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ABSTRACT

An investigation was made in the Cal Tech-Merrill low
speed wind tunnsl at Pasadena City College to determine the
11t and moment charecteristies of a sweptback wing end e som-
parable delta wing, both with e 65° sweptback leading edge and
e double wedge symmetrical airfoll seection. Both wings were
teated Qibh and without a fuselage. ﬁeading edge flaps and
slats, trailing edge plain flaps, split flaps, Fowler type
flapg, snd fillets were tried to determine thelr effects on
. thess characteristics. The complete airplane was designe& with
the idea that it should be a tallless airplane.

The results showed unfavcrable longitudinal static sta-
bility characteristics wh;ehbaould‘be improved, but vwhich
could never be dqmplabely_cvercama at the stall when the wings
wore tested with the fuselage. A horizontal tall aurface.wéa
necessary for lengitudinal static stabllity at'ﬁhe stall but
proved ineffeotive at the lower angles ar'attack, 

| ;‘l‘he maximun 1ift cdeffiaients for both wings of about 1.3
were higher than for a two dimensional double wedge eirfoil
section of approximately 0.8. The angles of attack at which
these were reached were about twice as high es for the two
dimenaional section. 7 | |

Tuft survejs showed the rormation of two atrdng'vortices
from the leading edge of both wings firat appearing at an angle
of attack of approximately 10°. These vortices separated fram
the upper surface of the wing before reaching the trailing edge.



Comparison of results for the two wings indicated that the
discontiﬁuity of the trailing edge at the root of the aweptback
‘wing was detrimental to the meximum 1ift.

‘ There was an optimum deflection of the trailing edge split
flap as a high 1lift devices. - | |

. On the delta wing alone the plain flapa were very effective
in increasing the meximum 1ift while the split flaps were in-
offective.

Ailerona.on‘the sweptbhack wing were effecfive at all angles
of attack through the stall.
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I. INTRODUCTION

At the present time there is considerable interest in end
- work being done on the problam of designing wings for flight
at supersonic spéeds which possess thé proper.characteristies
at subsonle speeds. |

It is well known that a'supersonic wing must have a thin
section which preferably has a sharp leading edge. Also, if
the wing is to be used on a tailless design, it must have oon~
sidérable sweepback for control. Because of the thin section,
structural considerations require that the wing have a fairly
low aspéct retio. \

The above requirements intreduce certalin problems concern-
ing the aerodynamic characteristics or the wing. The'sweepback‘
of the wing and the thin pointed airfoil section can both be -
expected to produce a lgv.maximum 1ift coefficient. Sweepback.
can be expected to produce,tip stalling, and the combination
‘of sweepback and low aspect ratio will give poor longitudinal
stability and high angles of attack for the high 1ift necessary
far landing. |

Thus this 1nvsatigation wes undertaksn to obtain systematic
results for various high 1ift devices to be used principally at

low subsonic speed.
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II. EQUIPKENT AND MODEL3

The wind tunnel tests of this investigation were run in
the low speed 2-foot by 4-foot Cal Tech-Herrill wind tunnel at
the Pasadena Cilty Collége. This tunnel operates at & maximum
dynamic preSaure.of 13.56 pounds per square foot (approximately
80 m.p.h.). Force measurements were made on the three com-
ponent balance usually used in this tunnel. The model was
supported upright @n two_struts to the wing trunnions and a
strut to tha'tail. In the tests of the wing alone the rear
support strut of the balance system was attached to a steel

sting mounted on the lower side of the wing.

Sweptback Wing lodel: The first model tested, that of the
- sweptback wing, was one previously constructed according to a
'superaonic tailless airplane design by Frank Dore {reference
1). The wing had a double wedge syrmetrical airfoil section
with maximum thickness at the 50 per cent chord polnt. This
maximum thickness was 8 per ocent of the chorﬁ at the root sec-
t1on and £ per cent at the tip. The model was made of mehogany.
All measurements in per cent of chord weré made conéidering

the chord parallel to the direction of flight. This wing had
a leading’edga sweepback of 650, giving the 50 per cent chord
line a sweepback of 61°. The aspect ratic was 1.72, the taper
patio 0.513, the area 98.35 square inches, and the span 13
inches. This wing was mounted in the fuselage of Dore's de-

sign. (See figs. 1 and 3.)
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The flaps used on this wing were of durai sheet of suffi-
cient thickness for rigidity. They were secured in place by
Scotch tape. WOOdeh blocks were used to maintain the deflec-
tion angleé of the split flaps. The dimensions of the various
flaps are given in the figures. Fcr'the‘ailercn effectiveness
tests ailerons were cut into the wings'and dural angles used
to hold the éilefona at the various deflections. The treiling
edge £illet plates used were flat sheets of dural secured in
the plane of the wigg bhcrds. vwing fuselage fillets were
forméd ﬁith médel wak.

,Tha.horizontai tail surfaoea, when used, were atbtached st
two different heights on the #artieal fin. They were made of
.040 inch durail sheet and their dimensions are given in figure
7. They had an area of 18.2 square inches, ah aspect ratid
of 1.50, and & leading edge sweepback angle of 650, The ver-
tical tall surface of .064 inoh dural sheet had 10 per cent of
the wing areas, an aspect ratlo of .64, and a lééding'adge
sweepback éngle’o: 65°.

Delta Wing ﬁ&éel: The delte wing was machined from

Jeweler's brass. The wing was made with the ssme leecding edge

'sweepback'angle-and.aréé”aa the sweptback wing forlcumparison
feaaans. This gave an espect ratio of 1.86 and a span of 13.54
inches. The airfoil in thia case was also a double wedge.sedu
. tion with the maximumn thiakhag# at the 50 par-cenf chord point |
with 5 per cent thickness at the root section, Plain flaps were
made'ag ﬁart of the wing. All further‘flaps'were attached as
with the sweptback wzng.' (See fig. 4.)
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ITI.. TESTS

The meximum dynamic pressure used in the tests was 13.5
pounds per square foot, The dynamic pressuie was reguiatad by
setting the voltage on the electric motor driving the tunnel
fan. Thus the dynamic pressure dropped as the temperaturs
went up and especlally as the angle,bf éttack of the model was
increased. It dropped as much as 10 per‘éent on some tests.
Also it was convenlent because of the limitations of the bal-
“ance in neasuring moments to run parts 6f many tosts at & dyna-
mic pressure of 8 or 9 pcunds per square fogt. This wss also
necessarylbn hot days‘tq preserve the wax fiilets ir ihey were
being used. - Repetitlon of runs over this range of dynamic
'preaaure'gavelno»measurablé change in force and moment coeffie-
clent messurements. The Reynolda number.rénge was approxi-
mately 228, ,000 to 475,000 based on the mean aerodynamic chord.

The forae tests were run through a range of angle attack
from- »40 to as high as 40° depending on the stall Inerements
of 4° were used up to 28° and then 1narementa of 2° were used
to get a better 1dea_or the shape of the curves. Thevturt
tests were run\rrdg -5° up to the stall, In this case thav$n~
crements were lafgor, since 1t was only desired to investigate '
changes in the aharécter of the floi. |

The flap deflectioﬁs given in the figures were measured
from the surface of the wing on the sida‘frcmiwhich they were
deflected. | - |



IV. CORRECTIONS

The purpose of the investigation was to find the charéc-
teristics of the modéls end the relative effects of vérioua
modifications rather than any absolute force measurements.

For example, it was desiréd ﬁo find éffeets of modificatlons
on the moment curve; Thus certain corrections were not gpplied
in the presentation of the data.

No,wind tunnel wall corrections were applied. ¥ith thése
highly swept wings 1t would not seem ldgical to apply-the‘
aﬁailable correction forrulas for straight wings. Thus the
‘ corrgcted'angle‘or sttack at chsx.max be a little greater
then that in the data, because closed section tunnel correc-
tions on av ere additive. |

The apparatus did not allow for inversion of the model or
for the use of dummy struts. Thus the angle of zero 1ift 1is
not corrected. It will be noted in flgure 43 that the zero
lifﬁ angles are not equal to zero as would be expected fbr
syrmetrical airfolils. Previous experiments in the tunnel head
indicated’an inclination in bhe_fiow of about -20 minutes at
the wing struts. Thils can hardly explain the angles of zero
1ift of from one toc two degrees. ’

In attempting to find an explanation, a careful check was
maede with a surface plate to see that the leveling surface on
the model and the plane of the wing were parallel. Also in the.
delta wing slone tests a dummy sting was mounted on the top
side of the wing meking the model QOmbletely synmetrie, but no

changse in the 1ift and moment coefficlents wna measursble.
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The best eiplanatian seems to be that there is a curvature of
flow in the tunnel which could effectively change the angle of-
attack~of these highly swept models of low aspect ratio.

‘8ince drag vaslnot one of the primary'conaidératiqna in
thié 1nvesﬁ;gation; the following simple procedure was used to
meke corrections. The drag of the support struts alone (no
model) was measured and the results reduced to a coefficient
based on the wing area of the model. This value turned out to
- be CDT=.010. ‘This was theh‘subtracteﬁ as a écnatant term from
all model drag coefficlents over the entire angle of attack
range. Wo attempt was mede to estimate the effect on drag of
the 1ntérference ﬁetween gupport struts and model.

All force and moment coefficients were calculated on the
basis of the area of the baéic wing. Additional areas of the
verious flapé ave given in the figures. |

The moment coefficlents of both wings with and without
fuselage ﬁare caleulated about the aerodynamic center deter-
mined-from the average slope of the_mament curve near zero
1ift for the iing alone. 0ddly enough the.aerﬂdynamic center
was at 0.343 ér the mean aserodynemie chord for both wings.
| . Because of the high angie of attaeck to which 1t was neces-
sary to take the wingé, the tips or trailing edge of the wings
gpproached rather elose to the floor of the tunnel owing to
the‘sweepﬁack.‘-Thia maj have had some effect on the measure-
ments made at high angles of attack, especlally in the case of
the fuaeiage with a tall.
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V. RESULTS AND DISCUSSION

The results of the force measurements are .shown in
fipures 33 to 68, Some of the results of the tuft tests are
- showvn in figures 25 to 42.

’The Sweptback Wing: The wing alone results given in

figure 45 for the sweptback wing show a chax of 1.21 which
is considerably greater than a CL of about 0.75 to 0.80
to be expected of a twa dimensional wing of the same section
(reference 2). This is attained, however, at an angle of at-
tack three or four times as great as that of the two dimen-
sional section. It 1s interesting to note in reference 5
that for a similar wing with a_highuspeéd airfoil section the
wing CL decreased from that of the two dimensional alrfoil
aeetion. In this case also the angle of attack of.the swepte
back wing at Cgmai was considerably incraasgd from the two
dimensional case. -

As 1# réferenoé.s, at about the time the moment. curve be-
comes unsteble there 1s e deerease in the slope of the 1lift
curve. This is discussed in the reference and similar boundary
layer phenomens were obéerVed in our case. .There 1s a hook in

the stable direction at the top of the moment curve.
| The results of the wing with full span split flaps of
chord equal to 26 per cent of the wing chord are shown in
figuré,éG.' There is an expected increaae in 1ift. The flap
deflections of 40°, 609, and 78° ell give about the same in-
crement of 1lift at the lower angles of attack, but the 1lift
increments drop off at the higher angles of “attack with those
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of the higher flap deflections dropping off first. In fact,

Op _ with the flap defleoted 75° 18 0.12 less than with the
wing alone. The moment curves show the expected positive mo-
ment. The moment curves for the 40°, 60°, and 75° flap defleo-
tions all have unatabléyhooks at the stall. Of those tried,
the 20¢ deflection seems to.be the best.

Since full spﬁn split flaps would be.impraﬁhicgl with wing
control surfécea, tests wafe run with the 70 paé cent span
‘flapa of the seame chord as shown in figure 6. The results are
given in figure 47. The partial span flaps were a little less
effective at low angles but gave just as high,ma;imumvli:t as
the full span flaps. Thls 4s probably due to the fact that
the flaps are ineffective in the spanwise flow on th@ outer
portion of the wing which the tuft studies show at high angles
of attack. | ‘

Full span nose fleps of‘lo per c¢ent chord as nhnwh in
figure 7 were tested. The results ere shown in figures 48 and
49, The 1ift increment increases with angle of attack, and
the optimum deflections of 120° and 160° give an increase in
chéx of aboﬁt 0.25. This implies it 1s édvantagaous tQ ime
prove the flow at the leading edge. The moment curve 1s, how-
ever, considerably more unstable than that of the wing alone.

Combinations of the full span nose flaps and split flaps
were tested. The results in figure 50 show the combined ad-
vantage of the 1lift increment at low angles of attack due to
the split flaps and the high.ﬁlh ‘due to nose flaps. There
18 no increase 4n qﬁn&x over thazxof the nose flaps. The mo-



w0 -

mant'curvea are somewhat more stable than for ﬁhe nose flaps,
;Eut the unstable hook of the aplit flapa prevaila.

The effeot of adding the fuaalaga 1s gshown in figuro 45.
There is an increase in 11£t ut angles.abcvo 10° and an in-
vcrease in’ Cgmgx,\.mhia is dia#usaqd-later. The addition of
‘che'ruasflag@ gives ah u'natamé‘ hook to the end of the moment
ourve as aontrasted to the stable hook for tha wing alone.

- Pull span saplit rlaps were then tested with the fuselage,
~and the raaulta are shown in fignre 51. Tba increase in lift
due to the flapa is not as great as wiﬁh the wing alone, whiah »
fact can prabably be axplained by the 1nab111ty of the fuse-
'1aga to carry the 1oads across it. Aiao in this case the split
flaps gave practically no inoreasa in ¢

Results of teating full span naaa rlapa wiﬁh the ruaelage
“are shown in rigure 52. The results ave similar to those with
‘the wing alone exnopt that the moment curve ahows less 1nsta—
bility. cembinatians of nasa flapa and split rlapa with re=-
sults shewn in figure 553 gave no unexpeetod resulta.
| An interrupter plate was put on the upper surface of the
- wing as ahown in r&gnre 10 to see what erroat wcula be obtainad:
by trying to prtvent the spanvise flow indiantad by the tuft
~ studles. The results are shown 1n figure 54. &hor# is a de-
crease in 1ift above dn-angle of attack'af.12°, whioh is about
the engle where the spanwise flow and vortex formﬁbibn.became
praminent, Thus it appears that attempeu to prevent the apan«y
wisa flow are detrimental to 1ift.



-~ 10 -

A 50 per cent span leading edge slat as shown in figure 7
was tried with a view to improving the flow over the sharp
leading edge. No increaée:in ;irt.is observed in figure 54.

In fact over most of the angle of'attack‘fange_the'lift.ﬁas de~
creased. Tuft studies showed that the flow behind the slat

was chordwise even up to the stall wvhile it was spanwise withe
out the slat. Thus agaln the obstruction of the spanwise flow
seems to be detriﬁantal»to 1ift. Also the use of leading edge
slats for the improvement of stebility does not seem to be in-
dlcated by these results. It should be remarked héra‘that the
‘effects of leading édga slats, because they are used fo 1mpr0ve
the flow over & sharp edge, are very oritical to geometry.

Thus these results for one slat should not be considered in
any way conclusive. v' | |

A 40 per cent span split (figufe 55) gave some improve~
ment in the slope of the mament curve up to about 24° angle of
attack. | | ,
.A 25 per cént ﬁpanlleading edge slﬁt (figure 55) gave a |
definite lmprovement in the moment curve over that of the 50
per oent span slat. This leads to the supposition that a more
stable moment curve can be attained by epplying high lift de-
vices to the outer portion of the wing. The results of a com-
bination of these last two configurations is also shown in
figure 55. -

The results of testing 50 per cent span and 25 per cent
span nose flaps are given in figuré 56, A noticeable_improva»

ment in the moment curves was obtained over those of the full



spen nose fleps. A small emount of this improvement 1s due to
the fact that the partial span nose flaps were run with the
wving-fuselage fillets installed. It thus seems that the moment
curve or thoflongiﬁudinal statlic stabllity can be improved}by
epplying the high 1ift devices to the outer portion of the
wing as was supposed. | |

'Results are shown in figure 57 of the partial span traile
ing edge flaps (Fowler type). Thaée'flaps,gaVQ‘more stable
mament curves than just the wing with the fuselage, but gave
large mcmonts'to be balanced by a tail.

‘Because of the improved moment curves obtained with the
'partiél span nose flaps of 10 per cent chord, a 25 per cent
span nosé flap of.EO Qer cent chord was tested. The results
are given in figure 58. This configuration gave the straight-
- ost moment curve thus far found. The curvé, however, still
. has the unstable hook at the stall. The 40 per cent tralling
edge flap was also tried in cdmbinatian_w1ﬁh"this'nosa'flap
with the result to be expected {(figure 58);

Then, because of the acute angle at the root of a swept-
vack wing, a fillet plate at the wingwfﬁselago Junetion as
showvn in figure 16 was used. It was alsb'tested with the above
nose flap. The results in figure 59 show that the increase in
Cp, at high angles 6f attack was coﬁsidarablé; although of ‘course
this is baséd on the original wing area. These fillet plates
cavged the moment curve to slope in a stabie direction except

for the hook at the stell.
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Up to this point the wing and fuselage combination always
have an unstable hook on tha monent §urve-§t the stall. A
horizontal tail surface was tested at two different heights
'(rigurea 17 and 18) and the expected stable hook near the
stall shown in figure 60 was obtained for the moment curve.
However, it is very noticeable that the usual stabilizing
effect of a horigzontal tall surface behind a stralght wing is
‘not present at lower angles. Thus the downwash behind this
l6w aspect ratio aweptbaek'wing is evidently such as to make
the horigzontel tail sﬁrrace rathar-ineffeétive as & means of
producing a atabiiizing moment .

Allerons were cut out of the wing as shown in figure 1.
These were tested with both ailerons being deflected in the
Lsame direction, because the balance could not measure rolling
moment. At the low engles of attack the effect of deflection
on 1ift is apout‘lihear as shown in figure 61. ﬁoﬁavar, at
high angles of attack there is & positive deflection giving
maximum effectiveness. This is the same phenomenon observed
for the sp11£ flaps at high anglea of attack.

The Delta Wing: The delta wing shown in figure 4 was
teaéed alone'énd the results are shown.in figure 62. The qﬁn
of 1.36 is 0.15 higher than for the sweptback wing. (Sge .

figure 43.) The moment curve is somewhat straighter than thaﬁ
- of the sweptb#ck wing alone. In the case of the delta wing,
as in the case of the sweptback wing, the wing slone has a
stable hook on the end of the moment curve while the addition
of the fuselage makes the hook unstable.
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Tiith the wing aloné 2 plain hinged flap of constant nhord,
namely 25 per cent bf.the mean aerodynamiec chord (figure 4),
was tested and the reéults are glven in figure 63. They show
that as far aé 1ncraaaed‘lift 1s concerned these is an optimum
deflectlon, probablyinear 20°, Por the 20° flap'déflection an

increase in C of 0.25 was obtained, and the anglé of attack

- for chéx wasg?giered from 34° fpr the wing alone to 28°.w1th
the flaps. The great advantage of this flap 1s the increase

in 1ift at low angles of attack. For example, at a = 16° the
;irt'is doubled. Bowever; as would be expectéd, the pitching:
moments are very large snd are also unstable and erratic.

| A split fl&p of the same size as Qhe plain flap was tested
at 200 deflection and gave only about 0.6 as much increase in
Cp, et low angles (figure 64). The c’m’; with this flsp was
0.04 less than for the wing alone,

The results of #ddlng the fuselage to the dolta wing are
given in figure 62. Tt will be noted from figure 46 and fig-
ure 62 that the wing-fuselage rillaté were considerably more
helpful in increasing the 1ift for the case of the sweptback
wing than for that of the delts wing. This can probably be
related to tnehgfeat improvement in Ggm glven by the trall- .
ing edge fillet pletes slready diacusée;f In other words, the
adute~angle formed by the trailing edge of the sweptback wing
and the fuselage is a discontinuity detrimental to the ﬁaxlmnm
11£t. This is Yorne out by the faot that the delts wing alone
had a cqmax 0.15 greater than the sweptback ixng alone;
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Another way of looking at the same thing is to 100k first
at the offect of the fuselage on the wing alone. Adding the
fuselage to the sweptback wing increased Ggmax about 0.07,
whille adding 1t to the delta wing decreased CIimax about 0.08.
If this difference in maximum 1ift can be attributed to the
smoothing out of the trailing edge dlscontinuity, then It would
be expected, as found, that any further filleting at the trall-
ing edge of the sweptback wing would be advantagdoua to CLmax.

At this point the raapect&ve wing areas covered by the
fuselage should be considered. The percentage of the delta
wing covered, 42.8 per cent, is of course greater than thab of
the sweptback wing, 31.8 per cent. However, it is to be ex-
pected that the 1lift is almostlcampletely carried across the
fuselage.“.Thia is confirmed by the relative ineffectiveriess
of the wing-fuaelage‘filleta in the case of the delta wing.

The area decrease from the wing elone due t0 the covering of
the front point of the wing is the same for both wings. |

' The plain flaps were then tested on the delta wing with
fuselage. The results are given in figure’65. The cqmparieon
betwoen the 20° and 40° deflections is similar to that when
' they were on-the wing alone. The increment of 11£t~1§, however,
not as great as wiﬁh éhe wing alone. This ls probably, as
with the full span split flaps an;the sweptback wing, due to
the inability of the fﬁaelage to carry the load across it.

A full spen nose flap of chord equal to 10 per cent of the
wing mean-aerodynqmic chord was teated and the results are

given in figure 66. There is an lncrease 1n‘11ft over the
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wing-fuselage alone proportional to the effestive angle of
attack as with the iﬁaptback wing. In this case, in contrast
to the sweptbank wing, bho'ineréase in thax is too great to
be attributed- antirely to the increase in wing area. The
moment curves are unstable but fairly straight.‘

Again, as in the case of tlle sweptback wing, an attempt
was made to obtain.a stable #oment curve by applying a high
11ft device to the outer portion of the wing. A 25 per cent
span noae/flap of chord equal to 20 per cent of the wing ——ry
aqrodynamié 6hord was used and, although there was'no.notioe-'
gble increase in 11ft, there was enough improvement in the
moment curve so that 1t might be called "neutrally stable” as
shown in figure 67. The hook at the end of the moment —
is also in the atable‘direction.

- The same horlzontal tall surface was tested with the
delta wing.aa with thé sweptback wing, and the results given
in riguré 68 are similar. They again shaw that the downwash
behind the low aspect ratio wing makes the horizontal tail in-
sffective as a means of obtaining atability excopt at very high
nnglas. ' ‘ _

- Tuft atudiaa'yera made, and some of these are illustrated
in figures 25 to 42. Some of the findings of these studles
have been menﬁionod in the preceding diaeuaaion Tha character
of the flow at the leaﬁing edge led to atudying the flow above
the wing with a stresmer. It was found that at angles of at-
tack above aﬁaut 10° a vortex was formed aﬁ sach ha;f‘ef the

‘wing along a considerable portion of the sharp leading edge.



This vortex lmmedliately converged and passed the tralling edge
of the wing as a strong single vorﬁex above the surface of the
wing. This is illustrated in figure 42. Thus the tuft pic-
tures of the tufts on the wing surface do not glve a very com-
- plete plcture of the flow.

In figures 25 and 26 ara shown tuft plctures of the sweptn
back wing alone. At -5° and 0° angles of attack the flow on
‘the top surface 1s smooth and in the free stream direction.

At 5° a path of spanwise flow appears. At 10° a definite path‘
of spanwise flow is evident. It was this that led to the ob-
-servation of the vortices mentioned gbove, At 20° the pisture
is about the same except that the "path" has moved inboard..
At 30° the apanwise flow is developing from most of the lead-
ing edge, and éonaiderabie turbulence is observed on most of
the outer portion of the wing. At 34°, whieh 1s about the
angle of maximum 11ft, the pleture is about the same. At 28°
there is ét111~a further increase in turbulencé.

In figares 37 to 30 the tuft pictures for the delta wing
alone show essentially the same phenamanon. The cnly ﬁoticé»
able dirferenﬁa aeema to be that the "path" goes to the point
of the delta wing whera_on the‘aweptbaek wing it crosased the
treliling edge about two-thirds of the way from the root..
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VI. CONCLUSIONS

The results of low speed tests on a low aspect ratio
highly sweptback wing and e comparable delta wing iﬂdioate the
- following: |

1. The maximum 1ift coefficient of both the sweptback
wing and the delté wing was much higher than for theitwo dai-
mensional airfoll section data. It was also attained at a
~much greater angle of attack due to the low aspect'ratlo‘or
the wingQ" v

2. For traiiing edge split flaps as a high lift device
there was an optimun deflection. That is, at high sngles oF
attack a flap dofleqtion greatar~than about £0° no 10ng§r gave
an increase in lift. |

3. The discontinuity of the geaﬁetry of a’swnpt~baek
wing at the’root was detrimental to high 1ift. Thus aﬁyﬁhlng
tending to 11l this diacontinuity'gave an 1ncreaaeiin‘max1mum
1ift coefficient. | . | A

4, Wigp the two wings tested with the fuselage it wﬁa
noﬁ possible to atﬁain gtatic 1dngitudina1 sﬁability at the
atall withaut a hcrizontal/ﬁail'aurfacs. There was, however,
a considerable increase in stability with partial span leaéing
edge fiapa.' This agrees with éeference 3.

§. The horizontal tail surface was ineffective in the
| downwash behind the wings tested almost uptil the stall angle
waslteached. | o

6. Above about 10° angle of attack, when the spanwisa

flow became notlceable, one vortex was shed from the leading
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edge on each side 6f the wing whieh separated from the wing
surface before it reached the tralling edge.

7. The plain flaps on the delta wing alons were very
effective in inereasing the meximun 1ift while the split flaps
of the same size were 1neffect1ve; Alab the plain flaps with
‘a deflection or'29° were twlce as effective as the split flaps
in increasing 1ift at 1ow angles of attack.

“ 8. Allerons bn.tha sweptback wing were effeotive at all
angles of attack through the stall. This indicates the absence
of a "tip stall" on this low aspeet ratio highly sweptback
. . _
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CODE OF MODEL CONFIGURATIONS

Superseript on flap configuration refers to the angular

‘displacement in degrees from the retracted position, meesured

perpendlcular to the flap hinge line; hence F14° is the par-

tial span split flap deflected 40 degrees.

W

Basic sweptback wing, /A = 65° at leading edge, aspect
ratio = 1.72, taper ratio = .513, double wedge section,
area = 98.36 square inches,

Basic delta wing, /A = 65° at leading edge, aspect ratio =
1.88, double wedge section, area = 98.35 square inches.

‘Horizontel sweptback tail, 18.5% wing erea, mounted 1.84

inches above thrust line.z\.z 659, aspect ratio = 1.80,
taper ratioc = .74, area = 18.2 square inches.

Same as Hj, mounted 3.68 inches above thrust line.

Vertical sweptback tail, 10.0% wing area, /A = 650, aspect
ratlio = .64, taper ratio = .83.

czrcular fuselage with full length eir duct, used with W
and W,

Wing-fuselage fillet, 1.62 inches radius at thickest
section. :

Full span apllb flap used on W, 25% chord.

Partial span spiit flap used on W, 70% span, 25% chord.
Full span split flap used on WBV, 26% chord.

Partial spen split flap used on WBX?, 40% span, 25% chord.

Partial span trailing edge flap used on WBXV, 40% span,

full span plain flap used on W,, 25% M.A.C.
Full span plain flap used on W, BV, 25% M.A.C.

~ Full span split flep used on W,, 25% M.A.C.

Full span nogse flap used on W, 10% chord.



- 23 -

Full span nose Iiap used on WBV, 10% chord.

Partial span nose«flép used on WBXV, 50% span, 10% ehord.
Partial span nosé flap used on WBXV, 25% span, 10% ohord.
Partial span nose flap used on VWBXV, 26% spah. 20% chord.
Full span nose flap used on BABv, 104 M.A.C.

Partial span nose flap used on ﬁhﬁv, 25% span, 20% M.A.C.
Partial span 1§ad1ng edge slat, 50% span, 154 M.A.C. -
Partial spen leading edge slat, 25% span, 15% M.A.C.
Interrupter plate, .6 inch high, full chord, located at
ig%)?f span not covered by fuselage (2.42 inches in from
Tralling<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>