On the OWg... #134

Steve Savoie® Winter 099 Scale Project N Nothrop® X-4 Bantam

It was already dark outside when the Ophone rang. On the othexseBtbes Saoie, excitedly
relating the recent successfudift of his scale U-2. By@d by a spectacular slopght, he went
on to relate his idea for another scale project N Nortrsop@Bantam Steve thought he might
be proposing an outrageous ideat, Wwe assured him succesasamore than a possibility

Our foundation for this upbeat attitude is ged from the dbrts of Giuseppe Ghisleri. Giuseppe,
who lives in Italy built a near scale X-4 foryiing on a local slopelhe model is typical PSS
construction and approximately 1/6 scdlee foam wings use the Eppler 224 at the root, Eppler
230 at the tip, and are sheeted with bal$& blue foam fuselage is\&@red with Ibeglass.The
resulting model is lightweight and thermals easily in the conditions at GroAiaa [3ying site
which has a sunating rock &ce and a lot of thermal adty. The model will spin when gen full

up elevator and full aileron, Wt recavery is automatic upon release of the sticks.

Steve, somehat surprised by ourevy positve attitude, went on to say that although loeild be
constructing the model, he thought otR&SDcolumnists might at some point beatved in
some aspect of the project.

In the end, he OhiredO us as consultants to do three things: (1) choose an airfoil for the wing, (2)
compute har much, if ay, twist should be used, and (3) determine a safe CG loc@tias.
month®column is deoted to &plaining our responses to these three requests. Because the
required wing twist is directly related to the aerodynamic characteristics of the airfoil(s) used N
zero lift angle and pitching moment N choosing an airfoil is thet kask to be tackled.

Choosing the Airfoll

As long term readers knpwe are great proponents of the EH sections for swept wing tailless
models To reiterate what we&said preiously about these sections, yHeve low pitching
moments, docile stall characteristics, and lend themaseat/reasonable modi&tions of camber
and/or thickness.

The original X-4 used theACA 0010-64 sectionThis is a symmetrical praéof 10% thickness.
Steve would like very much to be able to thermal this model, and hedagkve could recommend
a section with about 2% camb&he EH2.0/10.0 prweides the correct thickness for this model
and has sircient camber to be considered a soaring section.

Using the EH2.0/10.0 directly does pose aRitilty, hovever. Because of the cambdine
cunvature of the upper swate is noticeably greater than that of te 0010-64.The leading
and trailing edges of the wing root will be slightlyver on the model than on the full size
aircraft. This can be seen in Figure 1-A.
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To reduce this diérence, we slimmed the EHO0/10.0 to 6.5% thickness. See Figure I-Ris
modikcation should &y much impree the appearance of the model whenveig from abue, as
the resulting contour is closer to that of th&@¥W 0010-64 and the location of the leading and
trailing edges is more closely aligned to the original. See FigureTheZthinning procedure
Battens the hver surbce somehat, lut certainly not in an objectionableawwhen vigved from
a distance or inight. The lover surfce remains coex at 6.5% thickness,ub does becomes
concae if the section is thinned further

Despite being just 6.5% thick, the wing has a chogkl@nough to ensure good spar height and
plenty of clearance for standard size senkerodynamically speaking, this thinning of the airfoil
reduces the drag produced by the wing,the pitching moment remains the same because the
camber line has not been alteredv8i®f course, will hae to male the gentual choice for the
wing section, EH2.0/10.0 or ER2.0/6.5, based on taocomfortable he is withlblding and ¥ing

a thin section.

Computing the Necessary Wing Twist

The X-4 data used ifable 1 vas talen from OThe X-Plan€sywhile aerodynamic data for the
EH 2.0/6.5 vas dewed from EH2.0/10.0 polars published on the UIUC web Sitee data from
Table 1 vas input into the &knin twist formulaThe results are sk in Table 2.

Table 1: Input Data for Twist Computation

Parameter Dimension
Span 26.83
Root chord, projected to G 10.25
Tip Chord 5.0
Sweep angle (1/4 chord) 38 degrees
EH 2.0/6.5 zero lift angle, a;-q -1.0 degrees
EH 2.0/6.5 pitching moment, ¢, ~0.00

The design coétient of lift, G_gesign is the codécient of lift at cruise glocity. Travelling
between thermals should be accomplished at neutral trinv. spleed §ht and thermalling
should alvays be achie=d by inputting some amount of up\eéor, while high speedif§ht
should require only aery small amount of den trim.

Keeping the above in mind, the wing cores should be cut in one piece with 1.6 to 2.0 degrees of
twist (washout; i.e., leading edge down). Thermalling then requires some amount of up trim.






Table 2: Required Twist

CLdesign Twist
0.1 -1.6 degrees
0.2 -3.1 degrees
0.3 -4.7 degrees
0.4 -6.2 degrees
0.5 -7.8 degrees
0.6 -9.3 degrees

Determining the Proper CG Location

Determining the mean aerodynamic chord, B)Af a swept wing tailless airplan@euwd seem to

be fairly simple, and indeed it i3he difrculty in placing the CG arises when attempting to
determine an adequate static giaythe distance between the neutral point (25%CY1and the
CG.The problem is tafold: (1) the aerodynamic center must be established, and (2) the static
mamgin determined. Les@ale a look at the latter diulty brst.

If the static magin is too lage, the eleator is relatrely insensitve. The aircraft is too stable in
pitch. Lage amounts of up aelator will be required to achre level [3ght, and performance will
suffer as a result. In theawst case, there will be indedient up eleator travel to prevent an
unrecwerable dve.

On the other hand, if the static myaris too small, the elator will be werly sensitie. The
aircraft will be unstable in pitcfhis can lead to erratiadght, even when ery small control
inputs are gien, and pilot induced oscillations may cause loss of the aircraft. Inoiis¢ vase,
the aircraft is uncontrollable unless a Oblack boxO with a high feedback fydgurndnto use.
The designer stres to leep pilot input to an acceptabledéwhile reducing the static n@n to
the minimum.

This leads us back to thedpdifeculty. Since the static mgin is alvays measured in relation to
the aerodynamic centatis imperatve that the aerodynamic center be located accur#taiydo
not under ay circumstances ant to hae the CG behind the aerodynamic cerfter safety
modellers usually locate the aerodynamic center as accurately as possiblgiaifigbhetesting
with a static magin which is knavn to be lager than will @entually be found practical.

Interestingly the X-4 vas st lown with a too small static mgin. The aerodynamic center is
assumed to be at 25% MAOn its maidenight, the X-4 CG s set at 22% M@, a static
maigin of 3%, and longitudinal instabilityas in @idence.The instability disappeared when
theCG vas relocated to 19.7% MA 5.3% static mgin, and this static mgin was retained for



Table 3: Planform Geometric Data

Dimension Value
Mean Chord, ¢ 7.625
Taper Ratio 0.488
Aspect Ratio 3.52
Aerodynamic Center 7.2 behind apex

Table 4: CG Location vs. Static Margin

Static Margin CG
0.03 6.97 behind apex
0.04 6.89 behind apex
0.05 6.82 behind apex
0.06 6.74 behind apex
0.07 6.67 behind apex
0.08 6.59 behind apex

all subsequentihts. [t®interesting to note that Giuseppe Ghisteri@del fes well with a static
maigin of 5% MAC, almost gactly that of the full size aircraft.

For Steve® model, wa® recommending an initial static rgar of 6% MAC. This will require a
small amount of up trim for \el ight. As [Ight testing progresses, the CG can beedaft
while elevator sensitiity is evaluated and up trim reducelhe static magin should gentually be
found to be around 5% M& See€Table 3 for planform geometric data arable 4 for an
evaluation of CG location vs. static ngam.

Additional Items of Interest

The X-4 was not designed to reacklocities greater than soundslffimary purpose &s to
determine if sonic and supersonigift could be made easier by the elimination of the
interference between the wing shocaver and the horizontal stabilizédespite a subsonic
maximum attained speed of Mach .94, the X-4/pdoto be a good researabihncle, fuliling all
design &pectationsTwo were liilt, and both survied their [ying years without a single major
mishap.

The split drag brads on the X-4 were Ige, and both suaites could be opened to 6@okes.The
increase in drag as dramatic, and the glide ratio dropped toweddl when the brads were



fully open.The X-4 was used as a testbed to simulate the landing patterns of aircraft still in the
design stage, notably the X-Me recommend Ste construct operable drag bezkon his

model. In a recent e-mail message, he mentioned he had designed a mechanism for scale
operation of this feature.

The X-4 was also used as a researehiele for &ploring blunt trailing edged.his aspect of X-4
RBight testing vas initiated in response to porpoising at speeds of Mach .87 avel abd a
tendeng to tuck at speeds am®Mach .71The investication st involved blunting the trailing
edge of the drag brak.This was accomplished by insertingpaden blocks between the upper
and laver surfices so thecould not be fully closed-his opened the upper andvier fap

surfaces e degreesThe results were promising, and balsa blocks were inserted in the trailing
edge of the ailerons as wellhese blocks were lge enough to makthe trailing edge thickness
one half of the thickness at the hinge point (~80% chdit).porpoising and tuck were
substantially inhibited, and Scott Cros$ibwas able to safely reach Mach 0.94, the highest speed
recorded for the aircraft. Despite the possibility of making construction essoér thick trailing
edges on a model are not practical amtild marledly hurt performance.

The name OBantamO came from the aidifthutive size. Nearly\ery part of the aircraft
could be accessed by someone standing on the gron@-4 remains one of the smallest
X-planes hilt.

Thanks to Stee for ofering us the opportunity of participating in his scale project. Being such
enthusiasts of tailless aircraft, we of course had an initial interest in the project. But once we got
involved in learning about the aircraft, our interest rapidly inteatsNWe were quite surprised by

its unique features and thetent of the X-4 research dronment.We canQwait for the

build-along articles to start!

Giuseppe Ghisleri and his X-4 at a slope in Italy
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