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New inflow models have been introduced in the literature for multirotor systems with the goal to include inter-

action effects between the rotor. While these models have been validated for some rotor configurations, a 

validation for intermeshing rotor configurations has yet to be presented. This paper gives an overview over 

some of the existing inflow models applicable to intermeshing rotors. Flight test data is used to compare the 

hover trim state calculated using different inflow models: The Pitt-Peters model, the Combined Momentum 

Theory Simple Vortex Theory (CMTSVT) model and a simple inflow coupling introduced in a paper from Padthe 

et al. The comparison of flight test and simulation prediction shows that for intermeshing rotors, interaction 

effects must be included in the inflow model to obtain accurate rotor power and collective angle.

1. NOTATION1 

Symbols  

𝐴  rotor disc area, m² 

𝐶𝑇  aerodynamic thrust coefficient, nD 

𝐶𝑀, 𝐶𝐿  

  

aerodynamic pitch and roll moment 

coefficients, nD 

𝐶𝑃  rotor power coefficient, nD 

𝑭  rotor load vector, nD 

𝑘  interaction coefficient, nD 

𝑳  inflow static gain matrix, nD 

𝑴  apparent mass matrix, nD 

𝑃  rotor power, W 

𝑅  rotor radius, m 

𝑹𝜸  load relation matrix, nD 

𝑟  radial blade coordinate, nD 

𝑉  forward flight velocity, 
𝑚

𝑠
; 

mass flow parameter, nD 
𝑉𝑇  total flow through rotor disc, nD 

  

α* 
𝜆  
𝜆0  

𝜆𝑐  

𝜆𝑠  
𝜌  

𝜒  

𝜓  

wake skew angle proxy, rad 
inflow velocity, nD 
uniform inflow component, nD 
longitudinal inflow component, nD 
lateral inflow component, nD 
air density, kg/m³ 
wake skew angle, rad 
azimuth angle, rad 

Ω main rotor speed of rotation, rad/s 

  

                                                           
1 † Currently works at Joby Aviation. 
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2. INTRODUCTION 

The modeling of rotor-rotor interactions has gained in-

creasing prominence in rotorcraft simulation, particu-

larly with the recent advancements in both computa-

tionally demanding grid-based methods and reduced-

order wake-based models. These models depict the 

induced flow through the rotor disc, hence they are 

designated as inflow models. 

For real-time flight simulations, high fidelity models 

based on Computational Fluid Dynamics (CFD) or 

Vortex Particle Methods (VPM) are often not feasible. 

Wake models based on potential flow theory can pro-

vide the desired balance of simulation fidelity and pro-

cessor run time. Most recent literature uses combina-

tions of momentum theory and a vortex model [1] [2] 

[3] One of those models is the Combined Momentum 

Theory Simple Vortex Theory (CMTSVT) model de-

veloped by Guner in [1]. The model has however yet 

to be validated for Flettner configurations, i.e. a rotor 

configuration of intermeshing rotors. 

The DLR Institute of Flight Systems operates a 

SwissDrones 50 rotorcraft, called superARTIS, for 

flight guidance research, as well as investigating the 

specific flight mechanics of intermeshing rotors (Fig-

ure 1). To support ongoing research activities, the ro-

torcraft is modified with an experimental 

this paper, to publish it as part of their paper. The au-
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tained permission from the copyright holder of this pa-

per, for the publication and distribution of this paper 

as part of the ERF proceedings or as individual off-

prints from the proceedings and for inclusion in a 
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measurement system capable of recording both the 

flight mechanical state variables and in-flight rotor 

mechanical variables. 

Further, the institute has developed the Versatile Aer-

omechanical Simulation Tool (VAST), a utility de-

signed for simulating rotorcraft flight mechanics. Its 

design provides a flexible interface for integrating rel-

evant physical models, simplifying the incorporation 

of new inflow models. 

This paper seeks to validate the effect of inflow mod-

els on intermeshing rotor power calculations. A sim-

ple empirical model is also presented as a reference, 

illustrating how a simple correction can significantly 

improve performance calculations. 

This paper is structured as follows: After introducing 

the theoretical foundations of the discussed inflow 

models, the superARTIS rotorcraft is presented. A 

simulation study is performed, with the aim of deter-

mining performance characteristics at hover. Finally, 

the effects of the inflow models on performance cal-

culation are examined. 

3. Inflow Models 

The literature provides a wide variance of inflow mod-

els for helicopters. In the following, a short overview 

is provided. We then focus on a selection of those 

contributions, which are relevant for real-time flight 

simulation. 

By the time Hermann Glauert published his funda-

mental works on rotorcraft flight mechanics, he al-

ready emphasized on the importance of the rotor in-

flow [4] [5]. He first postulated a uniform inflow which 

was later extended by a longitudinal component for 

forward flight.  

The advantage of hingeless rotors lead to the devel-

opment of a new inflow model by Peters and 

Ormiston: Because their relatively large hub mo-

ments, the inflow has to be modelled using a mean, 

longitudinal and lateral component [6] [7]. This model 

is based on momentum theory and only valid for 

steady states. Pitt and Peters later developed a dy-

namic model that is based on potential theory [8]. This 

model in its formulation from 1988 is typically called 

the “Pitt-Peters Model”. 

Another line of models is based on describing the ro-

tor wake, how it develops over time and which veloc-

ity field it induces on the rotor disc. Prescribed wake 

models often have a simpler model structure, which 

makes them faster to calculate but less accurate. 

Free vortex wake models have a much more complex 

model structure, which makes them computationally 

expensive, but well suited for computing dynamic ma-

neuvers within geometrically complex environment 

with relatively high accuracy [9] [10]. 

3.1. Pitt and Peters 

The inflow model from Pitt and Peters is a state-space 

model with a state vector of the form 

(1) 𝝀 = (𝜆0, 𝜆𝑠, 𝜆𝑐)
𝑇 . 

This is a form of varying the inflow over blade azimuth 

𝜓 and radius 𝑟: 

(2) 𝜆(𝑟, 𝜓) = 𝜆0 +
𝑟

𝑅
𝜆𝑠 sin 𝜓 +

𝑟

𝑅
𝜆𝑐 cos𝜓 

Equation (2) only includes inflow harmonics of the first 

order, so it can be seen as a filter for higher harmon-

ics, since those are neglected. 

The governing equation 

(3) (𝑳𝑽−1)−1𝝀 + 𝑴𝝀
∗

 = 𝑭 

uses   the    normalized   derivation    of    the    inflow 

state 𝝀
∗

= 𝜕𝝀
𝜕𝜓⁄ = 𝝀̇

ΩR⁄ . 

In equation (3), 𝑭 denotes the load vector.  

(4) 𝑭 = (𝐶𝑇 , −𝐶𝐿 , −𝐶𝑀 )𝑇 . 

The aerodynamic loads are normalized as 𝐶𝑇 =
𝑇

𝜌𝐴(Ω𝑅)2
, 𝐶𝐿 =

𝑀𝐿

𝜌𝐴𝑅(Ω𝑅)2
  and 𝐶𝑀 =

𝑀𝑀

𝜌𝐴𝑅(Ω𝑅)2
. 

𝑴 is also known as the apparent mass matrix of the 

Pitt-Peters equation and given as 

 (5) 𝑴 =
1

𝜋

[
 
 
 
 
128

75⁄ 0 0

0 16
45⁄ 0

0 0 16
45⁄ ]

 
 
 
 

 

The 𝑳-matrix relates the given steady-state load vec-

tor 𝑭 to an inflow vector 𝝀, see eq.3. 

 
 

(6)  

 

 

The induced inflow is not only dependent on the rotor 

load but also on the freestream velocity. The 

freestream is factored via the matrix 𝑽. 



 

 

(7) 𝑽 = [
𝑉𝑇 0 0

0 𝑉 0

0 0 𝑉

], 

Where 𝑉 is calculated with the following three equa-

tions 

(8) 𝛼∗ = tan−1 |𝜆+𝜆𝑓|

𝜇𝑟
, 

(9) 𝑉𝑇 = √𝜇𝑟
2 + (𝜆 + 𝜆𝑓)

2 

and  

(10) 𝑉 =
𝜇2+(2𝜆0−𝜇3)(𝜆0−𝜇3)

𝑉𝑇
. 

Since 𝑉 depends on the induced velocity itself, the 

equation can only be solved iteratively. 

Note that while the inversion of 𝑽 is trivial, the inver-

sion of 𝑳𝑽−1 needs to be carried out for example by 

levering the LU-method. 

Nondimensional induced velocity at blade elements is 

then calculated by 

(11) 𝜆(𝑟, 𝜓) = 𝜆0 + 𝜆𝑠
𝑟

𝑅
sin𝜓  + 𝜆𝑐

𝑟

𝑅
cos𝜓. 

 

3.2. Padthe et al. inflow model 

Padthe et al. used the following approach to correct 

the inflow model for a coaxial rotor [11]. For simplicity, 

we call this simple model correction technique the 

model by Padthe et al. It can also be seen as a reduc-

tion of CMTSVT to uniform inflow coupling. 

Given a double-rotor configuration, we denote the in-

flow of the rotors 𝝀𝑖 = 𝝀𝑖𝑖 + 𝝀𝑖𝑗 with 𝝀𝑖 with 𝑖 ∈ {1,2}. 

Each rotor is assigned a self-induced inflow 𝜆𝑖𝑖 and a 

part that is induced by the second rotor 𝜆𝑖𝑗. The inter-

ference part is calculated by 

(12) 𝝀𝑖𝑗 = 𝑲𝑖𝑗 ⋅ 𝝀𝑗𝑗 . 

Padthe et al. chose to only considered the mean in-

flow in their interference model, leading to 

(13) 𝑲𝑖𝑗 = [
𝑘00

𝑖𝑗
0 0

0 0 0

0 0 0

]. 

The effect of interfering inflow on flight performance 

is generally reduced at higher velocities as the wake 

vortices are transported off the rotor disc more 

quickly. This is considered by phasing out 𝐾00
𝑖𝑗

 over 

increasing airspeed 𝑉: 

(14) 𝑘00
𝑖𝑗

= {

𝑘𝑖𝑗

𝑘𝑖𝑗 ⋅
𝑉cutoff+𝑉reduce−𝑉

𝑉cutoff

0

 for 

𝑉 ≤ 𝑉reduce

𝑉reduce < 𝑉 < 𝑉cutoff

𝑉cutoff < 𝑉
 

𝑘00
𝑖𝑗

 is plotted as a function of airspeed in Figure 1. 

 

Figure 1: Interference inflow is phased out over in-
creasing airspeed. 

Therefore, the induced velocity at blade elements be-

comes 

(15) 𝜆𝑖(𝑟, 𝜓) = (𝜆0
𝑖𝑖 + 𝜆𝑜

𝑖𝑗
) + 𝜆𝑠

𝑖𝑖 𝑟

𝑅
sin𝜓  + 

𝜆𝑐
𝑖𝑖

𝑟

𝑅
cos𝜓.  

This inflow velocity is normalized by the term 𝛺𝑅. 

3.3. Combined Momentum Theory and Simple 

Vortex Theory Inflow Model 

The Combined Momentum Theory and Simple Vortex 

Theory (CMTSVT) model has been developed by 

Guner in [1]. Validation studies have been performed 

in [1] [2] [12]. The model is given in its state-space 

form for dual rotors. 

We describe the inflow as sum of self-induced inflow 

𝝀𝑖𝑖 (calculated by Pitt Peters model) and interference 

inflow 𝝀𝑖𝑗. Other than the model by Padthe et al., 

CMTSVT describes interference inflow in the three 

Pitt-Peters states so that induced inflow at the blade 

elements becomes 

(16) 𝑣𝑖(𝑟, 𝜓) = (𝜆0
𝑖𝑖 + 𝜆𝑜

𝑖𝑗
) + 

(𝜆𝑠
𝑖𝑖 + 𝜆𝑠

𝑖𝑗
)

𝑟

𝑅
sin𝜓  + (𝜆𝑐

𝑖𝑖 + 𝜆𝑐
𝑖𝑗
)

𝑟

𝑅
cos𝜓. 



The self-induced inflow 𝜆0
𝑖𝑖 is altered by the interfer-

ence inflow because its calculation depends on the 

total flow passing the rotor disc: 

(17) 𝜆0
𝑖𝑖 =

𝐶𝑇
𝑖

2𝑉𝑇
𝑖 , 

where 

(18) 𝑉𝑇
𝑖 = √(𝜇𝑖)2 + (𝜆𝑓 + 𝜆0

𝑖 )
2
, 

(19) 𝜆0
𝑖 = 𝜆0

𝑖𝑖 + 𝜆0
𝑖𝑗

. 

This leads to an iterative loop in which self-induced 

inflow of both rotors are calculated until they con-

verge. 

The interference inflow 𝝀𝒊𝒋 is calculated by 

(20) 𝝀𝒊𝒋 = 𝑳𝒊𝒋𝝀𝒋𝒋. 

Where 𝑳𝒊𝒋 is defined as 

(21) 𝑳𝒊𝒋 = 𝑮𝒊𝒋𝑹𝜸
𝒊𝒋
𝑳𝒋𝒋. 

The load relation matrix 𝑹𝜸
𝒊𝒋

 is needed to convert the 

interference calculation, which is based on vortex 

strengths, into the load-based system of the differen-

tial inflow equation. Result of the vortex model of 

CMTSVT is represented by 𝑮𝒊𝒋. 

(22) 𝑹𝜸
𝒊𝒋

=
1

𝑉𝑇
𝑖 (

1 0 0
0 3 0
0 0 3

) 

(23) 𝑮𝒊𝒋 = (

𝑔00
𝑖𝑗

 𝑔01𝑐
𝑖𝑗

𝑔01𝑠
𝑖𝑗

𝑔1𝑐0
𝑖𝑗

𝑔1𝑐1𝑐
𝑖𝑗

𝑔1𝑐1𝑠
𝑖𝑗

𝑔1𝑠0
𝑖𝑗

𝑔1𝑠1𝑐
𝑖𝑗

𝑔1𝑠1𝑠
𝑖𝑗

) 

Calculation of the elements of 𝑮-matrix is based on 

the skew angle 𝜒 and the rotor coordinates (𝑥, 𝑦, 𝑧). 

Since the elements are calculated using a double in-

tegral, it can be tabulated for different wake skew an-

gles. 

(24) 𝑅𝑐
𝑖𝑗

=

√1 + (𝑥𝑖𝑗)2 + (𝑦𝑖𝑗)2 + (𝑧𝑖𝑗)2 − 2(𝑥𝑖𝑗 cos𝜓 + 𝑦𝑖𝑗 sin𝜓) 

(25) 𝐾𝑖𝑗 =
1−(𝑥𝑖𝑗 cos 𝜓+𝑦𝑖𝑗 sin 𝜓)+𝑅𝐶

𝑖𝑗
sin 𝜓 cos 𝜓

[𝑅𝑐
𝑖𝑗

+(cos𝜓−𝑥𝑖𝑗) sin 𝜒+𝑧𝑖𝑗 cos𝜒]𝑅𝑐
𝑖𝑗  

(26) 𝑔00
𝑖𝑗

= −
1

4𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗𝑑𝜓
2𝜋

0
] 𝑟̅𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(27) 𝑔01𝑐
𝑖𝑗

= −
1

4𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗 cos𝜓 𝑑𝜓
2𝜋

0
] 𝑟̅𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(28) 𝑔01𝑠
𝑖𝑗

= −
1

4𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗 sin𝜓 𝑑𝜓
2𝜋

0
] 𝑟̅𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(29) 𝑔1𝑐0
𝑖𝑗

= −
1

𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗𝑑𝜓
2𝜋

0
] 𝑟̅2 cos 𝜓̅ 𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(30) 𝑔1𝑐1𝑐
𝑖𝑗

= −
1

𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗 cos𝜓 𝑑𝜓
2𝜋

0
] 𝑟̅2𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(31) 𝑔1𝑐1𝑠
𝑖𝑗

=

−
1

𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗 sin 𝜓 𝑑𝜓
2𝜋

0
] 𝑟̅2 cos 𝜓̅ 𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(32) 𝑔1𝑠0
𝑖𝑗

= −
1

𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗𝑑𝜓
2𝜋

0
] 𝑟̅2 sin 𝜓̅ 𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(33) 𝑔1𝑠1𝑐
𝑖𝑗

=

−
1

𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗 cos𝜓 𝑑𝜓
2𝜋

0
] 𝑟̅2 sin 𝜓̅ 𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

(34) 𝑔1𝑠1𝑠
𝑖𝑗

=

−
1

𝜋2 ∫ ∫ [∫ 𝐾𝑖𝑗 sin 𝜓 𝑑𝜓
2𝜋

0
] 𝑟̅2 sin 𝜓̅ 𝑑𝑟̅𝑑𝜓̅

1

0

2𝜋

0
 

 

𝑳𝒋𝒋 differs from the L-Matrix of the Pitt-Peters model 

and is given as: 

(35) 𝑳𝒋𝒋 =

(

  
 

0.5

𝑉𝑇
𝑗 0 0

0
4

𝑉𝑖(1+cos𝜒𝑗)
0

15

64𝑉𝑇
𝑗 tan

𝜒

2
0

4 cos𝜒

𝑉𝑖(1+cos𝜒𝑗))

  
 

 

 

4. Experimental Setup 

To validate CMTSVT model, flight experiments have 

been performed. These featured the unmanned heli-

copter “Dragon 50” (SwissDrones, see Figure 2). 

 

Figure 2: Helicopter side and top views and isometric 
view [13]. 



The Dragon 50 is equipped with an intermeshing rotor 

consisting of two hingeless two-blade rotors. Table 1 

states key technical data as found in [13]. 

Table 1: Technical key figures of Dragon 50. 

Characteristic Dragon 

50 

Unit 

Engine Jakadofsky Pro-X 

Engine Power 10.6 kW 

Width 565 mm 

Length 2267 mm 

Height 970 mm 

Rotor Diameter 2886 mm 

Number of Blades 4  

Rotor RPM 950 1/min 

Rotor Cant Angle 10.5 ° 

Max Useful Load 50 kg 

Max Take-Off Weight 

(MTOW) 

86 kg 

Vmax (at cruise)a 15 m/s 

a maximum autopilot speed allowed by manufacturer 

To perform flight mechanical studies, the helicopter 

has been equipped with a measurement system 

based on a National Instruments cRIO device [13].  

In this study, the measurements of interest are rotor 

shaft torque and hub moments. These are measured 

using a rotor telemetry that has been developed by 

the institute. The rotor telemetry serves a sample rate 

of 12.5 Hz. 

 

Figure 3: Instrumentation of the starboard rotor [13]. 

Figure 3 shows the rotor head with the aforemen-

tioned rotor telemetry. Part 1 resembles instrument 

transducers and a 2.4 GHz transceiver that trans-

mits the measured excitations of strain gauges at 

the rotor shaft (Part 3) as well as control forces in 

the rotating system (Part 2) to the cRIO device. Not 

depicted in Figure 3 are strain gauges at the blade 

root which are used for measuring the flapping mo-

ment. The system is also capable of measuring pitch 

link forces. These are produced by the actuator (part 

5) through steering rods (part 4) on the swashplate. 

In the rotating system, the steering forces are ap-

plied to the pitch link via force gauges (part 1). 

5. Flight Tests 

A trim curve for hover at different thrust settings has 

been gained by varying the fuel mass. By measuring 

rotor mast torsional strain on both rotors, we can cal-

culate rotor power 𝐶𝑇 (Figure 4). The test points ob-

tained from the flight experiment are given in the ap-

pendix. 

Rotor power is normalized as 𝐶𝑃 =
𝑃

𝜌𝐴(Ω𝑅)3
 

Figure 4: Flight test result for normalized rotor power 
in hover. 

6. Numeric Simulation Setup 

The flight mechanical model, incorporating respective 

inflow models, rigid blade flapping dynamics, and 

multibody dynamics, has been implemented within 

the Versatile Aerodynamic Simulation Tool (VAST). 

VAST, a simulation tool presently being developed by 

DLR, incorporates analytic and nonlinear descriptions 

of helicopter theory. It offers capabilities for flight per-

formance studies, trim calculations, and transient cal-

culations. 

 



Throughout this study, we have integrated the 

CMTSVT model and the inflow modification proposed 

by Padthe et al. into the VAST inflow calculation sub-

routine. The rotor blades' inertial tensors, which were 

measured in reference [14], have been simplified in 

this paper to diagonal tensors to avert potential tor-

sion-to-flapping coupling. 

 

SuperARTIS showcases a hingeless blade attach-

ment, which we model as a virtual flapping hinge. The 

stiffness of this hinge was obtained from internal doc-

umentation. 

 

Table 2: Implemented rotor parameters. 

Characteristic Value Uni

t 

Blades 2  

Profile NASA RC(4)-10  

Flapping joint offset 0.25 m 

Blade Root Cutout 0.25 m 

Flapping-Torsion 

coupling Δ3 

0 deg 

Blade Twist 𝜃𝑡𝑤 0 deg 

Aspect Ratio Λ 16.03  

Surface density 𝜎 0.0397  

Blade mass 0.715 Kg 

Rotor cant angle ±10.5 deg 

Blade tip velocity 143.56 m/s 

Lift curve slope 𝑎 5.73  

Blade Inertial       

Tensor 𝐼𝐵 

𝑑𝑖𝑎𝑔([0.0005, 0.3535, 0.3469]) 

 

Padthe et al. chose 𝑘𝑖𝑗 ≠ 𝑘𝑗𝑖 as this is sensible for 

coaxial rotors. For the Flettner configuration, we 

choose a symmetric interaction, which leads to 𝑘𝑖𝑗 =

𝑘𝑗𝑖 because rotors have the same height unlike the 

coaxial rotor configuration. The value of 𝑘𝑖𝑗 is ex-

tracted from the vortex model of CMTSVT as 𝑘𝑖𝑗 = 

0.92. From earlier flight tests which studied the fast-

forward flight regime, we estimated that the interac-

tion effects phase out between 2.5 m/s and 15 m/s 

and set 𝑣cutoff and 𝑣reduce accordingly. A plausible rea-

son for this could be the lateral displacement of the 

rotor downwashes in the Flettner configuration. Con-

sequently, the interaction is decreased more rapidly 

in forward flight. 

To compare the effects of the described inflow mod-

els on the flight mechanical simulation, we set up a 

simulation of hover trim varying collective pitch. 

For the trim calculation, cyclic inputs were fixed to 

zero and collective was trimmed with the goal of set-

ting vertical forces to zero. The time step was set to 

0.87 ms equivalent to 5° blade angle change per time 

step. The fuselage is freezed in space. 

 

7. Results and Discussion 

Figure 5 depicts the trim results from flight test com-

pared to the predictions from different inflow models. 

Using Pitt-Peters inflow model, the rotor thrust is sig-

nificantly underestimated, while CMTSVT and the 

model by Padthe lead to a good match of the power 

prediction with flight test. 

 

 

 

Figure 5: Hover Trim Results: Comparison of Rotor 
Power and collective command angle.  

The error in collective control angle prediction using 

Pitt-Peters inflow is around 0.7 °. The CMTSVT and 

Padthe model improve this to an error of 0.3 ° 



Figure 6 depicts the distribution of induced inflow 

over the rotor disc in hover. While Pitt-Peters and 

Padthe inflow model show a uniform distribution, 

CMTSVT shows a strong lateral gradient. This gradi-

ent stems from the overlapping rotor configuration of 

the Dragon 50. 

The inflow distribution of CMTSVT also shows a gra-

dient in longitudinal direction.   

Figure 6: Induced velocity in hover, normalized in 
ΩR. 

CT=2.0⋅10-3. 

The non-uniform inflow distribution predicted by the 

CMTSVT model leads to strong flapping moments, 

which in turn result in moments in roll and pitch. Due 

to the design of the Dragon 50 with its dual rotor, 

hingeless rotor head, these moments turn out rela-

tively strong. Additional validation studies should be 

performed for these moments. 

 

8. CONCLUSIONS 

The comparison of the simulation results with flight 

test data lead to the following conclusions: 

1. The rotor power prediction for intermeshing rotor 

configurations in hover need to include an inflow 

model that accounts for interference effects. 

CMTSVT model shows good matching with flight 

test data, making it a valuable tool for early design 

stages involving for example configuration stud-

ies. 

2. A relatively simple coupling of separate inflow 

models that we observed in [11] leads to similar 

results in power predictions. In this case, the 

model parameter needs to be tuned using a ref-

erence inflow model or flight test results. 

3. Intermeshing rotor configurations lead to strong 

hub loads due to interference effects. Uniform in-

terference inflow is not adequate for simulating 

these loads. Additional validation studies should 

be performed to asses if these match the real mo-

ments. 

 

Future work will involve modification of the flight test 

instrumentation to measure hub moments of first or-

der. This will allow for the validation of predicted hub 

moments. 
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9. APPENDIX 

Table 4 shows the trim values from flight experiments 

that are used for evaluating the inflow models. They 

were gained by averaging the state variables over 

stationary hover states, outside ground effect. The 

data was averaged over 2 s to 6 s.  

By varying the fuel mass, we achieved different rotor 

thrust in stationary hover. Thrust was then calculated 

analytically from the hover condition while the rotor 

power was measured using strain gauges on the rotor 

masts. 

 

Table 4: Flight Test data points for hover analysis. 

Mass Power Control Input 

  𝜃𝑐 𝜃𝑠 𝜃0 Yaw 

[kg] [kW] [DEG] [DEG] [DEG] [DEG] 

65.89  7.30 0.40 -0.13 6.62 0.69 

67.01 7.19 -0.15 -0.02 6.65 0.00 

68.11 7.28 -0.26 -0.04 6.71 -0.26 

70.37 7.77 -0.29 -0.53 6.82 0.09 

72.32 7.91 0.68 -0.14 7.31 -0.22 

72.40 7.63 0.65 -0.21 7.12 -0.33 

73.20 7.61 0.98 -1.16 7.13 -0.18 

74.30 8.19 -0.34 -0.54 7.50 -1.87 

74.6 7.72 1.23 -0.23 7.21 0.50 

75.27 7.72 1.05 -0.04 7.22 0.17 

75.52 8.81 0.80 -0.16 7.46 -0.27 

75.56 7.78 0.74 -0.14 7.25 -0.23 
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