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SUMMARY

A low speed survey was conducted on & B.44 aspect
ratic wing having a 650 swept-back leading edge and double
wedge symmetrical airfoil section to obtain information as
to the effectiveness of various high-lift devices. These
devices included trailing edge split and extended split

flaps, leading edge split flaps, slats and combined config-

}m‘

urations. Tests were carried éut on bhe wing with and
without the fuselage and horizontal tail surface.

The split flaps increased the 1ift over the lower
ranges of angle of attack only. The extenﬁéd split flaps
inereased the 1ift over the whole angle of attack rang
Nose flaps showed practically no gain over any of the range
when used by themselves. However, wihen combined with the
trailing edge split flaps in the wing-fuselage configuration,
the'optimum.maximum.lift conditions were obtained. 4addition
of the fuselage and horizontal tail surfaces each produced
considerable increments of 1ifv.

Tn all configurations except leading edge flaps in
the inboard position undesirably large negative pitching
moments resulted. However, they had stabilizing tendencies

except where there were irregularities in the 1ift curves.



I. INTRODUCTION

With the advent of transonic and supersonic aircraft,
there is associated the problem of landing. The wing plan
forms as well as airfoil secbions of these airplanes by
themselves do not produce the necessary 1ift at low speeds
to make landing runs safe or practical. For this reason
an experimental investigation was carried out to determine
the relative merits of various 1ift ﬁeviceé on a supersonic
Wing.

Recently, considerable attention has been focused
on this problem. Since the plane is designed to Ily at

high speeds, the aerodynamicist would like to use tThe sharp

g

leading edge airfoils and swept wing, both of which lead
to structural and low speed performence difficulties.
Consequently, some compromise must be made in the design.
Jensen and Koermer (Cf. Ref. 1) investigated a swept-
back wing of 65° and a delta wing both having a double wedge
symmetrical airfoil. Their generzl conclusions were that the
wings were satisfactory with the proper high 1ift devices.
Lowry and Sehneiter (Cf. Ref. 2) tested a wing with 60°
"sweep-back and a low drag airfoil with results similar to

those of Ref. 1.



This report concerns itself with a wing having a
higher aspect ratio than those in the reports mentioned
above., It was desired to compare results with those of
Ref. 1. Therefore, the same wing area, root thickness
ratio, sweep~back angle, airfoil section and fuselage were
retained. Ilence, with the two reports one should be able to
determine the effectiveness of 1ift devices when the wing
agpect ratio has been changed. ilso, several different high
1ift devices were tested with the hope of obtaining soﬁe

which were more effective,



IT. DIESCRIPTION OF EQUIPMENT AND MODELS

All tests were carried out in the Cal Tech-blerrill
wind tunnel which is located at the Pasadena City College,
Pasadena, California. This tunnel is a low speed, closed
return, rectangular test section type. The maximum speed was
about 72.6 H.P.H. which corresponded to & dynamic pressure
of about 13.5 pounds per square foot.  The model was mounted
in the normal attitude on & three-strut support. The balance
system was a three-component type which enabled the reading
of 1iTt, drag and pitching moment simultanequsly. fhe
wing without fuselage was mounted on trunnions at the mean
aerodynamic chord and a tail sting. The fuselage was such
that it could be clamped to the wing and tall sting.

Wing Model: Details of the model can be seen in Fig. 1.

The wing having an area of 0.682 sg. ft. was milled from a
piece bf solid annealed brass stock. AL the center, a solid
brass rod was mounted which served as the tail sting. The
sweep-back of the leading edge was 65° while that of the
guarter chord line from the leading edge was 64°. The wing

rer ratio of 0.5 and an aspeet ratio of 3.44. The

T
£

had a ta
root thickness was 4.28% and the tip thickness was 4.55%. The
larger tip thickness was due to model fabrication reasons.
A1l chord measurements have been taken in the free stream

~direction. The twist and dihedral were both zero. The



airfoil section was that of a symmetrical double wedge with
the maximum thickness at the 54% chord station.

Fuselage: The fuselage used was one described in Ref. 3
and the details are presented in Fig. 2. The model was split
down the centerline so that it could be clamped to the wing
and sting. Wing-fuselage fillets were put on with modeling
clay after assembly.

Lift devices: All flaps and slats were made from

0.015-inch shim stock which were fastened to the wing with
Scoteh tape. All flaps were fastened to the lower surfeace
of the wing so ag to be on the low velocity side of the wing.

o

In the case of the split flaps, (Cf. Fig. 3), swmall pieces
of modeling clay were placed between the flap and wing to
preserve the angle setting.

The horizontal ﬁail surface was that described in
Ref, 1. Tbtowas made from 0.040-inch dural sheet and could
be mounted at two different heights on the vertical tail
surface as can be seen in Fig.? . This surface had a total
area of 18.2 sguare inches, aspect ratio of 1.50 and leading
edge sweep-back angle of 65°. The vertical tail was made from
0.084-inch dural sheet. The area was 10% of the wing area.

The aspect ratio was 0.64 and the leading edge sweep-back

angle, 65°.
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IIT. DESCRIFPTION OF TEST PRUGRAM

Although the tunnel could be operated at a meximumnm
dvnamic pressure of 13.5 pounds per square foot, the tests
were carried out at 8.2 pounds per sguare oot which corre-
sponded to a Reynolds number of about 244,000 based on the

mean aerodynamic chord. The reason for this lower speed was

to evoid the vibration in the model rigging which made

he higher speeds.,

A1l of the force tests were run freom an angle of
attack of -4° to 40° by increments of 4° and 2° depending
on the regularity of the data. In all cases, the increment
was 2° near the stall. Guite often it was necessary to use
20 throughout moét of the range to facilitate fairing of the
curves.

The trailing edge extended split flap runs on the

[oF)

wing alone were made at defledtion angles of 0, 20, 40 and
60 degrees over the complete angle of attack range. Then,

in order to approximzte better the Cr, vs flap deflection

A,

curve, runs were made near the stall at an angle of attadék

of 10 and 30°. Similar runs were made for the trailing ed &
& g

fonts

split flaps. In both cases of split and extended Split flaps,
the above runs were carried ocut with flaps of 40, 70 and 100%

span.  All the trailing edge flaps were 23% chord.



The tests of 50% span nose flaps of 10 and 20% chord
were ca::ied out on the wing alone. Both inboard and outboard
positions were tested with flap deflections of 20 and 400,
Also, for the wing alone a 100% nose flap of 10% chord was
tested. Again the deflections were 20 and 40°. The final
wing alone tests were those of two nose slats having chords
of 15 and 23% mean aerodynamic chord measured parallel to the
wing centerline.

With the fuselage on the wing the following were
tested: 40 and 82% span split end extended flaps with deflect-
ions of 0, 20, 40 and 60 degrees; round-nosed nose flap of
50% span, with and without 40% span extended trailing edge
flaps.

For the case of the fuselage, teil and wing combination,
the following were investigated: no flap condition, extended
split flap of 40% span with round-nosed nose flap of H0U% span
with the horizontal tail in the upper a;&’lower positions.

Photographic tuft studies were made of numerous flap
configurations..These studies were made with the tufis taped’
on the wing. Other studies were made with & long tuft at ﬁ@e
end of a probe to gain knowledge of the flow in the regions

removed from the wing.



IV. DISCUSSION OF CORRECTIONS

All force and moment coefficients were based on tThe
area and mean aerodynamic chord of the wing alone., The
pitching moments were transferred to the mean aerodynamick
center which was determined by approximating the trunnion
moment vs 1ift curve by a straight lire rather than arbitrarily
selecting the slope at zero 1lift. In this way an aerodynamic
center was obtained at 5.7% mean aerodynamic chord. Compubing
moments about this pOiﬁt gave a pitching moment which varied
much less with angle of attack than one taken about an
aerodynamié ¢enter which was referred to the zero 1ift region.

At high angles of attack the data may be slightly in
error since the wing btips were near the tunnel flcor. Lo
corrections were made for this effect since wall corrections
for such & highly swept wing were nolt available.

?he‘model rigging did not allow for model inversion or
use of dummy struts so no zero 1lift corrections were made.
Also, the @ing alone showed zero 1lift at an angle of attack
of 30' which seemed to agree within experimental error with
the 20' flow inclination observed by other investigators using
this +tunnel.

The only drag correction was a coustant sﬁrut
tare drag coefficient of 0.01L0 which was subbracted from all

values of the drag coefficient. o estimate of strut interference

drag was attempted.
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V. RESULIS AND DISCUSSION

The results of the force tests are represented in

Figs. 12 through 31.

Plain %ing and Wing With Fuselage: Refs. 4 and 5

conclude that a two-dimensional double wedge airfoil such

n

1S Was sélecteé for this investigation has & CLmax. of from

0.7 to 0.8. The swept back wing tested showed a Clmax. of 1.18
which was nearly twice that of the twe dimensional wing. This

fact is not Sta?tllﬁ“ when one con31aers the very high sweep
angle and taper ratio of O.ﬁ.‘ The anglie of attack for CLmax.

was reached at 38° for this particular case.

Pitcehing moment characteristics of the wing alone
were quite favorable <throughout the whole range of angle of
attack when referred to an aerodvnamic center at 5.7% M.A.C.
Trom the leadiﬂg edge. &8 mentioned before, this point we
gselected as the aerodynamic center in order to obtain a more
nearly constant piteching moment. It may be ncted that in
determining the aserodynamic center from near the zero 1ift
point results in a location of roughly 36% mean aerodynamic

chord which in turn would show the wing to have & notably

unst

c*!

eble tendency when the angle of attack is over 5O°.

211 pitehing moments were

o

Throughout the remsining tests, ¢

computed about the H.7% L.A.G. point.
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The tuft studies shown in Fig. 32 through 37 show
that at high angles of attack the wing tips begin to stall.
The portion of the wing near the point stalls even at mod~-
erately low angles of attack. This seems to indicate slight
separation at parts of the sharp leading edge.

The addition of the fuselage to the wing caused an
increase in Clp,,. to 1.3 (Cf. Fig. 13). Moment character-
istics were about the same as for the wing alone except that
with the fuselage the destabilizing tendency at the stall was
not present. |

Split Flaps: Generally speaking, the split flaps on

the‘wing without the fuselage were detrimental to CLmax.‘
This seems to agree with the results of Ref. 1. Unly in
the case of the 100% span split flap coundition was any gain
in CLpgy, Treeélized, and then only 0.02. The 40 and 70% span
configurations all gave lower meximum 1ift than did the wing
alone as indicated in Fig. 15 and 16. Flap angle decreased
the maxizum 1ift in zll cases except for thé 200 deflection
of the 100% span flep, where the above gain was observed.
However, in the lower ranges of angle of attack, up to about
120, the split flaps increased the 1ift with the optimum flap
‘angle of roughly 50°. For the intermediate range, there

tion which seemed to indicate a rather radical

}=te

existed & trans



change in flow conditions. TFor bthe split flaps the moment
tendencies were of a stabilizing nature except in the range
of transition mentioned above., This result was observed in
Refs. 1 and 2.

The results for the wing with split flaps and fuselage
are shown in Figs 17 and 18. Here agaln the pecullar trans-
ition range was observed in the moment curves. The overall
effects of the flaps with the fuselage on the wing were the
same as with the win ng. without the fuselage. 1t seems, therefore,
that the flow conditions were not radicelly changed by the

fuselage. With the fuselage the optimum flap angle for CL@”X

=
AKX e

was about 40°. 4% this deflection, the CLm was 1,34 Tor the
82% span condition which corresponded to a full flap from the
fuselage to the wing tips. For the 40% span flap the maximum
1ift was lower than tndt observed with the wing and fuselage
alone., Thus, it can be concluded that in the case of the wing

with fuselage and split flaps nearly all the gain in meximunm

J

1ift resulted from the addition of the fuselage and not the
flaps. Alsc in the lower 1ift ranges, the flaps incr ed
the lift as they did in the case without the fubelag

Extended Split Flaps: Fig. 5 is a dre ”1n of The

extended flaps. They were not called Fowler flaps since they
were fastened directly to the wing without any gep.
Lg shown in Figs 19 through 21, the extended split flaps

.

on the wing without the fuselage gave an in T“USC in 1ift

@

throughout the angle of attack range. 4lsc, 1o be observed



s the fact that the optimum flap angle for CL g, WaS 20°.,

[l

1

n all cases, the smount of 1ift increased with the amount
of span covered by the flaps. A test was made at 00 flap
deflectiog in order to determine the effect of flap area
addition alone. The result showed that flap deflection
inereased Or, .. 0.04 over that of the 0° deflection state.

As with the split flaps, the extended split flaps
showed increase in 1ift with flap angle in the lower 1ift
ranges but in the neighborhood of 200 angle of attack the
transition range agaiﬁ occurred. As with the split flaps,
the transition in iif% was accompanied Ly an unstable tendency
as shown by the piteching moment curves. As could be expected,
the zddition of the extended split flaps resulted in large
negative pitching moments which were as large as =-.55 for
the 100% span flap at a éezWecblon of AOO It is questionable
whether so large a moment could be overcome with permissible
tail length and surface.

From the veiwpoint of increasing the max imum 1ift,
one can safely say that the exbended split flaps are much more
effective than the split rlaps, producing at times, an
inerement in Ct of 0.45 (Cf. Figs. 14 and 19).

max.
Nose Flaps and Slats: In order to improve the flow

over the wing by preventing the early separation at the leading
edge as a result of its sharpness, it was decided to try
various ramifications of nose flaps and slats. These are shown

in Figs. 7 and e.
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Figs. 24 thréugh 27 show, without exception, that
the maximum 1ift was increased by these leading edge Lift
devices, The maximum lift coefficient rsached here was
1.4, obtained through the use of the 50% ndse flap in the
inboard ©position. Probably a more important result than
this increa sé in lift in the upper ranges only is the iact
that the 1lift curve no longer has the transition region
observed with the flaps in the trailing edge position.

This seems to ind dte that there has been some improvement
in the flow cornditions which may make the trailing edge
flaps more effective in the upper ranges wi re before they
experienced a decrease in 1ift rdte. The nose slat showed
practic&lly no change in wing characteristics when used by
itself. For this reason no fuyther tests were carried out
on it. |

Coming back to the nose flaps, Figs. 20 and 26 show
the expected result on the pitching moment when the flaps are

1

placed in the inboard and outboard 3Gsitions. Placing the

flaps inbozrd glves the wing unstable tendencles but &t the
same time glves a slightly greater increment in maximum 1ift
than when in the outboard position.

The round-nosed nose fla? shown ir Fig. 11 whén used

by itself increased the maximum 1ift coefficient by 0.02



while in the lower ranges the lift was slightly de-

creased ~ {Cf. Fig. 30} ,.,But as with the nose flaps,

o3

h

the 1ift curve was fairly regular and the moment stabiliz-
ing, even if large at high 1ift.

The addition of the fuselage, 40% span trailing edge
extended flaps and round-nosed nose flaps, (Cf. Fig. 30),

produced a maximum 1ift coefficient of 1.80. The wing and

fuselage curves of Fig. 13 showed 1.30. Iiose flaps increased

this figure to 1.32 when used without the treiling edge
flaps. This shows a gain of 0.02 (Cf. Fig. 30), The
extended trailing edge flaps in Fig. 21 showed a gain of
0.22. 'This means that by using the combined configuration
the increment in Cr, .. of 0.06 was added to the sum
obtained by using the nose and trailing edge flaps separ-

ately. In addi ﬁlcn the magnitude of the pitching moment

03

is of the same order as for the trailing edge flap alone

but now has stable charactberistics throughout nearly the

.

whole angle of attack as indicated in Fig. 350.

KMiscéllaneous on”*”urutleS' rReferring to Fig. 31,

the effect of the horigontal tail surface was to lncrease
the maximum 1ift coefficient by 0.12 when the wing and

fuselage with no high 1ift devices were tested. TFor this
same case the maximum negative pitching moment coeffieieﬁt
was increased sbout 150%. Stable tendencies were present

through the complete range.
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The combination of wing with leading edge round-
nosed nose flap, the trailing edge extended flap, fuselage
and horizontal %ail gave the maximum 1ift coefficient of
1.8 Which shows &an increase of 0.62 over‘that obtained from
the wing alone. The moment curve shows defiﬂite‘stable tend-
encies over the whole range with a maximum moment of - ,70.
(Cf. Fig. 31}, It is noteworthy thet the definite transition

o

region witnessed when the wing was tested with trailing edge
devices alone was decreased, if not eliminated, by the addition
of the nose flaps. <The pitching moment 1s very large when
these configurations are used but stable tendencies are

{

evident.

Flow Conditions: In order to investigate the trans-

ition region which was encountered with the use of the trailing
edge flaps, it was decided to conduct & tuft study of the

wing especially in those regionsg where the 1lift and moment
eurves were most irreguiar.

Considering the curves (Cf. Fig. 15) for the wing
with the 70% span split flap set at a deflection of 20° one
can see the irregularities in the 1lift curve which are
accompanied by corresponding irregularities in thé moment
curve. Fig. 32 shows the tufts corresponding to an angle
of attack of zero degrees. Fig. 33 is the same configuration
only at 8° angle of attack. Slightly aft of the tio, one

tuft has begun to fluctuate rather violently while at the



midspan position, the tufts are stationary but starting

to slant outboard from the wing centerline. Lone of these
ications were evident at zero degrees. Fig, 35 shows

conditions at 16° angle of attack. Here the tufts are follow-

ing the patbtern indicated at 8° only in & mueh more exagger-

!...J

ated manner., Cutside of the reglon near the tip, there
still is no oseillation of the tufts. Yet, they are being
inclined more and more. By this time the lift and moment
curves show definite changes in force characteristics. Figs.
26 and 37 show the wing at an angle of atbtack of 200 and 2@?

alled

peto

n

C";'

respectively., Up to this period the wing has not st
the usual sense, However, there is turbulent flow at the

4

the wing. This seems to

th

leading edge near the point o

indicate that there might be sevaration from the sharp leading

A survey of the region adjacent to the wing with &
long suft fastened to the end of a probe geemed to indicate
that at each side of the centerline of the wing a large
vortex was shed which seemed to start at the separation

edge shown by the contact tufts. This

fmd
!.Jc
B
7

- point at the

t passed downsiream, reaching the

jore

vortex built up in size as

area asbhout 4 inches above the wing in some cases.

Fig. 39 shows the same separstion

2

starting at the leading edge near the tip for tine plain wing.
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The subseguent pictures show flow bent away from the sting.

This means bthat the two vortices are shed even by the
plain wing. Here the effects on the force curves are not as

pronounced as they were with tie flapped wing.
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VII. CONCLUSIONS

H'k
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From ﬁhis investigation fora 3.4
tapered, highly swept-back supersonic wing the following
conclusions may be drawn:

1. The r mum 1ift ecefficient of the swept-back
wing was about 65% higher and occurred at & much
angle of atback than for a two-d imensional wing having The
same airfoil characteristics.

2. Split flaps by themselves were detrinental to
meaximun 1ift coefficient but increased the 1ift in the
lower ranges. Optimum flup setting for the %i‘g alone was
20° and for the fuselage, 40°.
| %. nIxbtended split fleps increased 1ift over th
whole range of angle of attack. Ior the lower ranges, the
optimum flap angle for Lift was over 600, the meximum

angle tested. For the maximum 1ift, the optimum angle was

=0°.
4, The effect of the nose flaps was to increase
1ift at the higher ranges but not at low angles of attack.

The general influence of the nose Tlaps was to decrease
the effect of the transition range in the Llift curve.
5. The meximum 1ift coefficient of 1.78 was obtained

with the combination of the round-nosed nose flap, 40%

extended split flap, Ffuselage and horizoantal tail surface.
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for all trailing edge cowmbinations tested, except where
there were irregularities in the lift curve.
7. The effect of adding the fuselage t0 the

wing wes to increase the slope of the 1lift curves and

improve stability.
vroved stability and

2. The horizontel

added to the maximum 1ift.
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