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swept-back ving hes & lover minlmum drag than the unswept wing and
" ite pute of drag increase with Mech nusdber s also much less.
The swept ving maintains this sdvantage of lov minlmm dreg wp to
a flight Meck nuder of spproximately 1.9. At this rlight speed,
the effective Mach muder for the swept wing 1s about 0.8, and the
effoct of comyressibility is to incremse the minimm drag coeffictent
in o mumer snalagous to that for the unmswept wing at = flight Mach
muber of 0.8, Above a flight Mach mmber of 1.9 the unswept wing
has the lower minisum drag. It 18 spperent that by using sweep
angles greater than G0°, we might maintain the advanmtage of sweep
v“mm““. Bowever, because of practieal con--
sidevetions the amount of sweep that can be wsed is limited.

The mext speaker,. . .., will disouss some of the problems of
qummwm
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PERFORMANCE OF SWEPT-BACK ¥INGS
Hewson Mas, H. J. Walker, or Jumws Summers

In the design of airplenes that are to be used for long renge
transport or bouber service, the primayy criterion far the predic-
nn-emumxmmmmucmw
the efficliency of an airplane as a load earrier. This type of alr-
plane should be designed to cruise at a speed and altitude vhere the
meximm possible lift-drag retio is utiliced. In this discussion
we will gonsider the performance of verious airplanse which will be
assumed to be fliying in this optimm condition at all times.

Extensions in top speed with mropeller driven airplanes have
boen attained by the use of higher wing losdings and by incresses
in ovailabls power. However, further substantial increases in
meximm speed may be reslized by flight et very high altitudes. To
indicate the possibilitiss of flight in the stratosphere, suppose
that an adrplane flying at cbout 300 miles per hour at sea level
could mintain the same drag and thrust charscteristics at higher
altitudes and Mach musbers. mm(m.x-))mum X
£11ght Mach muber could inerease with altitude. uumm
under 12 miles, the flight Mach muber is slightly in excess of 1.5
which corresponds to & speed of 1000 mph. However, the initial assumpt-
tioms that were made, comstancy of dreg end thrust characteristics,
mist be satisfied. The maintenance of thrust at these speeds and
altitudes is possible when we consider the use of a turdo-jot engine
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regard to the longitudinal stability of the airplane, vhensver the
center of 1ift 1s behind the cemter of gravity, the atirpleme, after
being disturbed, tends to return to 1ts ariginal attitude mch in
the mumer that s weathercock staye lined up with the wind. On the
other hand, with the cemter of 1ift abeod of the cemter of grevity,
the airplens is wstable. You will note that he veristisn of tho
cemter of 1ift for the svept-back wing is quite small end regular.
On the other hand the varistion for the unsvept wing is so large
and irvegular that it will probebly require & large horisomtal tail
to be wsed in conjunction with the ving to provide longltudinal
stability ot sll spoeds.

A factor in the control requirement cetegory 18 revealsd om this
seme graph which shows the angle of attack required to maintein e
constent 1if% coofficient. The curve for the unswept wing has mseh
the larger and more irregular varistion. This meens thet as changes
in spesd ave made, the lomgitulinal comtrol will have to be applied
frequently and gensrously in changing the sttitude of the alrplsne
to mintain the preper 11ft and keep the sirplone flying straight
and level. These frequent control manipulations would lmpose
excessive demands on the pilot of the plane with the unswept wing.

The next chart (£1g.5(1)) shows how an tmportent laterel
Stability pavameter, the effoctive dihedrel angle, varies with Mah
muber. These curves are for vings vith no geomotric dibedral.
Hote the reversal of the sign of the parmmeter far the imewept ving
as you proceed from subsenic to supersomic speeds. This indicates
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that the aileren deflection vequived to hald ings level in sideslip
wvould reverse in sign somewhere in the tramsenic remge. As the
fiight yesearch group has pointed out, the pilots consider this
aileron yeversal as signified by the negative dihedral effect to be
& very unesirable situation.

 On the adverce side of the argument for swept-beek vings it
mist be admitted thet, at present, there is = serious problem that
has not been satisfuctorily solved. The prodlem 1s cme of obtaining
a lift-drag ratio in the landing attituds that is sufficiently large
to keep the sinking speed as well as the forwerd speed within ressan-
able limits., This problem is caused by the relatively earldy tip
stall of the swept-back ving. The cbvious modifiscations that might
be applied to remedy the situstion such as slots or slats, special
ﬁm.whﬁhmm.uummw
tip stall samswhat, but do ot provide a complotely satisfastery
sclution to the problem.

In summry, I wish to say that the superiority sttributed to
the asrodynanic characteristics of the swept-back wing in this series
of talks was in no vay istended to prove that an alrplane with an
unswept ving cannot be flown at transonic or supersonic speeds. It
is now common knowledge that the IB-l, for instance, has been flown
&t supersenic speeds. We have merely tried to indicate that the
swept-back wing is the move efficgient of the two in the tramsemic
ani moderately supersonic range. This then is the reasom that the
swept~bvack wing must be considered for the supersonic trenspert
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airplane even though this plan form may be associated with landing
problems far more serious than those thet exist for the unswept
plan forms. Mr. ‘ vill now demonstrate the 1- by
3-foot supersonic wind tumnel. |
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