—| Commented [3J1]: We now force NumFlaps >= 1 and

[Rotation Notation/Convention\
NumPylons >= 1 in KiteAeroDyn

X X XX
y :[/\] Y FTRY (from global to local)
z z) ||z
or equivalently:
X X X
T A oA A
=[A]yrp==[t 5 2]y
zZ z z

where X/Y/Z are global coordinates, x/y/z are local coordinates, A is the DCM from global to local, and
x/ )7 /Z are the unit vectors of the local coordinate system expressed in the global coordinate system.

- ([,0.0)

where function FEerEsreet ( ) returns the 3 Euler angles of the x-y-z (1-2-3) rotation sequence used to

2

form A (that is, first a rotation l9x about the global X axis, followed by rotation 0}, about the Y~ axis,

followed by rotation 02 about the Z’” axis ) defined as follows:

cos(0.) siN(o) 0] cos(s,) o -siv(8,) 0 0
A(Q\,Q,Q)[—SIN(Q) cos(0.) o} 0 1 0 [0 cos(9,) SIN(9 )}
0 0 | siv(e)) o cos(a)|l0 -SIN(6,) COS(6,)
(6)
(6)

€0s(0,)Cos(6.) COS(0,)SIN(0.)+SIN(6,)SIN(6,)COS SIN(0,)SIN (6.)-COS(0,)SIN(6,)COS (6.)
=[-C0s(8,)SIN(6.) COS(8,)COS(6.)-SIN(8,)SIN(6,)SIN SIN(6,)COS (6.)+COS(6,)SIN(8,)SIN(6.)
SIN(6,) -SIN(6,)C0S(0,) cos(,)cos(0,)
Note the followinig simplifications:
cos(6,)cos(6.) SIN(6.) -SIN(6,)COS(6.)
A(0.6,.0.)=| -C0s(6,)SIN(6.) COS(6.) SIN(6,)SIN(0.)
SIN(6,) 0 cos(0,)
_COS(H_,) COS( ) N( ) S]N(HX)SIN(GZ)
A(QX,O,HZ): —SIN(HZ) COS( )COS( ) SIN(QV)COS(HZ)
0.)

0 ~SIN (8, Cos(8,)
[cos(6,) siN(6,)sIN(6,) -COS(6,)SIN(6,)
A(0.6,,0)=| 0 Cos(6,) SIN(6,)

| SIN(6,) —SIN(6,)coS(6,) C€Os(6,)COs(6,)



Commented [JJ2]: This orientation of the energy kite is shown
| as KiteRoll=0, KitePitch=180, KiteYaw=0.
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KiteAeroDyn Driver
KiteAeroDyn Driver Input File
The user specifies the general configuration of the energy kite in the KiteAeroDyn driver input file. The general

configuration assumes:

e one fuselage
e two wings (starboard, port) attached to the fuselage

e one vertical stabilizer attached to the fuselage
o two horizontal stabilizers (starboard, port) attached to the vertical stabilizer

e a user-specified number of pylons attached to each wing

e two rotors (top, bottom) per pylon
e nominal circular motion of the energy kite in the port (left) direction

The general configuration of the control surfaces assumes:
o auser-specified number of flaps per wing
e two rudders on the vertical stabilizer
e two elevators per horizontal stabilizer



e variable rotor speed
e variable rotor-collective blade-pitch angles

The number of pylons/rotors, as well as the undeflected reference point (origin-red nodes in figure above) of each of
these energy kite components is specified in a body-fixed (x,y,z) coordinate system in the KiteAeroDyn driver, with
x pointed forward (in the primary direction of flight), y pointed starboard (right) (when looking in the primary
direction of flight), and z pointed down (following the right-hand rule). (The fuselage reference point is taken to be
(0,0,0).) When KiteAeroDyn is coupled within KiteFAST, the reference points are specified within the KiteMBDyn
preprocessor. These reference points enable proper spatial mesh-to-mesh mapping between the aerodynamics
computed by KiteAeroDyn and the structural dynamics computed by MBDyn. The reference points are added for
convenience in defining the geometry of the energy kite; the coordinates of all reference points may be set to (0,0,0)
if desired.

The user also specifies the ambient horizontal wind speed, including direction and vertical shear, the global rigid-
body time-history motion (translational and rotational positions and velocities) and control settings (rotor speeds,
rotor collective blade-pitch angles, and flap, rudder, and elevator control settings) of the energy kite. The wind and
global motion of the energy kite are specified in a global inertial-frame (X,Y,Z) coordinate system, with X pointed
in the nominal 0° wind direction, Z pointed up (opposite gravity), and Y pointed to the left when looking downwind
along 0° wind (following the right-hand rule).
Flow chart
Initialization:
Read-in the input file data from the Kite AeroDyn driver input file, and:
e Convert angular units of input parameters from degrees to radians.
e Check inputs and set parameters
Call KiteAeroDyn_Init()
Open Output File

Set the reference positions and orientations of the fuselage reference point mesh:
ﬁFusOR _ 6 .

APwOR _ 1
Set mesh-mappings between the fuselage reference point mesh and the KiteAeroDyn input meshes.
n=0
t=0
Initial calculate output:
Set inputs to KiteAeroDyn at ¢ = () (see below for solution at #)
Call KiteAeroDyn_CalcOutput()
Write Output to File
Time increment:

Set the displacement, orientation, and velocities of the fuselage reference point mesh based on the specified
motion at =+ Af (used in the mesh-mappings below):



INTERPID(KitePxi[}], Time[:|@t)

ii"*? = INTERPID (KitePyi[}] Time[:] @)
INTERPID (KitePzi[}], Time[:] @)

(

A™ = A(INTERPID(KiteRoll[}], Time[!|@t), INTERPID(KitePitch[:], Time[:|@t), INTERPID  KiteYaw[:], Time[:] @t))

INTERPID(KzteTsz[ | Time[:]@t)
v/ =& INTERPID (KiteTVyi[}], Time[:] @t)
INTERPID(KiteTVzi[}], Time|[:|@¢)

INTERPID(KiteRVxil:], Time[}|@t)
@0 = & INTERPID(KiteRVyi[:], Time[!]@1)
INTERPID (KiteRVzi[}], Time[:] @t )
inputs to KiteAeroDyn at 7 :
it M’ ZL( FusO Amso)
Agrm :Msz (AFux())
—'Fuv MPZL ( Fus ﬁFusO ‘—}'Fux() éFu.tO)
Vij Wlnd({ln 7 Fusk +L7Fua} .Z”)

Note: The Wind ( VA ) function used in this equation and several equations below is as follows:

PLexp
HWindSpd z COS (HWindDir)
Re fHt
PLexp
Wind (Z) = —HWindSpd[R t] SIN (HWindDir)
e
0

—SWn M P2L ( FusO AFl/:O )
SWn _ 3 gP2L FusO
AT =M, (A

a?Wn MPzL Wn aFmo aan a—)Fm())

(",
VSW" —Wznd({ " SR —SW" OZ)
it MPZL( Fus()’AFus())
APWn MP7L (AFuSO)

—PWn MPZL( Wn —Fmo —»Fmo @Fmo)

U,
VfPWn — Wind { n SPWIR »PWn .Z)



=VS __ P2L ( = FusO FusO

=M ( A )
Vs P2L FusO
A = MH(AT)

ﬂVS P2L [ =VS ﬂFqu = FusO
=M, u;”, v )

(
VIS =Wind (1”;5]”’* i }e7)
2L

—SHS
u.

a—)FusO )

— FusO AFUS() )

ASHS MP2L (AFuxO)
J
—SHS MPZL (ﬁ;&‘HS — FusO vFqu @Fuso)
7> SHS 3 In 35 SHSR | 7:SHS
V/. :Wzna’( " D; }-Z)
—PIIS MPZL — FusO AFusO)
PHS _ prP2L( fFusO
A]. =M} )

aPH? M[’ZL( I’HS‘ amvo ‘7['11\() C?)Fm())

’

I;fPHS _ Wind In l—ijHSR ~PHS} . Z)

ﬁf}’y n[’ymm] MP?L ( FusO AFus())

ASR‘/ [nPylansi| = Mj:ZL (AF”SO)

_jspy |:I’lelom MPZL —}S‘ nP‘lum ] ﬁFusO "—}'FMSO’ @FusO)

/

(@]
SP} In »SP‘R —SPy 5
|:nPonns Wlnd ({ nPylons ] + uj |:nPylon: ]} * Z)
— PPy P2L
u nPLIOII&‘ :| M (
PPy P2L FusO
A |:nPylon.r ] M (A )

= PPy P2L PPy —FusO = FusO = FusO
J [”P}Icm M u nP}l(ms ] u v , @ )

V.

I7jPPy [nPylons VVlnd ({ . QPPVR nPy/ons :| + u i [nPylans j|} o 2)

ﬁSPyR!r |:nl’ylanx , ”z] — MMPZP (ﬁFuSO, AFusO)

ASI’szr |:nPy10n:’ :| MPZP (AFmo)

3 SPyRir [ Mptons nz] MPzP ( SPyRur |: Mpytoms 13 :| ) ﬁFuso’ 3 Fus0 ) E)Fu:O)

VSP'VR"- [nPylons 4 nZ :| Wlnd ({ Stk |:nP)lom i nZ :| + uSP}Rtr [nPylons 4 nZ :|} ® 2)

Q% [Ny | = INTERPID(SP(ny,,,, ) (T, B) ReSpd [:] Time ] @t )

— FusO FusO
,A™0)

0% [ Ny 1; | = INTERPID(SP (n,, )(T. B) Pitch[:], Time[:] @1 )
ﬁPPerr .:npyhm , n2:| MP?P ( FusO Aruso)

PPyR P2pP FusO
A v [nPyl()n.v’nZ]:M/l (A “ )



PR [ P nz} el ( PP [ — } jmo rwo. @mo)

VPR [ Rty | = Wind ({ B Moty |+ [ Mgy I} 0 z)
Q" [ Nypiymy | = INTERPID( PP (n,,,, )T, B) RiSpd 1], Time[] @)
""" [ gty | = INTERPID(PP(n,,,,, (T, B) Pitch[}], Time[:] @1 )
Ctri™™ [ ny, | = INTERPID(SFip (ny,, ) Cirl[}], Time[] @)

Ctri”™ [ np,,, | = INTERPID(PFip (ny,,, ) Ceri[:], Time[}] @1

Ctr1™" [n,] = INTERP1D(Rudr (1,2) Ctrl[:], Time[] @t)

Ctr1*™"[n,] = INTERPID(SEM(1,2) Ctri[:], Time[| @)

Ctrl™" [n,] = INTERPID(PEI(1,2) Cirl[], Time[| @¢)

Call KiteAeroDyn_UpdateStates()

n=n+1
t=t+At

Call KiteAeroDyn_CalcOutput()

Write Output to File

End:

Call KiteAeroDyn_End

Close Output File



KiteAeroDyn

Primary KiteAeroDyn Input File

The undeflected aerodynamic geometry of the components of the energy kite are defined in the primary
KiteAeroDyn input file. (Likewise, the undeflected structural geometry of the components of the energy kite are
defined in the input file for the KiteMBDyn preprocessor.) For the fuselage, wings, vertical and horizontal
stabilizers, and pylons, the aerodynamic nodes define the aerodynamic center of an airfoil (reference point for the
airfoil lift and drag forces, which is assumed to be the % chord location within the KiteVSM submodel). The
aerodynamic reference line and aerodynamic loads are assumed to be piecewise linear between each node (to
establish step changes in loads between nodes—e.g. between nodes with and without control surfaces—would
require placing two nodes very close each other).

Each component is specified as follows:
e Fuselage: The locations of the aecrodynamic nodes (black nodes in figure above) along the aerodynamic
reference line are specified in the body-fixed (x,y,z) coordinate system relative to its origin, with x

[monotonically increasing (from possibly negative to positive values). The airfoil at each node is assumed to

be in the y-z plane, and—along with the nodal locations—the positive aerodynamic twist is specified about
positive x, and the chordlength and airfoil table ID are specified. A zero-degree twist means positive y
points toward the trailing edge and negative z points toward the suction side of the airfoil.

e Starboard (right) wing: The locations of the aerodynamic nodes (black nodes in figure above) along the
aerodynamic reference line (Y chord) are specified in the body-fixed (x,y,z) coordinate system relative to
its origin, with y monotonically increasing. The airfoil at each node is assumed to be rotated from the x-z
plane based on the dihedral angle about negative x resulting in an inclined x-z’ plane (with y’ normal),
and—along with the nodal locations—the positive aerodynamic twist is specified about positive y’, and the
chordlength, airfoil table ID, and flap ID are specified. A zero-degree twist means negative x points toward
the trailing edge and negative z’ points toward the suction side of the airfoil. Calculations for the lifting line
vortex method take place at the midpoints between these nodes; instead of interpolating airfoil data, the
airfoil and flap IDs at each midpoint is taken to be the airfoil and flap IDs of the corresponding node with
lower y.

e Port (left) wing: The locations of the aerodynamic nodes (black nodes in figure above) along the
aerodynamic reference line (Y4 chord) are specified in the body-fixed (x,y,z) coordinate system relative to
its origin, with y monotonically decreasing (negative values). The airfoil at each node is assumed to be
rotated from the x-z plane based on the dihedral angle about positive x resulting in an inclined x-z’ plane
(with y’ normal), and—along with the nodal locations—the positive aecrodynamic twist is specified about
positive y’, and the chordlength, airfoil table ID, and flap ID are specified. A zero-degree twist means
negative x points toward the trailing edge and negative z’ points toward the suction side of the airfoil.
Calculations for the lifting line vortex method take place at the midpoints between these nodes; instead of
interpolating airfoil data, the airfoil and flap IDs at each midpoint is taken to be the airfoil and flap IDs of
the corresponding node with higher (less negative) y.

e Vertical stabilizer: The locations of the aerodynamic nodes (black nodes in figure above) along the
aerodynamic reference line (Y4 chord) are specified in the body-fixed (x,y,z) coordinate system relative to
its origin, with z monotonically increasing (from possible negative to positive values). The airfoil at each
node is assumed to be in the x-y plane, and—along with the nodal locations—the positive aerodynamic
twist is specified about positive z, and the chordlength, airfoil table ID, and rudder ID are specified. A zero-
degree twist means negative x points toward the trailing edge and positive y points toward the suction side
of the airfoil. Calculations for the lifting line vortex method take place at the midpoints between these
nodes; instead of interpolating airfoil data, the airfoil and rudder IDs at each midpoint is taken to be the
airfoil and rudder IDs of the corresponding node with lower z.

o Starboard (right) horizontal stabilizer: The locations of the aecrodynamic nodes (black nodes in figure above)
along the aerodynamic reference line (Y4 chord) are specified in the body-fixed (x,y,z) coordinate system
relative to its origin, with y monotonically increasing. The airfoil at each node is assumed to be in the x-z
plane, and—along with the nodal locations—the positive aerodynamic twist is specified about positive y,
and the chordlength, airfoil table ID, and elevator ID are specified. A zero-degree twist means negative x
points toward the trailing edge and negative z points toward the suction side of the airfoil. Calculations for
the lifting line vortex method take place at the midpoints between these nodes; instead of interpolating

Commented [333]: Not true, could also be monotonically
decreasing, but A and B are sent to VSM in order (A is used to
control the airfoil); also for output

Collocated nodes (i.e. the same x for the fuselage) result in no VSM
element (for step changes) (even if'y and z are different, there is no
element created if the x is the same)




airfoil data, the airfoil and elevator IDs at each midpoint is taken to be the airfoil and elevator IDs of the
corresponding node with lower y.

o Port (left) horizontal stabilizer: The locations of the aerodynamic nodes (black nodes in figure above) along

the aerodynamic reference line (% chord) are specified in the body-fixed (x,y,z) coordinate system relative
to its origin, with y monotonically decreasing (negative values). The airfoil at each node is assumed to be in
the x-z plane, and—along with the nodal locations—the positive aerodynamic twist is specified about
positive y, and the chordlength, airfoil table ID, and elevator ID are specified. A zero-degree twist means
negative x points toward the trailing edge and negative z points toward the suction side of the airfoil.
Calculations for the lifting line vortex method take place at the midpoints between these nodes; instead of
interpolating airfoil data, the airfoil and elevator IDs at each midpoint is taken to be the airfoil and elevator
IDs of the corresponding node with higher (less negative) y.

e Pylons: The locations of the aerodynamic nodes (black nodes in figure above) along the aerodynamic

reference line (Y4 chord) are specified in the body-fixed (x,y,z) coordinate system relative to its origin, with
z monotonically increasing (from possibly negative to positive values). The airfoil at each node is assumed
to be in the x-y plane, and—along with the nodal locations—the positive aerodynamic twist is specified
about positive z, and the chordlength and airfoil table ID are specified. A zero-degree twist means negative
x points toward the trailing edge and positive y points toward the suction side of the airfoil. Calculations for
the lifting line vortex method take place at the midpoints between these nodes; instead of interpolating
airfoil data, the airfoil ID at each midpoint is taken to be the airfoil ID of the corresponding node with

lower z.

o Rotors: Each rotor is in the y-z plane and the origin is coalescent with the hub center. The rotor radius and

actuator disk input file are specified.

Inputs Outputs \States\ PParameters|
o ™9 _ Translational displacement O"tﬁjﬂ's - *  Npyy —Number of
(relative) of the fuselage reference point Translational flaps per wing (-)
Terh (m) displacement (relative) e N, s — Number of
o U “ _ Translational displacement of the j " node of the o :
pylons per wing (-)
(relative) of the j ™ node of the fuselage fuselage mesh (m) o "B R _Reference

mesh (m)

D AjF"S — Displaced rotation (absolute
orientation) of the j ™ node of the
fuselage mesh (-)

o \7/.Fm — Translational velocity (absolute) of

the j " node of the fuselage mesh (m/s)
o I%.F"S — Undisturbed wind speed computed

atthe j ™ node of the fuselage i.e. at

Inﬁ;'"usR_"_ﬁjl"us (II]/S)

. ﬁfW" — Translational displacement
(relative) of the j " node of the starboard

wing mesh (m)

O"’A].F"S — Displaced
rotation (absolute
orientation) of the j ™
node of the fuselage
mesh (-)\

J
position of the j ™
node of the fuselage
input mesh (m)
In g FusR

Aj — Reference

F l.F“S — Aerodynamic
applied concentrated
forces at the j ™ node
of the fuselage mesh
™)

M /.F"“ — Aerodynamic
applied concentrated
moments at the j
node of the fuselage

orientation of the j
node of the fuselage
input mesh (-)

" f?fW"R — Reference

position of the j
node of the starboard
wing input mesh (m)

In 4 SWR
"Aj "* _ Reference

orientation of the j

o« AT Displaced rotation (absolute mesh (N-m) “‘?de (,)f the starboard
/ ) . Out 5 SWn-_ wing input mesh (-)
orientation) of the j ™ node of the 7 In = PWnR
Translational * P ~ Reference

starboard wing mesh (-)

. \7/.SW" — Translational velocity (absolute)

of the j ™ node of the starboard wing

displacement (relative)
of the j ™ node of the

starboard wing mesh

position of the j ™

node of the port wing
input mesh (m)

[ Commented [JJ4]: VSM has discrete states.

Commented [jmj5]: Not all parameters are listed here. E.g.
DTAero, UseCm, AirDens, etc. are obvious...

-| Commented [3J6]: Note that the translational displacements and

orientations are fields added to the output load (force and moment)
meshes for convenience in the moment-related mesh mappings
because the input and output meshes differ.




mesh (m/s)
V{.SW" — Undisturbed wind speed

computed at the j ™ node of the starboard

wing i.e. at ™ ﬁfW"R + ﬁfW" (m/s)
—PWn . .
u; = — Translational displacement

j
(relative) of the j " node of the port wing
mesh (m)

AfW" — Displaced rotation (absolute

th

orientation) of the j "™ node of the port

wing mesh (-)
—=PWn

v, - Translational velocity (absolute)

of the j " node of the port wing mesh
(m/s)
VjPW" — Undisturbed wind speed

computed at the j " node of the port wing

. In =PWnR | —PWn
ie.at " p; +u; (m/s)

ft;/s — Translational displacement
(relative) of the j ™ node of the vertical
stabilizer mesh (m)

/leS — Displaced rotation (absolute
orientation) of the j ™ node of the vertical
stabilizer mesh (-)

v ;/S — Translational velocity (absolute) of
the j ™ node of the vertical stabilizer mesh
(m/s)

I?/.VS — Undisturbed wind speed computed
at the j " node of the vertical stabilizer
ie.at” ﬁjSR + ﬁ;/g (m/s)

u fHS — Translational displacement

(relative) of the j " node of the starboard
horizontal stabilizer mesh (m)

AfHS — Displaced rotation (absolute
orientation) of the j " node of the
starboard horizontal stabilizer mesh (-)
\7st — Translational velocity (absolute)
of the j " node of the starboard horizontal
stabilizer mesh (m/s)

I7J,S”S — Undisturbed wind speed
computed at the j " node of the starboard
horizontal stabilizer i.e. at

(m)
OL"A;.YW" — Displaced

rotation (absolute
orientation) of the j ™
node of the starboard
wing mesh (-)

F/.SW" — Aerodynamic

applied concentrated
forces at the j ™ node

of the starboard wing
mesh (N)

r SWn
M P
Aerodynamic applied
concentrated moments
atthe j " node of the
starboard wing mesh
(N-m)
Out = PWn

u j -

Translational
displacement (relative)
of the j ™ node of the
port wing mesh (m)
O"’A;W” — Displaced
rotation (absolute
orientation) of the j ™
node of the port wing
mesh (-)

5 P .
F;™" — Aerodynamic

applied concentrated
forces at the j ™ node
of the port wing mesh
™)
r PWn
M-
Aerodynamic applied
concentrated moments
atthe j " node of the
port wing mesh (N-m)
Out ;7S
J
Translational
displacement (relative)
of the j ™ node of the
vertical stabilizer
mesh (m)
OWA/'./S — Displaced

rotation (absolute
orientation) of the j

th

In g PWnR
"A;"" — Reference
orientation of the j

node of the port wing
input mesh (-)
In = VSR

p;

position of the j ™

— Reference

node of the vertical
stabilizer input mesh
(m)
I"A;/SR — Reference

orientation of the j

node of the vertical
stabilizer input mesh (-

)

In = SHSR
"p7" — Reference

position of the j

node of the starboard
horizontal stabilizer
input mesh (m)
I"AISHSR — Reference

orientation of the j
node of the starboard
horizontal stabilizer
input mesh (-)

fn GPHSR_ Reference

position of the j
node of the port
horizontal stabilizer
input mesh (m)
'"AfHSR — Reference

orientation of the j ™
node of the port
horizontal stabilizer
input mesh (-)

In — SPyR
pPj |:nPylun.y j| -

Reference position of
the j ™ node of the

pylons on the
starboard wing input
mesh (m)

In 4 SPYR
Aj |:nPylnns] -

Reference orientation
of the j ™ node of the
pylons on the

starboard wing input
mesh (-)




In - SHSR ~SHS

p; o tu; (m/s)

ﬁfHS — Translational displacement

(relative) of the j " node of the port
horizontal stabilizer mesh (m)
A;JHS — Displaced rotation (absolute

orientation) of the j ™ node of the port
horizontal stabilizer mesh (-)
~ PHS

v; " — Translational velocity (absolute)

of the j ™ node of the port horizontal
stabilizer mesh (m/s)
V/.pHS — Undisturbed wind speed

computed at the j ™ node of the port

horizontal stabilizer i.e. at

In =PHSR | —PHS
p; tu; T (mfs)

—SPy .
u; [anlw”] — Translational

th

displacement (relative) of the j " node of

the pylons on the starboard wing mesh (m)
Ajspy |:n Pv,(m] — Displaced rotation

(absolute orientation) of the j " node of
the pylons on the starboard wing mesh (-)
—SPy

v; |:nPy,m:| — Translational velocity

(absolute) of the j " node of the pylons on
the starboard wing mesh (m/s)
I}/_spy [n Pylm:| — Undisturbed wind speed

computed at the j ™ node of the pylons on
the starboard wing i.e. at

In —SPyR —SPy
p‘/‘ [nPyluns :| + u/' [nPylans :| (m/s)

— PPy .
u; [n Pylons :| — Translational

displacement (relative) of the j ™ node of
the pylons on the port wing mesh (m)

Afpy |:n Pv,w”] — Displaced rotation

(absolute orientation) of the j " node of
the pylons on the port wing mesh (-)
— PPy

v, [n,,yhm} — Translational velocity

(absolute) of the j " node of the pylons on
the port wing mesh (m/s)

Vjppy |:n Pymm] — Undisturbed wind speed

computed at the j ™ node of the pylons on
the port wing i.e. at

node of the vertical
stabilizer mesh (-)

F}VS — Aerodynamic

applied concentrated
forces at the j ™ node

of the vertical
stabilizer mesh (N)

M ;/S — Aerodynamic

applied concentrated
moments at the j

node of the vertical
stabilizer mesh (N-m)
OurﬁSHS _

J
Translational
displacement (relative)
of the j " node of the

starboard horizontal
stabilizer mesh (m)
O"tAjSHS — Displaced
rotation (absolute

orientation) of the j

node of the starboard
horizontal stabilizer
mesh (-)

7 SHS .
F7™ — Aerodynamic

applied concentrated
forces at the j " node

of the starboard
horizontal stabilizer
mesh (N)

7 SHS
M7 -
Aerodynamic applied

concentrated moments
atthe j " node of the

starboard horizontal
stabilizer mesh (N-m)
Out + PHS

u, o -

j

Translational
displacement (relative)
of the j ™ node of the
port horizontal
stabilizer mesh (m)
OutAfHS — Displaced
rotation (absolute
orientation) of the j
node of the port
horizontal stabilizer

In = PPyR
p/ [nPylans:| -

Reference position of
the j ™ node of the
pylons on the port
wing input mesh (m)

In 4 PPyR
Aj |:nPylun.\' :| -

Reference orientation
of the j " node of the

pylons on the port
wing input mesh (-)
Out ﬁj.F“SR — Reference

position of the j

node of the fuselage
output mesh (m)
O”t/lf"m — Reference

orientation of the j ™

node of the fuselage
output mesh (-)

Out = SWnR
“p7"" — Reference

position of the j

node of the starboard
wing output mesh (m)
O"'AI.SW"R — Reference

orientation of the j ™

node of the starboard
wing output mesh (-)
Out BPVIR _ Reference

position of the j ™

node of the port wing
output mesh (m)

Out 4 PWiR
" A "" _ Reference

orientation of the j ™

node of the port wing
output mesh (-)
Out 5YSK _ Reference

position of the j

node of the vertical
stabilizer output mesh
(m)
OI‘IA;/SR — Reference
orientation of the j ™

node of the vertical
stabilizer output mesh

Q)




In = PPyR — PPy

p Jj |:nPylan: ] +u Jj |:nPylons :' (m/s)
—SPyRtr .
u .:n Prtons 11 2:| — Translational
displacement (relative) of the top and
bottom rotors on the pylons on the
starboard wing mesh (m)

PR : :
AP |:n Pylm,nz:' — Displaced rotation

(absolute orientation) of the top and
bottom rotors on the pylons on the
starboard wing mesh (-)

R [n prions 11 2:| — Translational
velocity (absolute) of the top and bottom
rotors on the pylons on the starboard wing
mesh (m/s)

7 SPRer |:n prions s 11 ZJ — Undisturbed wind

speed computed at the top and bottom
rotors on the pylons on the starboard wing
i.e. at

— SPyRtrR —SPyRtr

p [nPylon: 4 nZ :| +u [nPylans 4 n.Z
(m/s)

SPyRtr .

0 [n Pyions + 1 2:| — Rotational speeds

of the top and bottom rotors on the pylons
on the starboard wing (rad/s)

PYR .
G5Rr [npt,lgns,nz} — Rotor-collective

blade-pitch angles of the top and bottom
rotors on the pylons on the starboard wing
(rad)

~ PPyRir .

u |:n Prions 11 z:| — Translational
displacement (relative) of the top and
bottom rotors on the pylons on the port
wing mesh (m)

PPyRtr
A [n Py

,lm,nz] — Displaced
rotation (absolute orientation) of the top
and bottom rotors on the pylons on the
port wing mesh (-)

= PPyRtr .
v |:I1,,},,My ,n, :| — Translational

velocity (absolute) of the top and bottom
rotors on the pylons on the port wing mesh
(m/s)

y Pk |:n nz:. — Undisturbed wind

speed computed at the top and bottom

rotors on the pylons on the port wing i.e. at
— PPyRtrR — PPyRtr
p |:”Pylum ) :| tu |:

(m/s)

Pylons ?

M pytons 11

mesh (-)

F}.PHS — Aerodynamic
applied concentrated
forces at the j ™ node

of the port horizontal
stabilizer mesh (N)

7 PHS
M R
Aerodynamic applied
concentrated moments
atthe j " node of the

port horizontal
stabilizer mesh (N-m)

QOut —SPy
uj |:nPylons ] -

Translational
displacement (relative)
of the j " node of the
pylons on the
starboard wing mesh

(m)
Qut 4 SPy
Aj [nPylons:| -

Displaced rotation
(absolute orientation)
of the j ™ node of the

pylons on the
starboard wing mesh
)

7 SPy
Fj |:nl’y1wzs:| -

Aerodynamic applied
concentrated forces at
the j " node of the
pylons on the

starboard wing mesh
N)

7 SPy
M [nl’yluns] -
Aerodynamic applied
concentrated moments
atthe j ™ node of
pylons on the
starboard wing mesh
(N-m)

Out = PPy
u; |:nl’ylnn.\':| -

Translational
displacement (relative)
of the j " node of the
pylons on the port
wing mesh (m)

Out 4 PPy
Aj |:nPy10ns:| -

Out = SHSR
Y p" — Reference

position of the j ™
node of the starboard
horizontal stabilizer
output mesh (m)

Out 4 SHSR
" A7 — Reference

orientation of the j ™
node of the starboard
horizontal stabilizer
output mesh (-)

Out = PHSR
“ P — Reference

position of the j
node of the port
horizontal stabilizer

output mesh (m)

Out 4 PHSR
“A ;" —Reference

orientation of the j
node of the port
horizontal stabilizer
output mesh (-)

Out — SPYyR
pj [nl’ylorls :| -

Reference position of
the j ™ node of the
pylons on the
starboard wing output
mesh (m)

QOut 4 SPYR
/1] |:nPylon.s:| -

Reference orientation
of the j ™ node of the
pylons on the
starboard wing output
mesh (-)

Out -~ PPyR
pj [nP)flon.r] -

Reference position of
the j ™ node of the
pylons on the port
wing output mesh (m)

Out 4 PPyR
Aj [nl‘ylonx:| -

Reference orientation
of the j " node of the

pylons on the port
wing output mesh (-)

— SPyRtrR
p [nPyIans e :|

— Reference positions
(origins) of the top and
bottom rotors on the




PPYR .
R [nPylom,an — Rotational speeds

of the top and bottom rotors on the pylons
on the port wing (rad/s)

HPPthr |:

blade-pitch angles of the top and bottom
rotors on the pylons on the port wing (rad)

Ctri*™ [n Flaps:| — Flap control settings

Hpions » nz:. — Rotor-collective

on the starboard wing (user)

Ctri™" |: n ”am] — Flap control settings
on the port wing (user)

Ctrl™™ [1,] ~ Rudder control settings
on the vertical stabilizer (user)

CtrIS [n 2] — Elevator control settings
on the starboard horizontal stabilizer (user)
Ctrl"™ [n,] - Elevator control settings

on the port horizontal stabilizer (user)

Displaced rotation
(absolute orientation)
of the j " node of the

pylons on the port
wing mesh (-)

7~ PPy
F/ ! [”mzom] -
Aerodynamic applied

concentrated forces at
the j " node of the

pylons on the port
wing mesh (N)

1 PPy
M J |:nPylons:| -

Aerodynamic applied
concentrated moments
atthe j " node of

pylons on the port
wing mesh (N-m)

3 SPyRtr
F |:nPy[0ns ’ n2 ]
— Aerodynamic
applied concentrated
forces at the top and
bottom rotors on the
pylons on the
starboard wing mesh
N)

s SPyRir
M |:nPylon.y L) :|

— Aerodynamic
applied concentrated
moments at the top
and bottom rotors on
the pylons on the
starboard wing mesh
(N-m)

7 PPyRur
F |:nPy10ns ’ nZ ]

— Aerodynamic
applied concentrated
forces at the top and
bottom rotors on the
pylons on the port
wing mesh (N)

MPP}R” |:nl’yl(m.\ ’ nZ ]
— Aerodynamic
applied concentrated
moments at the top
and bottom rotors on
the pylons on the port
wing mesh (N-m)

pylons on the
starboard wing
input/output mesh (m)

SPyRtrR
A |:nPy10ns ’ n2 :|

— Reference
orientations of the top
and bottom rotors on
the pylons on the
starboard wing
input/output mesh (-)
pr |:nPylans 1 :|
— Reference positions
(origins) of the top and
bottom rotors on the
pylons on the port
wing input/output
mesh (m)

PPYRoR
A [nPyI(ms ’ nZ :|

— Reference
orientations of the top
and bottom rotors on
the pylons on the port
wing input/output
mesh (-)

LiftMod - Lifting-
line calculation model
(switch)

RotorMod - Rotor
calculation model
(switch)




Initialization:

Initialization Inputs

Initialization Outputs\

KAD _InFile -
Name of the primary
KiteAeroDyn input file
(string)

N,

Flaps
flaps per wing (-)
N,

Pylons

— Number of

— Number of

pylons per wing (-)

— SWnOR
P~ — Reference

position (origin) of the
starboard wing (m)

— PWnOR
p " — Reference

position (origin) of the
port wing (m)

—VSOR
p — Reference

position (origin) of the
vertical stabilizer (m)

— SHSOR
P — Reference

position (origin) of the
starboard horizontal

stabilizer (m)

— PHSOR
p — Reference

position (origin) of the
port horizontal
stabilizer (m)

— SPYOR
p |:nPylnm :| -

Reference positions
(origins) of pylons on
the starboard wing (m)

— PPYOR
p [nPyI(m.\' :| -

Reference positions
(origins) of pylons on
the port wing (m)

— SPyRtrR
p |:nPylonf e :|

— Reference positions
(origins) of the top and
bottom rotors on the
pylons on the starboard
wing (m)
p rrtet |:n[’ylnn.v 1y :|
— Reference positions
(origins) of the top and
bottom rotors on the
pylons on the port wing
(m)

e p —Air density
(kg/m”3)

| Commented [337]: Greg also added nIfWPts, the number of

points where inflow wind is needed.




Note that:

Set parameters from initialization inputs (N, . and N,

ylons

laps ). Note that:
o The flap indices: Mitaps = {1,2, . "’NFlaps}
o The pylon indices: 71, = {],2,... N }

> =¥ Pylons
e And: n, :{],2}
Read-in the input file data from KAD _InFile, and:
e Convert angular units of input parameters from degrees to radians.
o Verify that FusX i S WnY, , VSZ ;s SHS Y/ s SPylZ} ; [n Pﬂm] and PPylZ} ; |:n Pﬂm] are entered

monotonically increasing
e Verify that PWnY; and PHS Y, are entered monotonically decreasing

T T
o Ensure ‘SWnthrl‘ < 5 and ‘PWnthrl‘ < 5
e Check inputs and set parameters

Set the reference positions and orientations of the input line2 meshes:

o Fuselage reference point mesh: PR = 0; ATWOR = ]
FusX,
e Fuselage: o f);vmk =1 FusY, ¢;
FusZ,
0 0 -1 /| Commented [J38]: Note: the 3x3 matrix can also be written as
/| Lambda(0,90deg,0)
(for j={1,2...., NumFusNds}) "AMR =10 1 0 |A(FusTwist,,0,0)
10 0
SWnX,
e Starboard (right) wing: n ﬁjWﬂR =p"R Ll S wnY, ¢
SWnZ,
0 0 -1 /i Commented [3J9]: Note: the 3x3 matrix can also be written as
. / Lambda(-90deg,0,90deg)
(for j=1{1,2,..., NumSWnNds ) "AT = =1 0 0 |A(~SWnDhdrl, SWnTwist,,0)
0 1 0
PWnX,
e Port (left) wing: InﬁfW"R =p"oR 4 PWnY, ¢
PWnZ,
0 0 -1
(for j={1,2,..., NumPWnNds}) "AP™ <=1 0 0 |A(PWnDhdrl, PWnTwist;,0)
0 1 0



e Vertical stabilizer:

(for j = {1,2,...,Num VSNds})

e Starboard (right) horizontal stabilizer:

(for j={1,2,..., NumSHSNds} )

e Port (left) horizontal stabilizer:

(for j={1.2,..., NumPHSNds} )

o Starboard (right) pylons :

(for j = {1,2,...,NumPleds})

e Port (left) pylons :

(for j={1,2,...,NumPyINds})

VSX .

J

IrzﬁV?R Z?VSORJF VSY ;

VSZ.
j
0o 1 0 { Commented [3J10]: Note: the 3x3 matrix can also be written as
/| Lambda(0,0,90deg)
"A = =1 0 0|A(0,0,VSTwist,)
0 0 1
SHSX,
In A*SHSR SHSOR SHSY .
SHSZ,
0 0 -1 /| Commented [JJ11]: Note: the 3x3 matrix can also be written as
/| Lambda(-90deg,0,90deg)
"ATR = =1 0 0 |A(0,SHSTwist,,0)
0 1 0
PHSX,
In ﬁPHSR ﬁPHSOR P HSY/ .
PHSZ,
0 0 -1
PAM <=1 0 0 |A(0,PHSTwist,,0)
0 1 0
SPyLX j |:nPy10n::|
I'XﬁnyR [nPLIﬂns ] Z)SPJ’OR |:nPylam j| + SPlej |:nPonn::| ;
SPyle |:nPylonsj|
0 1 0 /{ Commented [3J12]: Note: the 3x3 matrix can also be written as
n § . Lambda(0,0,90deg)
A [y )= =1 0 0| A(0.0,SPyITwist, [y, ) y
0 0 1 /
PPYIX [ 1y, |
"B [ Aiions | = B [Aiions |+ PPYLY, [y | £
PPYIZ, | . |
0 1 0
AP [y )= =1 0 0| 4(0,0,PPyITwist, [y, )
0 0 1

Set the reference positions and orientations of the output point meshes to be the midpoints of the input meshes (there

is one fewer output node than there are input nodes):



Fuselage:

(for j = {],2,...,NumFusNds —]})

Starboard (right) wing:

(for j = {1,2,...,NumSWnNds—I})

Port (left) wing:

(for j={1,2,..., NumPWnNds -1} )

Vertical stabilizer:

(for j= {1,2,...,NumVSNds—]})

Starboard (right) horizontal stabilizer:

(for j = {1,2,...,NumSHSNds —1})

Port (left) horizontal stabilizer:

(for j = { ., NumPHSNds — I})

FusX, FusX
QOut aFuvR FMSY + FMSY/+1 ;
FusZ, FusZ,,,
0 0 -1
R N B A(i(FusTwisz + FusTwist +,),0,0]
2 J J
1 0 0
; SWnX, SWnX
Out = SWnR I—')SWHOR +4 SWnY + SWnYﬁ, :
SWnZ,| |SWnZ,,
0 0 -1 J
o g | ~Z(SWnDhdrl, + SWnDhdrl, nTwist, + SWTwist .,
A {(}1 (II 2}1[ z(sw D SWaD, )2(SW T SWaT )vj
; PWnX, PWnX
Out aanR — pPoR | 1 PWnY + PWnY/” :
PWnZ,| |PWnZ,,
0 0 -1
ou g /e{ 10 O}A[z(l’Wnthﬂ +PWnDhdrl,., ), (PWnTwm,+Pw>zrwm,,,),0]
010
S[[rsxs) s
Out VSR ﬁVSOR 2 VSY " VSY;+1 ;
vsz,| |vsz,,
0 1 0]
MAS = =1 0 0]A 00, VSTwzst +VSTw15tj+,)j
0 0 1]
SHSX, SHSX ;,
Out - SHSR _ SHSOR .
pIR = SHSY, + SHSYM ;
SHSZ SHSZ ,,
0 0 -I
QUSSR =| ] A(()é (SHSTwist, + SHSTwist, )oj
0 1
PHSX PHSX ,
Out 7 PHSR _ PHSOR .
' PHSY, ¢+ PHSY ;
PHSZ, PHSZ,,,
0 0 -1
uAPHSE —1 ] 0 A(Oé PHSTwm + PHSTwist, ) 0)
0 1



o Starboard (right) pylons : SPYIX [y, SPVIXW[HP/ s
5 [ 15 [ ) 50 [ 1 50,
SPylZ, [n,,l ,mu] SPylZ,,, [n tons J

(for j={],2,...,NumPleds—I}) 0 10
R T S B A(o,o,l(SPﬂrwm,[nh, ,,,,, ]+SPy1TwixtN[nm”m])]
001 2
o Port (left) pylons : PPYIX, [ ]| [ PPYIX [y | ;

OB Myt | = p”P‘“”[»zn\,,,,,\]+§ PPYIY, [y | 144 PPYIY, [y ]
PPYIZ, [ s || | PPYIZ, [Py ]

(for j = {],2,...,NumPleds—1})

0 10

ou A’W[M"'J{I 0 O}A(O,O,;(PPyITwm/[n,,‘,”m]+PPy1Twi3r/_,[w,,,,,,m])j

0 01

Set the reference positions and orientations of the input/output point meshes for the top and bottom rotors on the
pylons :

= SPyRtrR _ IRTIRT . . )
p [np}ylom,an = (from initialization input);

Pylons N :| I

Mpyions s 1 ] (from initialization input);

e on the starboard (right) wing:

A SPyRtrR

o on the port (left) wing:

[
-~ PPanR |:
[

PPyRtrR
A nPt[DlIA 4 nZ :| I

Call ActuatorDisk Init()

Set the KiteVSM initialization inputs] { Commented [3J13]: I'm assuming KiteVSM also solves the }

e Chord — Defined per element as the averaged chord between adjacent analysis nodes LiftMod=1 case.

e Length — Defined per element as the absolute x distance between adjacent analysis nodes for the fuselage, ﬂhe
absolute y distance between adjacent analysis nodes divided by the COSine of the averaged dihedral angle
for the wings (starboard, port), the absolute y distance between adjacent analysis nodes for the horizontal { Commented [3J14]: ABS(y j+1 -y j)/COS( 0.5*( Dihedral j }
stabilizers (starboard, port), and the absolute z distance for the vertical stabilizer and pylons (starboard, + Dihedral j+1))
port)

o AirfoillD — Defined per element as the airfoil ID with the smallest x for the fuselage, the smallest y for the

starboard wing and horizontal stabilizer, the largest y for the port wing and stabilizer, and the smallest z for
the vertical stabilizer and pylons (starboard, port) (instead of interpolating)
LiftMod — Lifting-line calculation model (-) (switch) {1:geometric AoA, 2:vortex-step method}

e VSMMod — Trailing vortices alignment model (-) (switch) {1:chord, 2: local free stream}

e VSMToler — Tolerance in the Newton iterations (m”2/s) or [DEFAULT\ [ Commented [3J15]: We need to set the DEFAULTS. ]
e VSMMaxIter — Maximum number of Newton iterations (-) or [DEFAULT\ { C d [3316]: We need to set the DEFAULTS. ]
L]

VSMPerturb — Perturbation size for computing the Jacobian in the Newton iterations (m”"2/s) or [DEFAULT
Commented [JJ17]: We need to set the DEFAULTS. ]

Call KiteVSM_Init()

Write the KiteAeroDyn summary file if SumPrint = True:

iPUT SOMETHING HERE‘ | Commented [jmj18]: Greg has implemented a start of the
summary file with the VSM elements, Ax,y,z, Bx,y,z

Open the KiteAeroDyn output file if OutSwtch =1 or 3.

Update States
Set the KiteVSM inputs at [t + At|as follows:
e Global locations of element endpoints (A and B) — set per element:

~| Commented [3J19]: Note: KiteVSM does not strictly follow the
framework because KiteVSM_UpdateStates() only has one set of
inputs at t+dt.




+NumSWnNds—1

=4 In — FusR aF
pl="prr (for j={1,2,..., NumFusNds —1})
ﬁz_s _ InﬁFuvR 4 g (for j = { 12,..., NumFusNds — ]} )L | Commented [J320]: KiteVSM needs a way to distinguish
J J+ JH+ e _~ between the fuselage and other members because the circulation
—~4 _ In 2 SWnR —S Wn should be zero on the fuselage.<--The actual implementation
P s NumFusNds-1 p; (for j = {[ 2, NumSWnNds — 1} ) separates the fuselage from the other members in some way.
=B _ In —=SWnR —SWn
Diinumpusnas—1 = Pjsr TUj (for j= {1 2,..., NumSWnNds — 1})
=4 __ In =PWnR -Per
PjiNumpusnas—1 = P (for j = { .., NumPWnNds — 1 } )
+NumSWnNds—1
__ In =PWnR -Per
pj+NumFusNd.v—1 - p/+1 _[+1 (for ] {]’2’ NumPWnNds - ]} )

=4 _ In VSR | —=VS — —
DjsNumpusvas—1 = Pj TU; (for j=141,2,..., NumVSNds ]})
+NumSWnNds—1
+NumPWnNds—1

—=B _ In VSR *VS .

PNumpusnas—1 = Pjer TU (for j = {1,2,...,NumVSNds —]})
+NumSWnNds—1
+NumPWnNds—1

-4 In —SHSR —SHS .

PjiNunusnis—1 = P, (for j={1,2,..., NumSHSNds —1} )
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1

—B In — SHSR aSHS .
Piovumpusnas—1 = Prar g (for j={1,2,..., NumSHSNds —1})
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1

—4 _ InPHSR | 2 PHS . _
PjsnumFusvas-1 = P (for j= {1,2,---,NMWIPHSNdS 1})
+ NumSWnNds—1
+ NumPWnNds—1

+NumVSNds—1

+NumSHSNds—1
=B __ In = PHSR —PHS . _
Djivumpusnas-1 = Dot Fg (for j={1,2,...,NumPHSNds —1})

+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1

+NumSHSNds—1

=4 _ InSPR —.SPy .
D - NumFusNds-1 p; [npyzm ] tu; [nPyl(m,y:| (for j={1,2,..., NumPyINds — I}
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1
+(NumPy1Nd,\'71)(rt,,‘,,(,,,‘ 71)

=B _ In=SPyR sPy .
P ji NumFusNds—1 P [nPLIOHY]+u]+[ [nPyl(ms:| (for j = {I,Z,...,NumPleds 1})
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1

+( NumPyINds—1)(1pyjons ~1)

=4 _ In 2 PPyR — PPy .
D s NumFusNds—1 p; [npy,m J +u; [npy,or,s} (for j = {1, 2,...,NumPyINds — 1} )
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1
+(NumPyINds—1)N s

+(NumPINds=1)(1py 1005 —1)



In - PPyR

~p PPy .
P s NumFusNds—1 P |:nPyl0nv:|+u]+1 [nPylons:| (for j = {]’2’--~:

+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1
+H(NumPyINds—1)N 5

+(NumPyINds=1)(1 1005 1)

e Velocities — set per element:

“, = é(Vﬁ” w7 )-é(am )

J+l J J+l
Rel 17 ) SWn SWn 1 =SWn =SWn .
V/+NumFusNds 1 2(V +V,+1 )_E(V‘f Vi ) (for ]—{1,2,...,
Rely; PWn PWn 1 =PWn | =PWn .
Jj+NumFusNds—1 (V /+1 ) 7(V< +Vj+1 ) (for J —{1,2,...,
+NumSWnNds—1
Rely; VS Vs 1 =Vs =Vs .
V/+NumFu:Nds ( j V/+1)_7( +V/+1) (for ]—{1,2,...,
+NumSWnNds— 2
+NumPWnNds
ReIV ] VSHS VSHS ) THS + = SHS f i={]2
j+NumFusNds—1 — el Viel (for j= { 2 2en,
& NumSWnNds~1 2
+NumPWnNds—1
+NumVSNds—1
Rely; ] PHS 77 PHS 1 = PHS = PHS .
V/ﬂ'\/umFusNds 1= (V V,+1 ) (Vi Vi ) (for j —{1,2,...,
+NumSWnNds—1 2 2

+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1

Rel [} 1issp gy 1
V,wmﬁuNJH - (VJ V/“ ) (
+ NumSWnNds—1 2 2
+ NumPWnNds—1
+NumVS}
NS~
+ NumPHSNds -

+( NumPyINds~. 1)(n,,. tons=1)

ReIV

Jj+NumFusNds— 1

+ NumSWnNds—
+NumPWnNds: ,]
+NumVSNds—1
+NumSHSNds~1
+NumPHSNds—1
+(NumPyINds=1)N p,jon

+{(NumPyINds~1)(np,j,~1)

~{3trr 75t

. [Aerodynamic + elastic twist — set per element

G Gy
Vi )}I:nf’ylom]

(for j={1,2,...,

PPy | PPy
+Vii )}[n."ylum]

(for j= {1,2,...,

(for j= {1,2,...,

NumPyINds — 1 } )

NumFusNds —1})
NumSWnNds — 1 } )

NumPWnNds — 1 } )

NumVSNds — 1} )

NumSHSNds — 1 } )

NumPHSNds — 1 } )

NumPyINds — 1 } )

NumPylNds — 1 } )

Oul/lj =M/L12P (AFM.;-)

Out _ L2pP SWn
A/’+NumFusNds—l - MA (A )
Out L2P PWn
Aj+NumFusNd.s-—l - M/l (A )
+NumSWnNds—1
Out L2P VS
Aj+NumFu.de.v—l - MA (A )
+NumSWnNds—1
+NumPWnNds—1
Out L2P SHS
Aj+NumFu\Nd\ 1= MA (A )

+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1

(for j ={1,2,.
(for ]:{1,2,
(for j {],2,
(for j ={1,2,.
(for j {] 2

.,NumFusNds—]})
., NumSWnNds —1})
., NumPWnNds — 1} )

.,NumVSNds—]})

., NumSHSNds — ]} )

-| Commented [3321]: To do these Line2-to-Point mesh

mappings, the orientation field can be added to a MiscVar that is a
Sibling of the output mesh.




OMAjJrNumFmNds (=M (AP”S ) (for j={1,2,...,NumPHSNds —1})

+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1

+NumSHSNds—1

Out _ agL2P [ 4SPy .
Aj+NumFu.de.v—l - MA (A [nkylotts :I) (for J= {1, 2, ooy NumPleds — ]} )
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1

+( NumPyINds—1 )(npy,,,,,‘ 71)

Out _ L2P PPy .
Aj+NumFu.de.v—l - MA (A IinPylnns :I) (fOI' J= {l, 2; ey NumPledS - ]} )
+ NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1
+H(NumPyINds—1)N pyjon
+ NumPledsfl)(n,,\,,nm—])
o Control settings — Defined per element as the control setting with the smallest y for the starboard wing and
horizontal stabilizer, the largest y for the port wing and stabilizer, and the smallest z for the vertical

stabilizer (instead of interpolating)
Call KiteVSM_UpdateStates()

No need to call ActuatorDisk UpdateStates(), as this is blank anyway...

Calculate Output
Calculate the output-mesh motions of the fuselage, wings, vertical stabilizer, horizontal stabilizers, and pylons via
mesh mapping:

OutﬂFua MLZP(ﬂFua AFu\)
Out g Fus __ L2P Fus
A =M (A

Out—SWn MLZP — SWn ASWn)
J

OLdASWn_MLZP AS )
i

J

(
(

OM»PWn Msz(aPWn APWn)
(

J
UutAl."Wn :M,I{ZP pr,,)
our~V5 MLzP (ﬁ;S,Ajl./s)
““’Aj.VS =M (AF)
Ouzﬁst _ M[LZP (—;HS A.SHS)
OutAjSHS :MjZP(A;S‘HS)
()z:tﬁ;’HS — MILZP (a]/_vﬁs A(DHS)
OmA;’HS :szp (A;“HS)

o ang” |:nPw[0ns:| MLzP (ﬁSP} [nPylans:| Any |:nPy[z7ns :|)

Out 4Py _asL2P( 4Py
A/’ |:nPylonx ] - M/l (A[ |:nPylons :|)
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QOut —~ PPy
u Y

—.Pf’y
u;

[nPyh;,m:| = sz P (
e ] 57 (47 [ )

Calculate the aerodynamic loads on the fuselage,
follows:

Qut 4 PPy
AJ'

|: Mpyions ] , Afpy |: Mpyions ] )

wings, vertical stabilizer, horizontal stabilizers, and pylons as

o Set the KiteVSM inputs as in Update States above

e Call KiteVSM_CalcOutput()

e Transfer the aerodynamic loads—per element—calculated by KiteVSM to the KiteAeroDyn output mesh:

7 Fus o 1 Fus v, .
F" =F, and M =M, (for j={1,2,..., NumFusNds —1})
ESWn _ SWn _ 1y .
E7 = Fvumpusnas—1 a0d MG =M v (for j= {1 +2,..., NumSWnNds — 1 })
o PWn __ s PWn _ x g .
FI" =F, ompunas—g a0d M =M v (for j={1,2,..., NumPWnNds —1})
+NumSWnNds—1 +NumSWnNds—1
VS _ VS _ ag . _
F” =F, vumpusvas—1 @04 M =M, yumrusvasi (for j = {I,Z,...,NumVSNdS ]})
+NumSWnNds—1 +NumSWnNds—1
+NumPWnNds—1 +NumPWnNds—1
TSHS _ 7 T SHS _ 77 .
F/' - F}+Nzln1Fus]\/a's—1 and M_f - Mj+NumFu5N¢Ixfl (for J= {]’ 2’ ERRS] NumSHSNds — ]} )
+NumSWnNds—1 +NumSWnNds—1
+NumPWnNds—1 +NumPWnNds—1
+NumVSNds—1 +NumVSNds—1
TPHS _ ~ PHS _ 77 .
FI™ = F, sy @0d MU =M v (for j={1,2,...,NumPHSNds —1})
+NumSWnNds—1 +NumSWnNds—1
+NumPWnNds—1 +NumPWnNds—1
+NumVSNds—1 +NumVSNds—1
+NumSHSNds—1 +NumSHSNds—1
and (for j :{1,2,...,NumPledS—1})
ISPy & 7 SPy v
T ["wa.\ :' = F} Nuwrusnis-1 M; [”P\Iam ] =M ;. Numrusnis-1
+Nums - +Nun -1
+ NumP
+Num’
+Nun
ds +NumPHS,
+{(NumPyINds~1)(py g0, ~1 ) +(NumPyINds—1)(1pyjons ~1)
and (for j={1,2,..., NumPyINds —1})
PPy 7 7 PPy v
F, I:nPuom J = F,f‘xunr s M/PP' ["l’\‘/mn ] = 4N Nds—1

1
+(NumPyINds 1N
+(NumPyINds 1) (py 100, ~1)

Calculate the aerodynamic rotor loads as follows:

IF (RotorMod = 1) THEN

The calculations below are in a loop for n Pylons

Nds—1
s-1

NumP)
+NumVSNds~1
+ NumSHSNds~1
+NumPHSNds~1
+( NumPyINds ~1)N py 10,
+(NumPyINds 1)1 -1)

={1,2,..,N,

i

{

lm} and n, = {] 2 } . Also the calculations for

the rotors on the starboard wing should be repeated for the rotors on the port wing.

Set inputs to ActuatorDisk:
_ SPyRtr
« 2=0 [nPylons ’ n2:|

__ SPyRtr
e 0=0 [nRL>Ions 4 n2:|

Rel __||Rel 77 SPyRtr
v - v |:nPylans ’ nZ :|

2
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0 for(V*! =0)

x= Rel VSPthr |:np),~1m,s ., :| ° )ACSPthr [nP}:[()ny ., :| .
ACOS e otherwise

where:
Rel 17 SPyRir __ 17 SPyRir = SPyRir
v [nPy/ans ’ nZ :| =V [nPy/ans ’ nZ :| -V |:n1?vlons 4 n? j|
Call ActuatorDisk CalcOutput()

Set KiteAeroDyn outputs related to the rotors:

F

X

- T
SPyRtr _ Disk
F [nl’ylnm 21y :| - |:A |:nl’ylnn.t RO ]j| F

y

F

z

M

X

— T
SPyRtr _ Disk
« M [nPylmzs 4 n2:| - |:A [”Pyl{m.\ RO ]:| My

M

z

where a local disk coordinate system is defined such that Rk

~ Disk 2 Disk
y ':nPylom' ’ nZ :| /z

o Disk ~ Disk . s Rel 77 SPyRtr .
X [npylnm N, :| 1y |:i1pylonY , I’lz] plane with positive V [npy,m s n2:| along negative

~ Disk 2 Disk
y [nP)flzms s nZ :| ,and Z

[n,,y,om,nZ] is normal to the disk,

. . Rel 77 SPyRtr . .
|:nPy10ns’n2:| are in the disk, V [nl’yl()ns’nZ:| is in the

[n Pylons > nz] is normal to this plane as follows:

[pos ] =

for (H( Rel St g 2R

i _Rel iy
_Ret jFsmi

L ["mwn;] = 0)

Rl Siyi g 5P ) e _Rel s Rt jsmin

Rel S
(7

o Rel 7Pk

|:”rv fonc? m} otherwise

ELSE

The calculations below are in a loop for 71, = {1, 2,..., pr,m} and n, = {1, 2} . Also the calculations for

the rotors on the starboard wing should be repeated for the rotors on the port wing.

Set KiteAeroDyn outputs related to the rotors:
7+ SPyRtr -n
F [nPy/ans 4 nZ :| =0

7 SPyRtr -n
« M [nPylrms 4 nZ:' =0

END IF

Calculate the write outputs and write outputs to a file as follows
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This is a list of all possible output parameters available within the KiteAeroDyn module. The names are grouped
by meaning, but can be ordered in the OUTPUTS section of the KiteAeroDyn input file as you see fit.

Fusp refers to output node B3 on the fuselage, where P is a one-digit number in the range [1,9] corresponding to

the center of the element where entry B in the [FusOutVd list defines the endpoint with the smallest x. Setting >

NFusOuts yields invalid output.

SWnp and PWnp refer to output node B on the starboard and port wings, respectively, where B is a one-digit
number in the range [1,9] corresponding to the center of the element where entry B in the SWnOutNd and
PWnOutNd lists define the endpoints with the smallest y and largest y, respectively. Setting 3 > NSWnOuts and
NPWnOuts, respectively, yields invalid output. SFlpa and PFlpa refer to flap o on the starboard and port wings,
respectively, where a is a one-digit number in the range [1,9]. If NumFlaps > 9, only the first 9 flaps can be
output.

VSP refers to output node B on the vertical stabilizer, where B is a one-digit number in the range [1,9]
corresponding to the center of the element where entry B in the VSOutNd list defines the endpoint with the
smallest z. Setting B > NVSOuts yields invalid output. Rudra refers to rudder o on the vertical stabilizer, where o
is a one-digit number in the range [1,2].

SHSP and PHSP refer to output node B on the starboard and port horizontal stabilizers, respectively, where f is a
one-digit number in the range [1,9] corresponding to the center of the element where entry B in the SHSOutNd
and PHSOutNd lists define the endpoints with the smallest y and largest y, respectively. Setting B > NSHSOuts
and NPHSOuts, respectively, yields invalid output. SElva and PElva refer to elevator a on the starboard and
port horizontal stabilizers, respectively, where a is a one-digit number in the range [1,2].

SPa and PPa refer to pylon a on the starboard and port wings, respectively, where o is a one-digit number in the
range [1,9]. SPaf and PPaf refer to output node B on pylon a on the starboard and port wings, respectively,
where a is a one-digit number in the range [1,9] and B is a one-digit number in the range [1,9] corresponding to
the center of the element where entry B in the PylOutNd list defines the endpoint with the smallest z. Setting o >
NumPylons or setting § > NPylOuts yields invalid output. If NumPylons > 9, only the first 9 pylons can be
output.

For the fuselage, wings, vertical stabilizer, horizontal stabilizers, and pylons, the local airfoil coordinate system,
including the local angle of attack and force components, is shown below. ‘The spanwise (.S ) axis is not shown,
but is directed into the page following the right-hand rule i.e. § =7 X ¢, where 7 is normal to the chord pointed
toward the suction surface and ¢ is along the chord pointed toward the trailing edge.\
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Commented [3J22]: Because the outputs are based on the
centers of the elements, and not the element end points, the
FusOutNd list cannot contain node NumFusNds. Likewise for the
wings, stabilizers, and pylons.

~__—| Commented [3323]: The local coordinate system in KiteVSM

has x=n, y=c, and z=s.




a: Local Angle

Local Blade
Chordline

Local Airfoil
Coordinate

of Attack System
Viei: Local Relative
Wind Speed
Channel Name(s) Unit(s) Description
Fuselage

FusBVAmbn, FuspVAmbc, FusVAmbs

(m/s), (m/s), (m/s)

Ambient wind velocity at Fus in the local airfoil
coordinate system

FusBSTVn, FusBSTVc, FuspSTVs

(m/s), (m/s), (m/s)

Structural translational velocity at Fusp in the
local airfoil coordinate system

FuspVRel (m/s) Relative wind speed at Fusf
FusfDynP (Pa) Dynamic pressure at Fusf
FuspRe, FuspM ), () Reynolds number (in millions) and Mach number

at Fusf

FusBVIndn, FusfVIndc, FuspVInds

(m/s), (m/s), (m/s)

Induced wind velocity at Fusf in the local airfoil
coordinate system

FuspAlpha (deg) Angle of attack at Fusf
FusBCl, FuspCd, FuspCm, ), (), (), Lift force, drag force, pitching moment, normal
FuspCn, FuspCc ), () force (to chord), and chordwise force coefficients

at Fusp

FusfF1, FuspFd, FuspMm,
FusPFn, FusPFc

(N/m), (N/m), (N-m/m),

(N/m), (N/m)

Lift force, drag force, pitching moment, normal
force (to chord), and chordwise force per unit
length at Fusp

Starboard (Right) Wing

SWnBVAmbn, SWnfVAmbe, SWnVAmbs

(m/s), (m/s), (m/s)

Ambient wind velocity at SWnf in the local
airfoil coordinate system

SWnBSTVn, SWnBSTVc, SWnBSTVs

(m/s), (m/s), (m/s)

Structural translational velocity at SWnf in the
local airfoil coordinate system

SWnpVRel (m/s) Relative wind speed at SWnf3
SWnBDynP (Pa) Dynamic pressure at SWnf3
SWnpRe, SWniM ), () Reynolds number (in millions) and Mach number

at SWnp

SWnfVIndn, SWnBVIndc, SWnBVInds

(m/s), (m/s), (m/s)

Induced wind velocity at SWnp in the local airfoil
coordinate system

SWnpAlpha

(deg)

Angle of attack at SWnp

SFlpoCtrl

(user)

Control setting of flap SFlpa
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SWnBCl, SWnBCd, SWnBCm, ), (), (), Lift force, drag force, pitching moment, normal

SWnBCn, SWnpCc ), () force (to chord), and chordwise force coefficients
at SWnf

SWnpFl, SWnfFd, SWnfMm, (N/m), (N/m), (N-m/m), Lift force, drag force, pitching moment, normal

SWnpFn, SWnpFc (N/m), (N/m) force (to chord), and chordwise force per unit

length at SWnp

Port (Left) Wing

PWnBVAmbn, PWnVAmbc, PWnpVAmbs

(m/s), (m/s), (m/s)

Ambient wind velocity at PWnf in the local
airfoil coordinate system

PWnpSTVn, PWnBSTVc, PWnpSTVs

(m/s), (m/s), (m/s)

Structural translational velocity at PWnf in the
local airfoil coordinate system

PWnBVRel (m/s) Relative wind speed at PWnf3
PWnBDynP (Pa) Dynamic pressure at PWnf3
PWnpRe, PWnM ), () Reynolds number (in millions) and Mach number

at PWnf

PWnBVIndn, PWnfVIndc, PWnpVInds

(m/s), (m/s), (m/s)

Induced wind velocity at PWnp in the local airfoil
coordinate system

PWnpAlpha (deg) Angle of attack at PWnp

PFlpaCitrl (user) Control setting of flap PFlpa

PWnCl, PWnpCd, PWnpCm, ), (), (), Lift force, drag force, pitching moment, normal
PWnpBCn, PWnBCc ), () force (to chord), and chordwise force coefficients

at PWnf

PWnpFl, PWnBFd, PWnfMm,
PWnfFn, PWnfFc

(N/m), (N/m), (N-m/m),
(N/m), (N/m)

Lift force, drag force, pitching moment, normal
force (to chord), and chordwise force per unit
length at PWnp

Vertical Stabilizer

VSBVAmbn, VSBVAmbe, VSBVAmbs

(m/s), (m/s), (m/s)

Ambient wind velocity at VSB in the local airfoil
coordinate system

VSBSTVn, VSBSTVe, VSBSTVs

(m/s), (m/s), (m/s)

Structural translational velocity at VSB in the
local airfoil coordinate system

VSBVRel (m/s) Relative wind speed at VSB
VSBDynP (Pa) Dynamic pressure at VSB
VSBRe, VSM ), ) Reynolds number (in millions) and Mach number

at VSB

VSBVIndn, VSBVInde, VSPVInds

(m/s), (m/s), (m/s)

Induced wind velocity at VSP in the local airfoil
coordinate system

VSBAlpha (deg) Angle of attack at VS

RudraCtrl (user) Control setting of rudder Rudra

VSBCI, VSBCd, VSBCm, ), (), (), Lift force, drag force, pitching moment, normal
VSBCn, VSBCc ), () force (to chord), and chordwise force coefficients

at VSB

VSBFI, VSBFd, VSBMm,
VSBFn, VSBFc

(N/m), (N/m), (N-m/m),
(N/m), (N/m)

Lift force, drag force, pitching moment, normal
force (to chord), and chordwise force per unit
length at VSP

Starboard (Right) Horizontal Stabilizer

SHSBVAmbn, SHSBVAmbe, SHSBV Ambs

(m/s), (m/s), (m/s)

Ambient wind velocity at SHSP in the local
airfoil coordinate system

SHSBSTVn, SHSPSTVc, SHSPSTVs

(m/s), (m/s), (m/s)

Structural translational velocity at SHSP in the
local airfoil coordinate system

SHSPVRel (m/s) Relative wind speed at SHSB
SHSBDynP (Pa) Dynamic pressure at SHSB
SHSPRe, SHSM ), () Reynolds number (in millions) and Mach number

at SHSB

SHSBVIndn, SHSBVInde, SHSBVInds

(m/s), (m/s), (m/s)

Induced wind velocity at SHSP in the local airfoil
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coordinate system

SHSPAlpha (deg) Angle of attack at SHSB

SElvaCtrl (user) Control setting of elevator SElva

SHSBCI, SHSPCd, SHSBCm, ), (), (), Lift force, drag force, pitching moment, normal
SHSBCn, SHSBCc ), () force (to chord), and chordwise force coefficients

at SHSB

SHSBFI, SHSBFd, SHSBMm,
SHSPFn, SHSBFc

(N/m), (N/m), (N-m/m),
(N/m), (N/m)

Lift force, drag force, pitching moment, normal
force (to chord), and chordwise force per unit
length at SHSB

Port (Left) Horizontal Stabilizer

PHSPVAmbn, PHSBVAmbe, PHSBVAmbs

(m/s), (m/s), (m/s)

Ambient wind velocity at PHSP in the local
airfoil coordinate system

PHSBSTVn, PHSBSTVc, PHSBSTVs

(m/s), (m/s), (m/s)

Structural translational velocity at PHSP in the
local airfoil coordinate system

PHSBVRel (m/s) Relative wind speed at PHSPB
PHSBDynP (Pa) Dynamic pressure at PHSB
PHSBRe, PHSPM ), () Reynolds number (in millions) and Mach number

at PHSP

PHSBVIndn, PHSBVIndc, PHSBVInds

(m/s), (m/s), (m/s)

Induced wind velocity at PHSP in the local airfoil
coordinate system

PHSBAlpha (deg) Angle of attack at PHSP

PElvaCtrl (user) Control setting of elevator PElva

PHSBCI, PHSBCd, PHSBCm, ), (), (), Lift force, drag force, pitching moment, normal
PHSPCn, PHSBCc ), () force (to chord), and chordwise force coefficients

at PHSB

PHSBFI, PHSPFd, PHSPMm,
PHSPFn, PHSPFc

(N/m), (N/m), (N-m/m),
(N/m), (N/m)

Lift force, drag force, pitching moment, normal
force (to chord), and chordwise force per unit
length at PHSB

Pylons

SPofSVAmbn, SPafVAmbc, SPafVAmbs,
PPofVAmbn, PPaBVAmbc, PPaBVAmbs

(m/s), (m/s), (m/s),
(m/s), (m/s), (m/s)

Ambient wind velocity at SPofy and PPaf in the
local airfoil coordinate system

SPaBSTVn, SPaBSTVc, SPapSTVs,
PPaBSTVn, PPaBSTVc, PPufSTVs

(m/s), (m/s), (m/s),
(m/s), (m/s), (m/s)

Structural translational velocity at SPaf and PPaf3
in the local airfoil coordinate system

SPoffiVRel, (m/s), Relative wind speed at SPaf and PPof3

PPofVRel (m/s)

SPofiDynP, (Pa), Dynamic pressure at SPaf and PPof3

PPafDynP (Pa)

SPapRe, SPafiM, ), (), Reynolds number (in millions) and Mach number
PPafRe, PPapM (). () at SPaf and PPaf}

SPofVIndn, SPaBVInde, SPaffVInds
PPoBVIndn, PPafVIndc, PPaBVInds

(m/s), (m/s), (m/s),
(m/s), (m/s), (m/s)

Induced wind velocity at SPaf and PPaf in the
local airfoil coordinate system

SPapAlpha, (deg), Angle of attack at SPafp and PPaf

PPofAlpha (deg)

SPapCl, SPapCd, SPapCm, ), (), (), Lift force, drag force, pitching moment, normal
SPapCn, SPapCec, ), (), force (to chord), and chordwise force coefficients
PPafCl, PPafCd, PPapCm, ), (), (), at SPaf and PPaf

PPofCn, PPafCc (=), (=)

SPapFl, SPapFd, SPafMm,
SPapFn, SPafFc,
PPofFl, PPapFd, PPapfMm,
PPofFn, PPafFc

(N/m), (N/m), (N-m/m),
(N/m), (N/m),
(N/m), (N/m), (N-m/m),
(N/m), (N/m)

Lift force, drag force, pitching moment, normal
force (to chord), and chordwise force per unit
length at SPaf and PPaf

Rotors

SPaTTSR, SPaBTSR, ), (), Rotor tip-speed ratio of the top (T) and bottom
PPaTTSR, PPaBTSR (=), () (B) rotor on SPa and PPa
SPaTPitch, SPaBPitch, (deg), (deg), Rotor-collective blade-pitch angle of the top (T)
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PPaTPitch, PPaBPitch

(deg), (deg)

and bottom (B) rotor on SPa and PPa

SPaTSkew, SPaBSkew,
PPaTSkew, PPaBSkew

(deg), (deg),
(deg), (deg)

Rotor inflow-skew angle of the top (T) and
bottom (B) rotor on SPa and PPa

SPaTRtSpd, SPaBRtSpd,
PPaTRtSpd, PPaBRtSpd

(rad/s), (rad/s),
(rad/s), (rad/s)

Rotor speed of the top (T) and bottom (B) rotor
on SPa and PPa

SPaTVRel, SPaBVRel,
PPaTVRel, PPaBVRel

(m/s), (m/s),
(m/s), (m/s)

Rotor-disk-averaged relative wind speed of the
top (T) and bottom (B) rotor on SPa and PPa

SPaTCp, SPaBCp, PPaTCp, PPaBCp,
SPoTCq, SPaBCq, PPaTCq, PPaBCq,
SPoTCt, SPaBCt, PPaTCt, PPaBCt

(), () (), (),
() (9 (), (),
(), (1), (), ()

Rotor power, torque, and thrust coefficients of the
top (T) and bottom (B) rotor on SPa and PPa

SPaTFx, SPaBFx, PPaTFx, PPaBFx,
SPuoTFy, SPuBFy, PPaTFy, PPaBFy,
SPoTFz, SPaBFz, PPaTFz, PPaBFz,
SPaTMx, SPaBMx, PPaTMx, PPaBMx,
SPaTMy, SPaBMy, PPaTMy, PPaBMy,
SPaTMz, SPaBMz, PPaTMz, PPaBMz

M), (N), (N), (N),
M), (N), (N), (N),
M), (N), (N), (N),
(N-m), (N"m), (N-m), (N-m),
(N-m), (N"m), (N-m), (N-m),
(N-m), (N"m), (N-m), (N-m)

Rotor aerodynamic loads fin the local coordinate

system] of the top (T) and bottom (B)-1 Commented [3324]: This coordinate system is coincident with

SPa and PPa the body-fixed local coordinate of the energy kite, but following the
deflections of the wings and pylons. The coordinate system is not
associated with the azimuth or inflow-skew angle of the rotor.

SPaTPwr, SPaBPwr, W), (W), Rotor power of the top (T) and bottom (B) rotor
PPaTPwr, PPaBPwr (W), (W) on SPa and PPa
Energy Kite

KiteFxi, KiteFyi, KiteFzi,
KiteMxi, KiteMyi, KiteMzi

(N), (N), (N),
(N'm), (N'm), (N-m)

Total integrated aerodynamic loads applied to the
energy kite about the fuselage reference point in
the global inertial-frame coordinate system

KitePwr

W)

Total power from all rotors

These are calculated within KiteAeroDyn as follows:

Fuselage:
Fus fVAmbn

FusVAmbc ; = *A™
FuspVAmbs
FusfSTVn
FusBSTVc }="°
FuspSTVs
FusfVRel=U

rel pusounal p) ‘

ut 4 Fus i = Fus
FusOutNd([ ] 2 vFus()uthl[ﬂ]

1= Fus 7 Fus
FusOuNd[ B {E (VFus()utNd[ gt Vo we )}

= Fus
+ vFuxOutNd[ﬂ]+1 )}

_~| Commented [3325]: U_rel is from the VSM theory
) documentation; likewise below.

rel,

Fus fDynP= é pU’

FusOutNd[ ]

c U
FusOutNd[ ] relpysounay p)

FusfRe| | 1000000KinVisc
FusfpM

rel,

| Commented [3J26]: c is from the VSM theory documentation;
/| likewise below.

FusOutNd[ B]
SpdSound
FusVIndn
Ou us 7
FusBVIndc r = tAI{;sOutNd[ /;]Uindmow 7]
FusfVinds

/| Commented [3327]: U_ind is from the VSM theory
/| documentation; likewise below.

FusﬂAlpha:@a
V4

FusOutNd([ 8] ‘ ‘

Commented [3J28]: alpha is from the VSM theory
documentation; likewise below.

I
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lFusOuuVJ

FusBCl .

Fu S ﬁCd dFmOulNd[/i]

Fus ﬂ Cm = C’”Fuwu/,w[/i]

FusBC

MSﬂ " ClFusOw.’W[/}] cos (aFusOuthl[ﬂ] ) + C‘lrmaww[ﬁ] SIN(CZ
FuspCc
e SIN (aFu:OutNd[ A ) + Cdmo,w[ A cos ( a

FusBFIl (FuSﬁDyn)cFusode[[f](Fusﬂcz)

FuspFd (FuSﬂDyn)cFuSOurNd[ﬁ](FusﬂCd)
FusBMm ; = (FusﬁDyn)c;mOMd[ﬁ] (Fus3Cm)
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+ NumSHSNds~1

+ NumPHSNds—1

+( NumPyINds—1)(a~1)

PylOutNd[ B

+ NumFusNds—1

+ NumSWnNds~1

+ NumPWnNds—1

+ NumVSNds—1

+ NumSHSNds—1

+ NumPHSNds—1
+(NumPyINds—1)(a~1)

ch/()u/Nd[ Bl

+ NumFusNds—1
+NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHSNds—1
+(NumPyINds—1)(a~1)

PylOutNd[ ]
+NumFusNds—1
+NumSWnNds~1
+NumPWnNds~1
+NumVSNds~1
+NumSHSNds—1
+NumPHSNds~1

+( NumPyINds—1)(a~1)

Cpyiound (8]

+ NumFusNds—1

+ NumSWnNds~1

+ NumPWnNds—1

+ NumVSNds~1

+ NumSHSNds~1

+ NumPHSNds~1
+(NumPyINds—1)(a~1)

2

PylOwNd[ ]
+NumFusNds—1

+ NumSWnNds—1

+ NumPWnNds—1

+ NumVSNds—1

+ NumSHSNds~1

+ NumPHSNds—1
+(NumPyINds~1)(a~1)

c

PylOuNd[ B]

+ NumFusNds—1

+ NumSWnNds~1
+NumPWnNds~1

+ NumVSNds—1

+ NumSHSNds—1

+ NumPHSNds—1
+(NumPyINds—1)(a—1)

ch/()mNd[ﬁ]

+ NumFusNds—1
+ NumSWnNds—1
+NumPWnNds—1
+NumVSNds—1
+NumSHSNds—1
+NumPHS. -1
+(NumPyINds—1)(a~1)

(SPapCl)

(SPapCd)

(SPaﬁCm)

(SPaBCn)

(SPa,BCc)

(PPapCI)

(PPafCd)

(PPaﬂCm)

(PPaf3Cn)

(PPaﬁCc)
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Rotors

SPaTTSR
SPaBTSR
PPaTTSR
PPaBTSR

SPaTPitch
SPo BPitch
PPaTPitch
PPoa BPitch

SPaTSkew
SPo BSkew
PPoTSkew
PPa BSkew

SPaTVRel

PPaBVRel

SPaTRiSpd
SPaBRiSpd | | 2°""" [a,2]

SPaBVRel |
PPaTVRel [~

‘ (QSPRr [a,]]RSPerr [a,l] ‘

RelVSPthr [a’]]”esmm [a,]]‘

QPR [a,Z]RSPthr [a,Z]
Rel 7 SPyRir [a’z].)/eSP}’Rrr [a,Z]

QPPthr [a,]]RPPthr [a,]]

Rel VPPthr [a’]] o )Z_PPszr [a) 1]

QPR [a’Z]RPPthr [0{)2] ‘
RelI}'PPler [0{,2] o pPRVRIr [a,2]‘

eSPler [a’]]
B @ gSPthr [a,Z]
- T QI’I’szr [a) 1]
HPPthr [a)z]
/,KSPthr [a’]]
_ @ ZSPthr [0{,2]
pa lPPszr [a,]]
ZPPthr [ajz]
.QSRvRtr [a, 1]

PPaTRtSpd | | 2™ [, 1]
PPaBRiSpd | | Q2" [a,2]

177 SPyi
Rel |7 SPyRir [a’]]HZ

Rell}'spykrr [a’Z]HZ
Rel 7 PPyRir
el PR [a,]]Hz

Rel 17 PPyR
e V yRitr [a,Z:lH2
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| Commented [J]31]: R"SPyRtr and R"PPyRtr are the RtrRad
|| inputs.

If the denominator is zero, then TSR should be set to zero.



SPaTCp
SPaBCp
PPaTCp
SPaBCp
SPaTCq
SPaBCq
PPaTCq
PPaBCq
SPaTCt
SPaBCt
PPaTCt
PPaBCt

S, 1]
s @, 2]
C}I;Pthr [a, ]]
I [a,2]
P [, 1]
P [a,2]
—C (a1, 1]
(a2
—Cs [a,1]
P [a,2]
—CI a1, 1]
™ [,2]
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SPaTFx
SPo BFx
PPaTFx
PPo BFx
SPaTFy
SPaBFy
PPaTFy
PPaBFy
SPaTFz
SPoaBFz
PPaTFz
PPaBFz
SPaTMx
SPo BMx
PPaTMx
PPo BMx
SPaTMy
SPaBMy
PPaTMy
PPoaBMy
SPaTMz
SPoaBMz
PPaTMz

PPoaBMz

SPaTPwr
SPa BPwr
PPaTPwr |
PPa BPwr

Energy Kite

PR [a,]]OfCSR”R” [a,l]

FvSI’yRI/" [a,Z] o $SPRer [(Z,Z]

FP% (o, 1] 03" [a,1]

ﬁvPPyR[r [a’z].)’él’l’ymr [06,2]
PR [a’]] .)»}SPyR,r [a,]]

PR [a,Z] . J’}SPthr [a,Z]
FPRyRIr [a}]] . )f*}PPyR/r [a,]]

From [, 2]e 577 [a,2]
F"vspymr [0(, l] o 35PRir [(Z,]]

P [g,2]0 277 [ a,2]

F™ [, 1]e 2" [a,1]

PRy [a,Z] o SPRIRIr [a,Z]
PR [a,]].)ESRVRW [a,]]
Mspymr [0!,2] . )Acspymr [0!,2]
M™" [, 1|0 ™ [a,1]
M [, 2]0 57 [, 2]
SR [a,]].)/‘}SPszr [0!,]]
M SPRr [a,Z] . J’}SPthr [a,Z]
NP [, )0 57 [, 1]
M PR [a,Z] . J’}PPthr [a,Z]
MSPthr [06, l] o 35PRir [a’]]
M [, 2]0 2577 [, 2]
MR e, 1]e 2% [, 1]

MPPyR[/ [ajz] ° éPPyR!r [a’z]

PSPler [0(,1]
PSBthr [0!, 2]

- PPPthr [a,l]

prrkir [ a, Z]
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MII:ZP ( Fus )

MEF
P2P
+M

")
")

P2P
+M

)

+M52P

(7
(7
(7
()
(70
(75" D)
(7
(7
(

P2P
+M,
+MII;2P nP)lon: ])
KiteFxi M SPvRtr
. . F nPylons"nZ
KiteFyi
P2P ( > PPyR
KiteFzi M FTT Pyl{ms’nl])
KiteMxi B P2P ( =FusO Out =+Fus >Fus yfFus
My, g F M
KiteMyi . ~
P2P ( =FusO Out—~SWn SWn SWn
M (", O ES M)
KiteMzi M 4 7 J

+MA};2P( FusO Out 75 PWn FPWn MPWn)

+M;{2P( Fm() Out 77Vs FVS MVS)
P2pP

+M,, (

4 MASZP( Fus() Out 7 PHS FPI-LS MPHs)

h«vO Out 4SHS 7 SHS SHS
EIS M

P2P Fm() Out aSP) 7 SPy 1 SPy
+MM [anlwn :| F; |:nPyl(ms ] ’ Mj |:nPyIan.s :|)

P2pP A‘FIAYO Out "PPV PPy
+MM u ‘/ |:nPylon: ] F [nP) lons :| M/ |:nP}lons :|)

P2P Fus() —'SPthr > SPyRtr 1 SPYRtr
+My, [npylons o) :| F |:nPylnm ) :| M [nPonnx e ])

P2P ( =FusO —PPyRir - PPyRIr r PPyRir
+MM (u 4 u/' |:nPylons 4 n2 :| 4 F [nPylans 4 nZ :| 4 M [nPylans ’ nZ ])

. _ pSPyRtr PPyRir
KitePwr = P [n Prions T2 ] +P |:nPy1(m.S' L) }
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Actuator Disk (MODULE ActuatorDisk)
Solves quasi-steady actuator disk to calculate the 3 forces/3 moments/power dependent on the rotor speed (£2),

rotor inflow relative wind speed (vector magnitude ket ), rotor inflow skew angle ( ¥ ), and rotor-collective blade-
pitch angle (0).

Note: The actuator disk is defined with local x normal to the disk (pointed forward, in the primary direction of
flight) and positive rotation (£2) about positive local x . The VR Vector is always in the local X -y plane, and
unless ¥ is 0° or 180°, the V! vector has a component along negative local y . Local z follows the right-hand

rule. (That is, the local coordinate system rotates with the y kel vector.)

z
Inputs Outputs States Parameters
e () —Rotor speed e F_— Thrust (x/axial) e D —Rotor diameter (m)
(rad/s) force (N) e N, .spa — Number of rotor

VRl _ Rotor inflow
relative wind speed
(ambient + kite
motion) (vector
magnitude) (m/s)

X — Rotor inflow-
skew angle (rad)

6 — Rotor-collective
blade-pitch angle
(rad)

Fy — Transverse (y)
force (N)

F —Transverse (2)
force (N)

M | - Torque (x)
(Nm)

M ,, — Transverse (y)
moment (Nm)

M — Transverse (z)
moment (Nm)

P —Power (W)

speeds in tables (-)

N, z.; — Number of rotor
inflow wind speeds in tables
)

N , — Number of rotor

inflow-skew angles in tables
)
N, — Number of rotor-

collective blade-pitch angles
in tables (-)

RtSpd |:nRtS[Jd:| — Rotor
speeds in tables (rad/s)
V Rel[n,p,, ]| - Rotor

inflow wind speeds in tables
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(m/s)
o ¥ |:nl } — Rotor inflow-
skew angles in tables (rad)
o« 0 [ng] — Rotor-collective

blade-pitch angles in tables
(rad)

o Cp [anSpd’nVRel’nl’nﬂ]
— Thrust (x/axial) force
coefficient (-)

o Cop| Npspas My gers 1y ”9:|

— Transverse (y) force
coefficient (-)

s Cpn [nRrSpd’nVRel’nl’neJ
— Transverse (z) force
coefficient (-)

o Cy [nRtSpd sy pers My s ”o}
— Torque (x) coefficient (-)
® CMy [nRtSpd’nVRel’nl’nH

— Transverse (y) moment
coefficient (-)

o C |: RtSpd’nVRc[’n;{’nBJ
— Transverse (z) moment
coefficient (-)

e G [”st,;d My Rer Ty s ”ﬁ:|

— Power coefficient (-)

Initialization:

Initialization Inputs Initialization Outputs

e R —Rotor radius (m)

e P —Air density
(kg/m”3)

o FileName - File
name (including path)
of the actuator disk
input file (string)

Set parameters from initialization inputs (D = 2R))

Read in parameters from FileName (NRrSpd S N,,Re,, Nz S N19 s RtSpd |:}1R1Spd:|, VRel[n,,RF,], ,’{[l’ll:|,
‘9[”9] > Cr [”st,;d:nme/’”;p”a] CFy nRtSpd’nVRel’n;(’n€:| > Cr. |:nRtSpd’nVRel’n1’n9:| >
C [nRtSpd’nVRel’nl’nﬁ] > Cuy [nRtSpd’nVRel’nl’nﬁ] > C. .:nRtSpd’nVRel’n;(’n€:| >

Cp [”st,uz sy pers 1y, Mg :| )-

Convert units of & [ng] and y [n 1] from degrees to radians.
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Note/verify restrictions on input data:

¢« O<R.
e O<p.
e« 2LXN,

Rispa s MUst be the same for each table; note: 1 < n1pq,, < N,

RtSpd *

e 2< N,,,,; must be the same for each table; note: 1 <ny, ., < Nyp,, -

¢ 2< Nz ; must be the same for each table; note: / < n, < Nz .

e 2 < N,;must be the same for each table; note: / <n, <N, .

o RtSpd |:nRtSpd ] ; data must be entered monotonically increasing.

e 0<V Rel [nV Rel ] ; data must be entered monotonically increasing.

e 0Ly |:n l] < 7 (radians); data must be entered monotonically increasing.

. ’—7[ <0 [ng] < 7 (radians); data must be entered monotonically increasing.

Update States:
Blank.

Calculate Outputs:

Trigger a

fatal  emor if ((2< Respa[1]).OR (@ > RiSpd [ Ny, ])).

(V"' < Rel[1]).OR.(V"" >V Rel[N,,]). ((z<z[1)0R (2> 2[N,])).
((0<0[1).0R(0>0[N,])).

Calculate the outputs via HD interpolationl:

F, = INTERP4D| pD’
F, = INTERP4D| pD*

F, = INTERP4D| pD*

M _ =INTERP4D| p

M, =INTERP4D| p

M, =INTERP4D

2r

AL RiSpd @ 2.V Rel [ @V ™, y[[|@ x.0[] @0

(QI Cp [1553] Rispd [J@ v Rel[J@V™, z[}]@ z.6[:] @6
(2]l

p(2] culizd mspllaar reiller™. e zoflao

(%j w [ Respd[J@ 2.7 Rel[J@V ™ z[]@ 7.0[ @0
oo/ (2) e, Litdmspiblaar rflar 2llazofleo
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Commented [3332]: Don’t need to have lower and upper
bounds on theta.

Commented [jmj33]: Id prefer this to use the 4D isoparametric
interpolation that is currently used in InflowWind




(0 3 P . I[: VRL’I) 2@1)6[5]@6
P—1NTERP4D(pD (E] Cpl1.81 ] RiSpd [[|@ .V Rel[J@V™, x[]
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