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Functionality of the VSP

Source: Voith AG, Heidenheim

Functionality
I different angles of attack during

one rotation

I driving power is resulting force
I enables resulting force in each

direction

Efficiency of the VSP

~F =
R

p~νdS ~F = (Fx ,M)T

Fm = nf
2π

R 2π
0 Fx dΘ (thrust)

Mm = nf
2π

R 2π
0 M dΘ (driving torque)

J = U∞
nD , U∞ flow rate, D diameter, n # revolutions

kt dimensionless value of Fm

kq dimensionless value of Mm

η :=
kt

kq

J
2π

(1)
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Optimization Aim

Optimization Targets
I optimize blade angle curve (Sebastian Singer)

I optimize blade profile(Robert Deininger)

I optimize VSP & boat together (Michael Hopfensitz, Juan Matutat )

Optimization Approaches
I derivative free methods
I derivative based methods, compute derivatives with AD

Model Problem
I single blade
I variable angle of attack
I instead of η consider forces in y -direction
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Geometry & Optimization Problem
(non slip)
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Configuration
I solver: caffa1

I angle of attack: α
I surface forces: f (α) =

“
f[x ](α), f[y ](α)

”T

Optimization Problem

I max
α∈(0,αmax )

{f[y ](α)}

I from experiments is known that f[y ](α) ∀ α ∈ (0, αmax ) is concave

I arg


max
α∈(0,αmax )

{f[y ](α)}
ff
⇔ arg

˘
f ′[y ](α) = 0

¯
I Newton-Fixpoint-Iteration: Φf[y ]

(αk ) = αk−1 −
f ′[y ](αk−1)

f ′′
[y ]

(αk−1)

1Computer Aided Fluid Flow Analysis from Ferziger & Peric
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Regularization Effect
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Newton-Iterations
It. AOA: α f ′[y ](α)

0. -0.03000000 -0.01327457810
1. -0.13000000 -0.01114433244
2. -0.23000000 -0.00603337754
3. -0.33000000 +0.00048255801
4. -0.32140508 -0.00000113055
5. -0.32142512 +0.00000008440
6. -0.32142362 +0.00000007550
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Geometry & Simulation Parameters

Boundary-Conditions
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Simulation Parameters
I solver: Comet2

I no moving grid - grid moving realized with scipt language
I Idea: variable inflow direction

2is a commercial software from CD-adapco
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Regularization Effect
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I justify the application of AD 3D flow simulations
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