMMITTEE FOR AFRONAUTICS
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Fiaure 14. = XP=l6 WiITH LANDING GEAR AND FLAPS DOWN.
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Fiaure

16,
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Figure 20: Velocity distribution at rear radiator.
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