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inviscid and icompressible fluid

irrotational flow in the exterior of the propeller/hub
boundaries and an a-priori unknown wake

moving frame fixed on the propeller blade:
Vo = Vin +Qxr
V= (6¢ 9o 9%

Bx’ By’ Bz
D=0+ doo
¢: perturbation velocity potential
$oo: velocity potential at infinity

2® = 0: Laplace field equation

kinematic bc on Sg U Sy : % =—-Vx:n

dynamic bc on Syy:
Ap = p, — p; =0, p: pressure

kinematic bc on Sy : % — % =0
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2n0(p) - [ @2 Bas— [ as@)

Sw

9G(P,Q)

dS
on

= (Voo -n)G(P,Q)dS, PES, U S\ TE,
SyUSE

3D Laplace basic singularity: G(P, Q) = ﬁr‘l(P7 Q)
r: distance between P and Q

¢(P): potential on boundary surface

A¢ = ¢y — ¢;: potential jump on wake

TE = Sg N Syy: propeller's blade trailing edge from which wake emanates

[Vo(P)| < o0, PeTE
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Kerwin and Hadler (2010):
o Ap(Q)ls,, =
A¢(s1, )]s, =
%(51,52)|5WnTE =
Ad(s2)

o Ad(s2) = Ag(&ilsgnTE, €2)
- which is appropriate for:
or A\
g e 2D flows &

@ 3D flows with wings slowly
varying along the spanwise
(s2) direction
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e blade (Sg = U, S, g) and wake (W = U, S, ) surfaces will be represented
by bicubic T-spline surfaces:

ge,megy em\Tpe,m(gy (de,m)Twe,mce’mB(E) _
K@) = (@ TRE) = S S R mm g

@ employing the isogeometric concept,

o the pertubation potential ¢(P) is projected on the same spline space used for the blade
representation

ng
B(P)=>_ ¢iR(P), R(P)=R(£(P), PESes
i=1

° @(52) is projected on the trace of the blade spline space on TE

"B, TE

Ao(n) = Z éiRi(ETe, M)
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ng " ~ ng eg )
n Y ofiP) =20 [ R@F s
ng,TE 8G(P Q)
T / Filre. ™50 Z [V (@GP Qs @)
P e SE\TE
271';(15,}?,('3]) ;‘ﬁ:;/SB)ER,(Q) an(Q) ds(Q)
fZAaﬁ, G (ere ) 25 as(@) - > / Voo -n(Q)G(P}, Q)dS(Q).

Pj € SB\TE, Jj=1,..,ng
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remainig bc’s to be satisfied
zero pressure-jump on the TE: Ap|7g =0
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remainig bc’s to be satisfied
@ zero pressure-jump on the TE: Ap|rg =0

@ zero pressure-jump on the wake: Ap|s, =0
°
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@ zero pressure-jump on the TE: Ap|tg =0
@ zero pressure-jump on the wake: Ap|5W =0

@ assuming that the wake surface is known and collocating Ap|7g =0 at ng 7¢
points on TE, we get a set of quadratic equations with respect to the
unknowns ¢ ={¢;,i =1,...,ng,A¢;, j=1,...,ng 1E}




the problem and its model a BEM setting the wake boundary the IGA setting the IGA-BEM method first numerical results future steps

University of

Strathclyde
ARCADES [EtEL]

@ zero pressure-jump on the TE: Ap|7g =0

@ zero pressure-jump on the wake: Ap|s, =0

@ assuming that the wake surface is known and collocating Ap|rg =0 at ng 7¢
points on TE, we get a set of quadratic equations with respect to the
unknowns ¢ ={¢;,i =1, ..., ng,&ﬁj, j=1,..,ng 1}

@ combining the above set with the linear system obtained by collocating the BIE,

we get a quadratic system S of ng + ng ¢ equations for the ng + ng 1¢
unknowns ¢
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@ zero pressure-jump on the TE: Ap|tg =0

@ zero pressure-jump on the wake: Apls, =0

@ assuming that the wake surface is known and collocating Ap|7g = 0 at ng 7¢
points on TE, we get a set of quadratic equations with respect to the
unknowns ¢ :{¢;, = ]., soog) ng,&ﬁj, _] = 1, soog) nB,TE}

@ combining the above set with the linear system obtained by collocating the BIE,

we get a quadratic system S of ng + ng ¢ equations for the ng + ng 1¢
unknowns ¢

o the system S(®) is solved with Newton-Raphson using as starting point the
solution of the collocated BIE resulting from applying the Kutta-Morino condition
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@ zero pressure-jump on the TE: Ap|tg =0

@ zero pressure-jump on the wake: Ap|5W =0

@ assuming that the wake surface is known and collocating Ap|rg =0 at ng 7¢
points on TE, we get a set of quadratic equations with respect to the
unknowns ¢ ={¢;,i =1,...,ng,A¢;, j =1,...,ng T}

@ combining the above set with the linear system obtained by collocating the BIE,
we get a quadratic system S of ng + ng ¢ equations for the ng + ng 7¢
unknowns ¢

o the system S(®) is solved with Newton-Raphson using as starting point the
solution of the collocated BIE resulting from applying the Kutta-Morino condition

@ an alternative simplified system can be solved iteratively by assuming piecewise

constant A¢ along “strips” of panels on the wake resulting to a mixed
IGA-PANEL method.
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o chord length: 1m
@ AR (span/chord): 3

NACA 0012 profile - angle of
attack: 6.67°

the wing and wake configuration
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Cp at Z=1.2m; MORINO fails at TE

—— MORINO
—— IGA-PANEL
IGA

—— MORINO
—— IGA-PANEL
IGA
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—— MORINO
—— IGA-PANEL
IGA

—— MORINO
0/6 —— IGA-PANEL
1GA
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Cp at Z=1.4m; IGA-PANEL starts failing at TE as well



Kutta condition for a NACA-based open-tip wing
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A’ % — MORINO 06 A.A 02 02 04 06 —— MORINO
-0.6 .4 0.2 0.2 0.4 06 —— IGA-PANEL N = IGA-PANEL
Cp I y oA Cp —1GA
X

x
Cp near the tip (Z=1.45m); both MORINO and IGA-PANEL fail

Cp at the tip (Z=1.5m)

¥ 3
*
WIGABEM
Cp T @ Gregory 1970
M‘ * Ladson 1088
06 0.2 0.2 0.4 06
X

Cp at mid-wing section of a long (AR=10) wing
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@ employ and test the previous approach for closed-tip (solid) wings
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© employ and test the previous approach for closed-tip (solid) wings
« a priori unknown wake surface Sy
]
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@ employ and test the previous approach for closed-tip (solid) wings
@ o a priori unknown wake surface Sy
o its control points DY = {d*"W, e =1, ..., nw} should be included in the unknowns
o
o
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@ employ and test the previous approach for closed-tip (solid) wings
@ . a priori unknown wake surface Sy,
o its control points DY = {d*"W, e =1, ..., nw} should be included in the unknowns
o new set of unknowns: ® U D"
o
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@ employ and test the previous approach for closed-tip (solid) wings

a priori unknown wake surface Sy

its control points DY = {d*", e =1, ..., n} should be included in the unknowns
new set of unknowns: ¢ U DY

to be determined by adding to the quadratic system S(®) the zero pressure-jump
condition on the wake: Apls,, (¢ U DYy =0

future steps
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@ employ and test the previous approach for closed-tip (solid) wings

@ o a priori unknown wake surface Sy
e its control points DY = {d®", e =1, ..., nw} should be included in the unknowns
o new set of unknowns: ¢ U DY
e to be determined by adding to the quadratic system S(®) the zero pressure-jump
condition on the wake: Apls,, (¢ U DY) =0

@ the European Unions Horizon 2020 research and innovation programme under the Marie
Skodowska-Curie ITN grant ARCADES (agreement no 675789) and

@ the Nazarbayev University Grant No. 090118FD5328: “Shape Optimization of Lift- and
Thrust-generating surfaces with the aid of IsoGeometric Analysis (SOLTIGA)"
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O employ and test the previous approach for closed-tip (solid) wings

@ o a priori unknown wake surface Sy,
o its control points DYY = {d*", e =1, ..., nw} should be included in the unknowns
o new set of unknowns: ® U DY
e to be determined by adding to the quadratic system S(®) the zero pressure-jump
condition on the wake: Ap|s,, (¢ U DW)=0

@ the European Unions Horizon 2020 research and innovation programme under the Marie
Skodowska-Curie ITN grant ARCADES (agreement no 675789) and

@ the Nazarbayev University Grant No. 090118FD5328: “Shape Optimization of Lift- and
Thrust-generating surfaces with the aid of IsoGeometric Analysis (SOLTIGA)"

THANK YOU!
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