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Abstract 

The complete physics of the complex flow field around a rotor is obtained by the application of high-fidelity 
methods and hence, this is the preferred approach to find the optimal design for aerodynamic and acoustic 
performance. In comparison, the approach based on indicial aerodynamics ranks as low-fidelity, but offers an 
efficient and robust method allowing an easy model setup with fast access to basic aeroelastic phenomena at 
an early design stage. To include both methods in the rotor assessment, an aerodynamic multi-fidelity ap-
proach around the same dynamic rotor model is the objective. Hereby, used numerical methods for the low-
fidelity approach comprise multibody dynamics together with an unsteady aerodynamic model based on Wag-
ner’s function and related enhancements for the general motion of an airfoil section considering heave and 
pitch motion as well as dynamic rotor inflow and wake periodicity. Since the aerodynamic model is state based, 
numerical solutions are available from time domain and linearization. The results from linearization allow the 
assessment of frequency placement and damping of the isolated rotor system. 

 

1. INTRODUCTION1 

The multibody system SIMPACK (Ref. 1) is used for 
the setup and simulation of the dynamic rotor model 
with its flexible blades. Flexibility of the non-rotating 
blade is described in the multibody system SIMPACK 
with a modal approach for available finite element 
models. For the assessment of the rotor in axial inflow 
condition, an unsteady theory using indicial aerody-
namics based on the extended Wagner function in 
combination with steady two-dimensional airfoil data 
is applied to the multibody model. This approach al-
lows an efficient and robust flutter assessment of DLR 
rotor setups in the design process and before entry 
into service comprising hover and steady axial flight 
(Ref. 2). According to Table 1, it provides the low-fi-
delity solution within the choice of three aerodynamic 
methods for the MBS rotor analysis which form a 
multi-fidelity aerodynamic approach around a high-fi-
delity dynamic model as common basis. Hence, the 
rotor simulation can be adjusted to the required accu-
racy with a factor of between 50 to 100 in 

                                                           
1 Copyright Statement 

The authors confirm that they, and/or their company 
or organization, hold copyright on all of the original 
material included in this paper. The authors also con-
firm that they have obtained permission, from the cop-
yright holder of any third-party material included in 
this paper, to publish it as part of their paper. The 

computational time from one fidelity level to the other. 
Since the approximated Wagner function and the ex-
tensions for axial flow are available in a state space 
model, the evaluation is possible in the time domain 
or by linearization. Here, linearized results are availa-
ble in terms of frequency and damping behavior al-
lowing for an initial frequency placement and stability 
check of the isolated rotor. 

Table 1: Multi-fidelity unsteady aerodynamics for 
coupled rotor simulations with MBS SIMPACK. 

 

According to Leishman (Ref. 3), unsteady aerody-
namic effects of a two-dimensional airfoil result in a 
lag in the build-up of lift in response to a change in 
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angle-of-attack. In the case of a rotor blade section, a 
lag in the build-up of thrust and inflow in response to 
a change in collective pitch is present. With respect 
to the consideration of relevant rotor wake effects, 
Leishman (Ref. 3, page 645) concludes: “Dynamic in-
flow represents another formulation of the problem, 
where the effects of the wake can be included in a 
form of differential equations to represent the relation-
ship between the time-dependent inflow velocities 
and rotor forces and pitching moments. This latter ap-
proach is attractive for some problems in rotor analy-
sis, particularly those in flight dynamics and aeroelas-
ticity.” As a consequence, the unsteady aerodynamic 
model considers circulatory contributions from blade 
airfoil, rotor inflow and wake periodicity to present a 
rotor blade section. Related indicial response func-
tions for these contributions are implemented as dy-
namic states in the force model and thus, lead to a 
tight coupling to the dynamic rotor model on equation 
level. 

2. INDICIAL AERODYNAMIC MODEL 

2.1. Model Setup 

Assumptions of the implemented aerodynamic model 
based on 2D thin airfoil theory comprise a bound vor-
tex at ¼ chord together with an evaluation of the 
downwash at ¾ chord due to basic kinematical con-
straints as well as the satisfaction of the Kutta flow 
condition at the trailing edge. The superposition of the 
overall aerodynamic loads is based on linear contri-
butions and has to consider all steady and unsteady 
components related to vorticity as well as apparent 
mass from general motion. They comprise steady val-
ues for lift L0 and moment M0, inflow-induced lift Lλ re-
lated to rotor thrust, motion-induced lift L1 related to 
Wagner’s function, motion-induced lift L2 and L3 re-
lated to apparent mass and last not least, the motion-
induced moment Ma related to apparent mass mo-
ment of inertia. A summary of the components to-
gether with their source and application along chord c 
is given in Table 2. 

The Pistolesi concept considering the measurement 
of downwash at 75% chord  holds for all steady and 
unsteady load components which are related to 
bound vorticity Γ at quarter chord. All load compo-
nents related to apparent mass are evaluated for 
other chord positions or w.r.t. the structural elastic 
axis. Relevant derivatives of pitch and heave motion 
need to be strictly measured at the elastic axis (Ref. 
4). The available relations are depicted in Figure 1 for 
the unsteady components. 

Table 2: Steady and unsteady aerodynamic load 
components related to vorticity and apparent mass. 

 

 

Figure 1: Unsteady aerodynamic load components      
and chordwise application. 

The unsteady aerodynamic model for rotor blade sec-
tions takes advantage of indicial response functions 
Φ(t) (Ref. 3) which capture the transient changes in 
aerodynamic variables within the Duhamel superpo-
sition integral. These functions model the unsteady 
aerodynamic response in time domain for variations 

Component Motion 
Variable Source Application Remarks 

L0 

Steady lift 
� vorticity 

bound 
vortex at    
¼ chord 

downwash 
measured at             

¾ chord 

M0 

Steady moment 
� vorticity 

moment 
reference at    

¼ chord 
- 

Lλ 

Inflow-induced lift 
(rotor thrust) 

��(�) vorticity 
bound 

vortex at    
¼ chord 

downwash 
measured at             

¾ chord 

L1 

Motion-induced lift 
(impulsive motion) 

��(�) vorticity 
bound 

vortex at    
¼ chord 

downwash 
measured at             

¾ chord 

L2 

Motion-induced lift 
(pitch+heave) 

�̈(�), ℎ̈(�) apparent 
mass 

centre of 
pressure at 

½ chord 

motion 
measured at 
elastic axis 

L3 

Motion-induced lift 
(pitch) 

�̇(�) apparent 
mass 

centre of 
pressure at 

¾ chord 

motion 
measured at 
elastic axis 

Ma 

Motion-induced 
moment (pitch) 

�̈(�) 

apparent 
mass 

moment of 
inertia 

moment 
reference at 
elastic axis 

motion 
measured at 
elastic axis 



in angle-of-attack and/or axial inflow. All indicial re-
sponse functions affect the circulatory part of un-
steady lift, are implemented in terms of a state space 
model in the SIMPACK force element and extended 
for rotors under axial flow condition. Related contribu-
tions include blade airfoil from the Wagner function 
(Ref. 5), axial dynamic inflow from a non-linear differ-
ential equation (Ref. 3) derived out of the results 
gained by Carpenter and Fridovich (Ref. 6), and wake 
periodicity as modelled in Loewy’s function (Ref. 7) by 
a complex factor. 

2.2. Unsteady Aerodynamics from Motion 

The model is based on Wagner’s function (Ref. 3) in 
combination with steady two-dimensional airfoil data 
and applied to the multibody model. This function 
considers a two-dimensional thin airfoil of chord 
length 2b in an impulsive motion from rest to uniform 
velocity U and is commonly used as a model for the 
circulatory lift development related to a change in an-
gle-of-attack with fixed wing problems. This motion is 
depicted in Figure 2 for distance  traveled in semi-
chords during time t. According to Y.C. Fung (Ref. 4), 
the description of motion induced unsteady lift is ex-
tended from an impulsive to general motion including 
both, pitch and heave motion by taking unsteady ap-
parent mass terms for non-circulatory effects into ac-
count.  

 

Figure 2: Impulsive motion of an airfoil. 

The lift due to circulation acting on the strip of unit 
span (Ref. 4) follows for an incompressible fluid of 
density  and the downwash w as 

(1) �� = 2�����F(�) 

where Φ() is the Wagner function describing the un-
steady lift development towards the steady-state 
value for increasing distance  traveled in semichords 
b. The fast aerodynamic model is based on radial in-
dependent strips and has been implemented using 
the approximation of R.T. Jones (Ref. 8-9) for Wag-
ner’s function Φ() with 

(2) F(�) = 1 − 0.165���.����∙� − 0.335���.���∙� 

where � = � ∙ � �⁄  
represents the non-dimensional reduced time. The 
approximation is shown in Figure 3 together with val-
ues from the state space formulation of Wagner’s 
function in the SIMPACK User Force Element 
(UFEL). 

 

Figure 3: Wagner’s function for an incompressible 
fluid. 

As mentioned before, the description of unsteady lift 
can be extended from an impulsive to a general mo-
tion which is illustrated in Figure 4. It includes both, 
pitch motion  around the elastic axis at ah·b and 
heave motion h. In this case one part of the lift arises 
from circulation, and the other part from non-circula-
tory apparent mass forces. 

 

Figure 4: General motion of a two-dimensional airfoil. 

To obtain the circulatory lift for the general motion, the 
measurement of downwash w in heave direction has 
to be changed from the ¼ chord point to the Pistolesi 
point at ¾ chord. Here, the quasi-steady downwash 
of a two-dimensional airfoil undergoing an arbitrary 
pitch and heave motion around quarter chord (Ref. 
10) is given by: 

(3) � = �� + �̇� + ℎ̇ 

The additional non-circulatory contributions to lift and 
moment from apparent mass ··b2 and apparent 



moment of inertia ··b2·(b2/8) must be added for the 
general motion: 

(4) �� = �����ℎ̈ − ����̈� 

(5) �� = ������̇ 

(6) �� = − ����

�
�̈ 

Hence, total unsteady lift L and moment M about the 
elastic axis at ah·b , both given per unit span follow as: 

(7) � = �� + �� + �� 

(8)       � = ��
�

+ ��� ��� + ����� − ��
�

− ��� ��� + �� 

The lift amplitude and phase obtained for the imple-
mented SIMPACK User Force Element from a har-
monic oscillation in angle-of-attack with angular ve-
locity ω are shown in Figure 5 versus the reduced fre-
quency k which is defined as: 

(9) � = �� �⁄  

 

 

Figure 5: Lift amplitude and phase for circulatory and 
non-circulatory terms in angle-of-attack oscillation. 

The contribution from the circulatory term L1 is com-
pared to values gained from Theodorsen’s function  
(Ref. 4). In general, the results agree very well for am-
plitude, but show deviations for phase angle at re-
duced frequencies around 0.5. Further, the contribu-
tions from non-circulatory terms L2 and L3 as well as 
the total lift L closely match the values found in litera-
ture (Ref. 3).   

2.3. Unsteady Aerodynamics from Axial Inflow 
and Wake Periodicity 

The circulatory part of unsteady lift for the blade airfoil 
from Wagner function can be extended for rotors un-
der axial flow condition. This requires the considera-
tion of axial dynamic inflow from a non-linear differen-
tial equation (Ref. 3) derived out of the results gained 
by Carpenter and Fridovich (Ref. 6), and wake perio-
dicity as modelled in Loewy’s function (Ref. 7) by a 
complex factor. The associated expressions for axial 
dynamic inflow and wake periodicity are listed as Eq. 
(10) and Eq. (11), respectively. They introduce the ro-
tor parameters of rotor angular velocity Ω, inflow λi, 
thrust coefficient CT, pitch angular velocity ω and 
blade number Nb.  

(10) ��.���
�

� ∙ �̇� + 2 ∙ ��
� = �� 

(11) ��∙��∙�/(��·�) = ��� ���∙�
��·�

� + � ∙ ��� ���∙�
��·�

� 

When the blade section starts spinning with angular 
velocity Ω, an additional downwash due to inflow 
arises and needs to be considered. In hover with axial 
inflow, the thrust induced downwash component vi of 
a rotor with radius R follows from momentum theory 
for uniform inflow λi as (Ref. 11): 

(12) �� = ��
W∙�

= ���
�

     with     �� = �
�∙�∙W�∙�� 

(13) �� = � �
�∙�∙�

   (global consideration) 

(14) ��,����� = � ��
�∙�∙��

   (local approximation) 

The above equations represent a steady inflow con-
dition and result in a constant induced velocity vi. In 
accordance with Figure 6, the induced velocity can be 
either derived under a global consideration for rotor 
disc area A and thrust T or in terms of a local ap-
proach taking the annular segment with area dA and 
thrust increment dT for the radial station r into ac-
count. According thrust coefficients CT are obtained in 
the same manner. Thrust and induced velocities are 
defined normal to the rotor disc.  



 

Figure 6: Inflow induced downwash of a rotor blade in 
axial flight. 

Once the steady or dynamic inflow is known with λi or 
λi(t), the inflow induced velocity vi is available from 
Eq. (13) or Eq. (14) and can be considered as a fur-
ther contribution of downwash. The resulting down-
wash in hovering flight is found as:  

(15) � = �� + �̇� + ℎ̇ − �� 

In the following, dynamic inflow will be modeled with 
the non-linear first-order ODE from Eq. (10). The so-
lution is a constant inflow for rotor disc area A which 
depends on thrust coefficient CT. For the annular seg-
ment found at radial station r (see Figure 6) a local 
thrust coefficient may be derived with segment area 
dA and inserted in this equation. The obtained inflow 
value λi(t) for the rotor disc is then also valid for the 
local rotor segment. The analytic solution of this 
equation is found from integral tables for rational func-
tions (Ref. 12) by applying the technique of separated 
variables, subsequent integration and derivation of 
the integration constant from the initial inflow condi-
tion. This approach leads to the following formulations 
which need to be solved: 

(16) ���
��

= ���∙�
�.���

� − � �∙�
�.���

� ∙ ��
� = � + � ∙ ��

� 

(17) ∫ ���
���∙��

�
��(�)

��(�) = ∫ ���
� + �����. 

where � = − �∙�
�.���

     and     � = ��∙�
�.���

 

The integration result assumes positive thrust and in-
cludes a logarithmic function which is further devel-
oped into a kernel expression λi(t)=f(CT, Φλ) for dy-
namic inflow that contains the exponential function 
Φλ(t) instead: 

(18) ��(�) = ���(�)∙��(�)∙���F�(�)����(�)∙F�(�)

��∙��(�)∙���F�(�)����∙��(�)∙F�(�)
 

The inflow function Φλ(t) relates the temporal devel-
opment for the axial inflow to variations in rotor thrust 
coefficient CT and angular velocity Ω in dependence 
on non-dimensional reduced time τλ:  

(19) F�(��) = 1 − ���.����∙��  with  �� = ��� ∙ � ∙ � 

(20) �� = √2 ∙ �� ∙ � ∙ � = √2 ∙ ��∙�
�

 

This function is a measure for the inflow change re-
lated to a pitch input and introduces a transition effect 
into the kernel expression λi(t) with a similar curve 
shape as depicted in Figure 3 for Wagner’s function, 
but ranging from zero to one. Since the mathematical 
setup of the axial inflow function resembles Eq. (2), it 
can be iteratively solved together with the approxi-
mated Wagner function to adapt the motion induced 
lift from Wagner in terms of the thrust input for the in-
flow induced lift from the axial inflow function. Here, it 
can be clearly seen from Eq. (19) that no inflow is pro-
duced for zero thrust or zero rotation, whilst Eq. (20) 
highlights that inflow dynamics depends on induced 
velocity vi and thus, acts perpendicular to the rotor 
disc and is detached from reduced time τ used with 
Wagner function from Eq. (2). This fact allows the 
evaluation of the inflow induced together with the mo-
tion induced unsteady aerodynamic terms in axial 
flight. Function Φλ(τλ) (see Figure 7) is related to rotor 
thrust which can be assumed to be equally distributed 
over a number of rotor blades in axial flight. Hence, 
the correlation of dynamic inflow to the blade number 
Nb is reflected by the model: 

(21) �� = ��� ∙ ��,����� ∙ � ∙ � 

 
Figure 7: Axial inflow function for an incompressible 
fluid. 

A comparison of the current model comprising Wag-
ner function for motion and axial inflow function for in-
flow induced unsteady lift with the analytic Loewy 
function (Ref. 7) from frequency domain reveals the 
missing contribution of wake periodicity. Equivalent 



contributions for blade airfoil and axial inflow are 
found by expressions which are related to reduced 
frequency k and rotor vortex sheet setup m in the fre-
quency domain model. For completeness, the miss-
ing contribution for wake periodicity as modelled in 
Loewy’s function by the complex factor from Eq. (11) 
is included into the two-dimensional unsteady aero-
dynamic model for the rotor blade section. 

The connection from time to frequency domain and 
state space is described by the Fourier and Laplace 
transformation, respectively. Both transformations 
own the same mathematical mapping rules, but differ 
in their variables which is imaginary in frequency do-
main and complex in state space. According to Figure 
8, the combination of the periodicity term introducing 
harmonics w.r.t. the frequency ratio ω/(Nb·Ω) with the 
axial inflow function Φλ(τλ) is performed in state space 
by a multiplication leading to an expression Φλ(τλ, ω). 

 

Figure 8: Implementation of wake periodicity term. 

2.4. State Space Model 

The analytical description for unsteady aerodynamic 
contributions of the two-dimensional rotor blade sec-
tion is available in terms of a state space model. As 
depicted in Figure 9, all contributions of a radial strip 
can be configured in the model setup of the MBS SIM-
PACK User Force Element (UFEL). 

 

Figure 9: Setup of unsteady contributions for rotor 
blade section in MBS SIMPACK. 

The unsteady circulatory contributions of both indicial 
response functions Φ(τ) and Φλ(τλ) are accounted for 

by three dynamic states per blade strip. They are im-
plemented in ABCD matrices of the state space sys-
tem where the values of the rotor contribution are time 
dependent, since they change with rotor thrust:  

 

The distribution of the circulatory contributions from 
blade airfoil, rotor inflow and wake periodicity within 
the matrices of the state space model is sketched in 
Figure 10 and follows as: 

 Wagner Function, approximated (ABCD) 
 Carpenter & Fridovich, non-linear ODE (ABC) 
 Loewy-function, complex factor (C) 

 

Figure 10: Distribution of circulatory contributions 
from blade airfoil (light grey), rotor inflow (grey) and 
wake periodicity (dark grey) in state space matrices. 

In the force element, a Newton fix point iteration is 
applied until the downwash of the airfoil equals axial 
inflow to obtain the effective angle-of-attack. Finally, 
the imaginary part of Loewy’s periodicity term in Eq. 
(11) is not used in the model because there is no fur-
ther imaginary part in the overall equation system. 

3. NUMERICAL RESULTS 

3.1. Pitch Step in Time Domain 

The influence of added rotor inflow on the develop-
ment of unsteady lift is obtained by applying pitch step 
excitations in the SIMPACK force element and evalu-
ating the temporal development for the angle-of-at-
tack which is a measure for lift and can be compared 
to the pitch input. Here, the indicial response for the 
Wagner function and axial dynamic inflow interacts at 
each radial station r depending on two separate 
scales for reduced time, namely  and λ. The contri-
bution of Wagner’s function with  (rotor in-plane dy-
namics related to U = Ω·r) reaches the steady state in 
physical time earlier than the one of axial inflow with 
λ (rotor out-of-plane dynamics related to CT = 2·λi). 



As illustrated in Figure 11 for a two-bladed rotor, dy-
namic axial inflow reduces the effective angle-of-at-
tack for the rotor section, whilst a wing section without 
inflow follows the basic Wagner function and reaches 
the commanded pitch angle. Hence, the onset of rotor 
inflow decreases the angle-of-attack towards a 
steady value which represents the so-called lift defi-
ciency of a rotor under axial inflow.  

 

Figure 11: Temporal development of angle-of-attack 
(AoA) for pitch step input due to axial inflow dynam-
ics. 

A comparison for blade number variation with steady 
values for lift deficiency calculated with the analytical 
Miller function (Ref. 13) is presented in Table 3 and 
shows an excellent agreement. The Miller function C 
holds the following definition: 

(22) � = �
�����∙� �∙��∙��,�⁄ �

 

Table 3: Lift deficiency from Miller function and SIM-
PACK UFEL for blade number variation. 

Blade   
Number Nb 

Mean Thrust 
Coefficient CT,0 

Lift Deficiency 
(Miller)  

Lift Deficiency 
(Wagner++)  

1 0.003255 0.617 0.618 

2 0.005248 0.506 0.506 

3 0.006967 0.440 0.441 

4 0.008263 0.391 0.392 

 

3.2. Pitch Oscillation in Time Domain 

To complete the extension of Wagner’s function to ax-
ial rotor flow, the periodicity term from Loewy’s func-
tion according to Eq. (11) is implemented in the state 
space model. The model was carefully tested for har-
monic pitch oscillation to gain aerodynamic transfer 
functions for comparison of the basic Wagner function 
with the extended models. Figure 12 shows the lift 

amplitudes and phase angles versus rotor harmonics 
for the radial section r of a four-bladed rotor (Ω = 
62.83 rad/s, r = 1.0 m, b = 0.05 m, CT,0 = 0.008263) 
oscillating around mid chord. The influence of inflow 
and periodicity related to 4/rev can be seen in both, 
lift amplitude and phase angle. As predicted by 
Loewy, reduced damping is found due to a smaller 
amplitude (Ref. 14-15) and a less negative angle for 
multiples of the blade passing frequency, i.e. 4/rev 
and 8/rev. For the used parameters, 1/rev equals a 
reduced frequency of k = 0.05 which is defined as: 

(23) � = � ∙ � �⁄  with � = � ∙ � 

 

 

Figure 12: Unsteady lift amplitudes and phase angles 
of a four-bladed rotor obtained with Wagner function 
and extensions for rotor inflow (+) and wake periodic-
ity (++). 

 



3.3. Flutter Assessment with Linearization 

Standard features in MBS SIMPACK allow the aero-
elastic assessment in a tightly-coupled manner on 
equation level of the rotor blades (Ref. 16-17) for axial 
inflow condition in time domain and by using linear-
ized results. In the latter approach which is based on 
linearization, consecutive analysis of the eigenbehav-
iour and stability rating from damping values can be 
followed here, since the system matrices for the sym-
metric rotor with axial inflow remain time invariant and 
the unsteady aerodynamic forces are considered in 
the dynamic state set. The analysis is performed with 
the intrinsic eigensolver and delivers typical flutter re-
sults in terms of frequency and damping plots. In gen-
eral, these results allow the verification of frequency 
placement and stability for the aeroelastic rotor sys-
tem. 

Since the aerodynamic model is based on indicial re-
sponse functions, a separation of these contributions 
is possible and allows for the study of their impact on 
rotor blade flutter. According flutter results for the 
straight 7AD (Ref. 16) and double-swept ERATO 
(Ref. 17) rotor blades were extracted in terms of fre-
quency and damping behaviour for three test cases 
which differ in the unsteady aerodynamic model for 
circulation comprising blade airfoil, rotor inflow and 
wake periodicity.  

 

Case 1 / Wagner 2 / Wagner+ 3 / Wagner++ 

Blade airfoil x x x 

Rotor inflow  x x 

Wake periodicity   x 

Flutter onset 151 % 158 % 158 % 
 

Figure 13: 7AD flutter onset for unsteady aerody-
namic models. 

As known for articulated rotor blades, also the 7AD 
blade from Figure 13 exhibits a classical bending-tor-
sion coupling. Here, the lowest flutter onset is found 
for unsteady aerodynamics limited to blade airfoil, 

whilst the cases with added rotor inflow and wake pe-
riodicity show both the same flutter onset at a 5 % 
larger rotor speed. In addition to the classical bend-
ing-torsion coupling which is well known for articu-
lated straight rotor blades, the double-swept ERATO 
blade from Figure 14 shows a critical flutter coupling 
close to nominal rotor speed of 100 % which is com-
posed of two elastic flap bending modes. Due to the 
forward and backward sweep of the blade layout, 
these elastic flap modes introduce further torsional 
blade motion into the aeroelastic coupling and form a 
blue edge type of flutter coupling that becomes more 
critical with added rotor inflow and wake periodicity. 

 

Case 1 / Wagner 2 / Wagner+ 3 / Wagner++ 

Blade airfoil x x x 

Rotor inflow  x x 

Wake periodicity   x 

Flutter F2-F3 
Flutter F5-T1 

110 % 
128 % 

107 % 
140 % 

107 % 
140 % 

 

Figure 14: ERATO flutter onset for unsteady aerody-
namic models. 

4. CONCLUSIONS AND OUTLOOK 

The approach based on indicial aerodynamics ranks 
as low-fidelity, but offers an efficient and robust 
method allowing an easy model setup with fast ac-
cess to basic aeroelastic phenomena at an early de-
sign stage. To include methods of different fidelity in 
the rotor assessment, an aerodynamic multi-fidelity 
approach around the same dynamic rotor model in 
MBS SIMPACK is the objective.  

The two-dimensional model includes unsteady aero-
dynamic parts for blade airfoil, axial dynamic inflow 
and wake periodicity. They are modelled with indicial 
response functions and implemented in a state space 
model within the SIMPACK force element. Since the 
aerodynamic model is state based, numerical solu-
tions are available from time domain and lineariza-
tion. Related numerical results comprise unsteady 



aerodynamics for pitch step and oscillation as well as 
the rotor frequencies and damping for the frequency 
placement and flutter assessment of isolated rotors. 

As part of the future work, the aeroelastic flutter pre-
diction based on indicial aerodynamics and lineariza-
tion will be included in a multi-disciplinary optimization 
process for rotor blade design. 
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