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Investigation of Rotor-Rotor and Rotor-Fuselage Aerodynamic Interactions
in a Tandem Rotor Aircraft Using Detached Eddy Simulation
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School of Aerospace Engineering, Gyeongsang National University, Jinju, Republic of Korea

ABSTRACT

In recent years, the demand for unmanned aerial platforms capable of carrying heavy payloads has
increased to enhance wildfire suppression capabilities, and tandem-rotor configurations have been
adopted in many firefighting drones. This has led to the development of firefighting drones employing
tandem rotor configurations. While tandem rotor systems offer advantages in lifting efficiency, their
aerodynamic performance can be significantly influenced by rotor—rotor and rotor—fuselage interactions,
highlighting the need for quantitative evaluation during the early design phase. In this study, detached
eddy simulations(DES) were conducted using STAR-CCM+ to investigate the aerodynamic
characteristics of a tandem firefighting drone. Two configurations were analyzed: an isolated tandem
rotor configuration and a full configuration including the fuselage. The effects of inter—rotor spacing and
collective pitch angle on aerodynamic performance were examined. Results showed that rotor-rotor
interference led to a reduction in thrust as the inter—rotor spacing decreased. Conversely, rotor—fuselage
interaction in the full configuration enhanced overall thrust performance compared to the isolated case,
with more pronounced improvements observed at higher collective pitch angles. These findings provide
valuable aerodynamic insight into the performance sensitivity of tandem rotor systems and are expected
to support the preliminary design of firefighting drones.
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Fig. 1. Stepniewski rotor with ZC500 fuselage
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Table 1. Specification of full configuration

Property Value
Fuselage length [m] 1
Fuselage height [m] 0.5

Rotor radius [m] 0.615
Blade chord length [m] 0.04
Number of blades [-] 3
Airfoil [-] NACA0012
Twist [] 0
Collective pitch angle [’] 7

Table 2. Simulation condition in hover

Pressure [Pa] 101,325
Temperature [K] 288.15
Tip Mach Number [-] 0.297
Rotational Speed [RPM] 1570
Reynolds Number [-] 277 x 10°
Revolution [rev] 15
Overlap region
Wy =270° ' ¥ =90°
v ccw / Loow ]
Y0 — —— Ly =180°
AN

Fig. 2. Definition of tandem rotor overlap region
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(a) Isolated tandem rotor mesh

(b) Full configuration mesh

Fig. 4. Computaional grid system for the two
simulation conditions

Table 3. Comparison of averaged thrust and error as
function of total mesh size

Total mesh [Mil] 35 60 100
Experiment [N] 87.71
Averaged
thrust [N] 79.54 84.08 84.11
Error [%] 9.4 4.1 4.1
Simulation
Time [hour] 24 28 36
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Table 5. Comparison of averaged thrust and error as
function of overlap region

Case Overlap | Experiment | Averaged Error

[%] [N] thrust [N] [%]
(a) -3.65 (a) 87.71 87.95 0.09
(b) 11.98 (b) 86.73 87.56 0.95
(c) 23.96 () 84.64 83.04 1.9
(d) 37.50 (d) 80.81 78.85 2.4
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Table 6. Comparison of averaged thrust, torque and
Figure of Merit as function of overlap region

Case Overlap | Averaged Averaged | Figure of
[%] thrust [N] | torque [Nm] | Merit [-]
(a) -3.65 87.95 5.05 0.582
(b) 11.98 87.56 5.01 0.586
(c) 23.96 83.04 5.08 0.531
(d) 37.50 78.85 5.13 0.487
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Fig. 6. Comparison of tandem rotor averaged
thrust and torque as function of
overlap region
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(a) Overlap [%] = -3.65 (b) Overlap [%] = 11.98
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w=120°

(c) Overlap [%] = 23.96 (d) Overlap [%] = 37.50

Fig. 7. Comparison of azimuthal distribution of C.M? of the front rotor as function of overlap
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Table 7. Comparison averaged thrust, torque, and
Figure of Merit with and without fuselage
as a function of collective pitch angle

Collective | Averaged | Averged F'%l;re
pitch thrust torque Merit
angle [7] [N] [Nm] L

7 82.6 5.08 0.526

e 9 114.21 7.10 0.613
fuselage

11.5 153.47 10.19 0.670

7 84.72 5.27 0.528

w/ 9 11863 | 726 | 0636
fuselage

11.5 160.74 10.29 0.707
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