YodaDevelopment

The design process, and some of the technical rationale and benefits for
the design
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Almprove the usual performance stuff
ALaunch height
AThermal capability
AWind penetration
AMinimum sink
Aa. f I KZ o0fl KZI o0fl KEXOD
Almprove handling qualities
AReduce pilot workload while in the air
A Easielguckturn-around capability
Aal 1S GKS LI IFYS Y2NB aFdzyé G2 TFfte

In other words, what all f3k aircraft designers have strived for in the past 20+ years
The one change was that | increased focus on the handling qualities



Design Process

Vladimir asks for | spend a bunch
new plane design of time designing

with only small
Improvements

The current design paradigm is rather mature, hard to find anything other than incremental gains
L ¢2dzZd R FAYR tAG00tS StSYSyida OGKFG OFy LINRPOGARS |
commit Vladimir to a new design




Design Process

Vladimir asks for | spend a bunch Vladimir requests
new plane design of time designing LI O] (157

with only small SESIE
Improvements

| ignore Viadimir as

small improvements
Aady Qi 327
for a new design

L ¢2dz R FAYR fAGGES SESYSyita G4KIG Oy
commit Vladimir to a new design

The current design paradigm is rather mature, hard to find anything other than incremental
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Design Process

Vladimir asks for | spend a bunch

new plane design of time designing

with only small

Improvements
| try yet again to
FAYR (K
f SOST ¢
performance, and
am unsuccessful

| respond to Friends mention
+fF RAYA ¢ that Vladimir has
| been trying to get

in touch with me

Vladimir requests
status on new
design

| ignore Viadimir as

small improvements
Aady Qi 327
for a new design

Vladimir asks
friends whether
Joe is okay as he
Aay Qi

This design loop repeated numerous times in the past couple of years




Concept Evolution Process

Vladimir asks for Joe reminisces Lightbulb goes off
new plane design I 60 2dz0 0 time for what was

status yet again 2f R RI &3 old, becomes ne
he flew 4 servo again

Joe also wants the
stability from
polyhedral, which
also was done in the

wing hlgs
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early days ofllo



Concept Evolution Process

Vladimir asks for Joe reminisces Lightbulb goes off
new plane design F62dzi time for what was
status yet again 2t R RI éé old, becomes ne
he flew 4 servo again
wing hlgs

Serious design e " _
optimization occurs Vladimir makes a Joe flies the new

with the assumption prototype as well plane for a bit,
of polyhedral and and has similar and realizes this i

four control surfaces SEICH a really great ide

The final result was a new plane.
People kept asking when the
Snipe3 was coming out. This was
a new style of plane, and
deserved a new name. The
name selection process is bes
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Joe also wants the
stability from
polyhedral, which
also was done in the
early days ofllg

Joe modifies a Snipe
to have polyhedral
and 4 servos,
combining the two



Polyhedral 4 Servo Wing Benefits

ABetter stability for lower drag penalty than equivalent single dihedral wing
ALower drag when using ailerons

AWing and horizontal tail adverse interactions virtually eliminated

AMuch better handling qualities, especially when thermal camber is used

AMuch easier control mix optimization
A Use flap differential to eliminate aileron to pitch cretssk
A Use aileron differential to minimize adverse yaw effects

AVery good handling when full flaps are deployed
ALower risk of control surface flutter due to smaller span control surfaces

| will quantify the drag improvements in more detail later



Design Incremental Improveme

AEasily removable and replaceable fin
Almproved structural integrity of the fin

Alntegrated wing fillets, placed on the fuselage
ABest to have the interface on the surface with a thicker boundary layer
AProvides positive lock on the wing mount to fuselage

A30 mm shorter nose as compared to Snipe2
AReduces wetted area, reducing drag

AFin planform updated for lower drag and lighter weigt




Performance Comparison at Cruise

AData from AVL for cruise condition with no contro| RS- —————
deflections I SN
AThe comparison will be for the drag differ@uce for |-
flaperon deflection vs a separated flap andNalilero | ————

control system to get the same roll response

ANote, comparing wing alone performance, not
capturing gains from fuselage and tail (s vosa
improvements cdf [0.01670.0170

cdi {0.00450.0043

ANote2, | show both aileron deflection dafg2oziaooat:

Gain 0% Ll ooy TrTOLE Plong
assuming wing is fixeés well aslata for when o JP i M N
wing Is rolling. The data that matters IS Detween |JEIEEs———————————
the two, likely closer to the constant roll rate data e e e e e
due to the very low wing roll inertia 1 A S S R S

Gains for cruise are due to fuselage wetted area reduction, better
wing/fuselage integration, and better vertic@il rather than wing



Initial Roll Command

Sniped

o = 1.2381 pb/2Y
& = D.00DA qc/2V
M = 0.000 rb/2v

Alleran 8. 1000

Rapid change in lift vs
span causes high induced
drag, as seen in the CD ¢
cdi numbers

CL 0. 4000

Cy = -0.0361
CDh = D0.0135%
CDy= D.01357
Ch,= 0.0DDOO

AvL 3.32

Trefftz Plane

___|snipe |voda |
__[cain | 9.6%

Yoda

& = 1.1545 pb/2V
£ = D.00D0 qc/2Y
M = rb/2Y
Flap D.0000
InbdFlap 3.3000
Rileron 10.0000

Less disruption to lift
distribution results in less
induced drag penalty for
initial roll input

CL D.40D00

Cv = -0.0358
CD = D.0l10&6
CDhy= D.01088
Ch,= D.0DO00O

Cl is rolling moment, the control
deflection for the flaperon and
aileron/flap is set to have the same
rolling moment

Cl =

Cm

AYL 3.32
TrefTtz Plane

Induced drag is reduced considerably with four wing control surfaces




Cl is rolling moment, the control
deflection for the flaperon and

Constant Roll Rate e

Yoda
Snipeld
1.1216  pbs2y CL = D.4DDO CI =
& = 1.1988  ph/2V D.ypOoo  Cl i 0.0000  qc/2v Cv = -0.0056 Cm
8 = 0.0000  ac/2v (= -0.0112 Cm -t 0.00D rh/2y CD = 0.0D470 Cn
M = D.00D rb/2y 0.00703 = Flap 0.000a CDy= D.ODY72 e
Alleron = 8.1000 = 0.00706 InbdFlap = 3.3000 Ch.= 0.00000
= 0.0000D 0. 00000 AvL 3.32 Aileron 10.0000 AvL 3.32

Trefftz Plane TrefTtz Plane

Rapid change in lift vs § ; : § Relatively smooth lift

span causes high induce( : : § § distribution results in good

drag, as seen in the CD (Eaus- ey § § N:3} induced drag numbers

cdi numbers : : : : :

___|snipe |voda |
_
__[cain | 12.0%

Induced (and viscous) drag is reduced considerably with four wing control surfaces




Performance Comparison at Thermal Speed

AData from AVL for cruise condition with no
control deflections

AThe comparison will be for the drag
difference for a flaperon deflection vs &
separated flap and aileron control syste
get the same roll response

Modest wing performance gains at thermal speed even without
adding camber



