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Motivation

A OpenVSRan modehightlift surfaces using simple
shearing of the airfotoordinates. This is an
appropriatelevelof complexityfor lower-order
aerodynamic analysis methods, such as vortex
lattice.

A For higherorder analysis method§paneland Euler
codes), actuahree-dimensional surfacesustbe
modeled,particularly for slats and slottefiiaps.

A No directmethod for controllingcomplex flap and
slat motions parametrically or intuitively.
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Goal

A Establish @et of best practices for modeling
hightlift components in OpenVSP at a level of
complexity suitable for highesrder analysis
methods

I Flaps and slats modeled as separate three
dimensional surfaces

I Controllingmotion using simple parameteis the
local frame ofeference
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A Modeling HighLift Components
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Modeling HigHLift Components &

A Components of the higthift configuration (main
wing, slat, vane and flap) modeled separate wings.

A Planformlayoutfor components identicato the
complete wing (same span, tip chord, root chord,
sweep, dihedral and twikt

A Component airfoitoordinatesuse fractional chord
but normalizedby the chord of the full wingection.

A Transitionsegments allow for neardgliscontinuous
change In crossection.

A Flap and slat surfaces can be assigned to separate
sets to visualize and export independently
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EET AR12 Example

Hightlift Configuration
(Stowed)
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EET AR12 Example
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Outline

A Deflecting Flaps and Slats
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Deflecting Flaps and Slats

A Problem VSP transformations (XForm) are defined
relative to thew wy andd axesc whereas we want to

specify flap and slat transformations relative to the
hinge axis

ESEEEE=)
L Wing )
Gen| XForm| sub| Plan | Sect| Airfoil
Coord System: [~ Rel I Abs
XLoc |3 1 <| 0.000
Yioc |3 1} <| 0.000
Zloc || 1 <| 0.000
XRot || 1 <| 0.000
YRot || 1} <| 0.000
ZRot || 1 < 0.000 | 0.000
Rot Origin(X) ||| | jm——0.000
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Deflecting Flaps and Slats

A Problem VSP transformations (XForm) are defined
relative to thew wy andd axesc whereas we want to
specify flap and slat transformations relative to the
hinge axis.

A Solution: derive method to allow the user to directly
specify flap motions relative to the hinge axis.

A Approach define User Parameters for flap
transformation relative to hinge axis, and use
Advanced Parameter Linking to calculate the
SljdzA Gl £ Sy G GNI yATFT2NXI A :
parameters
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Definition of Hinge Line i

(o hohy )

)
A Flapwith semispan
A Hinge line betweer, (o hthd ) andny (o hd iy ) where
G Jo @ &)

A Hinge axis dihedras, OE T(—) and sweepy OAI1 (—)
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A oaxis lies in the plane of the flap, orthogonal to the
hinge axis (approx. chordwise).

A i -axis is aligned with hinge axis (approx. spanwise).
A ¢-axis is orthogonal tavandi (approx. vertical).
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Deflection relative to hinge axises

A Inboard end of hinge axis translated by

NVV

(3w hrse ).

A Outboard translated byzwhei et ),
where

~
b

ey w 3w 3m) (3¢ 3t) »
. AT O 30 T

A Component rotated around hinge axis by

~
b
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Translation i w@oordinates

A In & wdoordinate system, deflection of inboard end
of hinge axis Is

30 . 30A O
3 3W 3w A 3@ Bl 3¢ OBl
301 3 OBIOEl 3¢ Als(

A Outboard deflection is

30 3N @ 3 OB
31 30 3OATSOEBE] 3i ATs@1¥0 3¢ OEaI
30 0 OBIOEl 3 OBAITYO 3¢ Al3C

A New semispan, dihedral, and sweep:

O Jo 30 o sw) @ 3¢ & 34)
3 oer( ),x A'ro( )
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Flap Transformation Steps

1.

Translatethe flap by 1 so that the inboard end of the
hinge axis coincidesith the flaporigin.

Rotate abouthe waxis by the negative of thdihedral angle
( 3)so thatthe hingeaxis lies in th& Ttplane.

Rotate abouthe ¢-axis by thesweepangle(¥) sothat the
hinge axis coincidesith the waxis.

Rotate aboutvaxis by thdlap rotation angle ).

Rotate abouthe ¢-axis by the negative of the nesweep
angle ( v).
Rotate abouthe waxis by the newdihedral angleq ).

Translate by] 3] sothat the inboard end of the hinge
axis coincides with its new location.
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Transformation Matrix

O: O: O
O: O: O
O: O: O
c: E: &

CTI TT T P
Where

O OBIOELTATYY AI3QT-O0KIATYO Al3@ I v® Bl
) ATsOELTATYYO OBAT-OO0OKHEAT¥Y OBA I v® Bl
0

OBOKHI(OEFOBI AT-00KIAI30
é
(etc.)
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OpenVSP Transformation Step@

1. Rotate around thex-axis by angle.
2. Rotate around theovaxis by anglé.
3. Rotate around thevaxis by angla.
4. Translate along the vectos-{dB-oiB-d).

0

A OA O AlT@EI OEI 300
OEIOE IA 'rO ATT@WET ATIAT1O OBEIOEIOERT OEIAITIO 30
OBEIOFT AT @EIAITOOEIATIO ATI@WEIORT ATIAITIO 34

Tl Tl Tl P

If these transformations are equivalent, then
0O O.
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Solve by Inspection i

A DA O AlT@EI OEI
OBEIOEIATTO ATI@WET ATIAITO OEIOEIOERI OETATT_@
OBEIOEBT AT @WEIAITTOOEIATIIO AT WEIOET ATIQAATIO

Tt Tt Tt
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Equivalent Transformations

T C’)ETE)

' OE'W@

ETO

AlrO
8
9

O

3
3+
30

-8, 8‘
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Implementation

( -y_u I

[ Adv Parm Links )

[ User Parms
Predef| Create |

[ Add l Slatin_Deflection i
SlatOut_Deflection

“ Vaneln Deflection
VaneCOut_Deflection

Flapin_Deflection
Del All FlapOut_Deflection
U UUU | Name: |‘u’ane\n_Deﬂec1i0n
|
L j 0.000 Parm Picker
l: ﬂ 0.000 Container 0-UserParms |+
l: j 0.000 Group User_Group_0 |2 l
l: ﬂ 0000 P Parm User_0 |¢l
i
l: ﬂ 0.241 / Var Name: |
l oA Add Input Var ] [ Add Output Var ]
Inboard vane translation/rotation input Parms utput Parms
VAR_NAME PARM GROUP CONTAINER VAR_NAME PARM GROUP CONTAINER
i b TotalSpan  WingGeom vane_inboard x X_Rel_Local XForm vane_inboard
in Vaneln_Xin High_Lift_0 UserParms ¥ Y_Rel_Local XForm vane_inboard
0.000 zin Waneln_Zin High_Lift_0 UserParms Z z Z_Rel_Local XForm vane_inboard
B xout Vaneln_Xout High_Lift_0 UserParms arot X_Rel_Rotat XForm vane_inboard
A ﬂ 0.000 Fanit Vaneln 7ot Hinh 1ift 0 1l=erParms vrnt ¥ Ral Ratal ¥Farm vane inhnard
1l A n a0 . . .
- Calculate X _ Locatlon Y Locatlon Z_ Locatlo
Inboard vane hinge axi&® |

000

-----

sd = =in tdelta/IZd}

H

double beta = asin(sg0*(cl0*%*s11 - cli*slO*cd) + cgl¥cll+ad);
double cb = cos(beta);

double alpha = -asin( (- sg0*%(sl0%(sgl*sd - cgl¥*sll*cd) - cgl*clO*cll) - cgl*{sgl¥*cq
double gamma = -asin{{cg0¥(cl0*sll - cll*sl0%cd) - cll*sgO+sd)/chk);

x = dx0 #+ ®in - =min*(sl0%*sll + clO*cll*cd) - zin*(sgl*(clO*sll - cll¥*sli*cd) + cgl
v = dy0 + zin¥*(sgl¥(sl0%(sgl¥sd - cgl¥*sll*cd) - cgl¥*clO¥cll) + cgO¥(sgl¥*cd + cgl¥s
z = dz0 + zin - zin%(cg0¥(cgl¥*cd - sgl®sll¥sd) + ag0%(=l0%(cgl¥*ad + =gl¥sll¥cd) + 4

xrot = alpha * r2d;
yrot = beta * r2d;
zrot = gamma * r2d;
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Example

% | OpenVSP 3.12 - Sat 23/05/15 5 [E=N o

File Window View Model Analysis UnDo Help |

OEFi EET AR12/0ptimized Flap D EET ARz Stowedvis3 | OpenVSP 3.1.2 - Vehicle SketchPad |

Transformational Tools and Technologies Project



Outline

A Gap, Overlap and Relative Deflection
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Gap, Overlap, Rel. Deflection

A Problem: flap and slat translation and rotation
tends to be specified in terms of Gap, Overlap
and Relative Deflection ().
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Gap, Overlap, Rel. Deflection

A Problem: flap and slat translation and rotation
tends to be specified in terms of Gap, Overlap
and Relative Deflection ().

A Solution: determines® , 3¢ , 3w, anda¢
that correspond to the desired gap, overlap

and|

A Approach: posprocess OpenVSP geometry to
calculate gap, overlap ahd. Use constrained
optimization to solve fosw , 3€ , 3w, and
3E .
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EET AR12 Flap Settings

&

Overlap/c | Deflection, deg

Slat
Vane

Takeoff

Flap
Slat
Vane

Landing

Flap

Outboard vane
0.05

takeoff.lfondmg

—v-"_ .
takeoff landing

—&— Inboard

—@— Outhoard

-0.05
0 0.05 0.1

Ac

0.15 0.2
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