Modeling and Simulation £ 545 EK, 2026, 15(5), 138-147 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/m0s.2026.155078

~

A EneR e E T e R ES oS

7 R, X RmY, #AKR2

WEFHE TR TR A BE, 107 TEFH
LT AR SHHIE RO SR G E SR, LT Tk

ks H . 20264F4H25H; A B 20264E5H18H; KA H#: 20264F5 726 H

HE

NEFRA F e R B XN e B T AN S ESER MM, DR RE ER 105 T IREE4.55T
3R XU B0 &, #T-Simcenter STAR-CCM+E . =AM EER, RALESE RE(MRF)R
SST k-wifFAREL, XA F A EE L TH T KPS . FERERRS A T RS SEREH: I
REBERS THREVERRRASSTR, MREEMG T FRH# AP E S T e B R
B; PEERERPEY K, NRRPHHEAIMFHHERTYK, HEBKAETETRE. EE=EN
/T HsmmibER=ERY, KR REREREHESRERRESBMR[HEIZEEER, #R
BRI, ELRESAR—eEEE, HEEEABTAR. HAGET /N REREMR
Rt s% .

Kigia
DURRRTEAN, &%, ReRFE

Analysis of Aerodynamic Characteristics of
Quadrotor Hovering at Different Spacings

Wu Sunl, Fengli Liu?*, Yongping Hao?

1School of Mechanical Engineering, Shenyang Ligong University, Shenyang Liaoning
2Liaoning Key Laboratory of Advanced Manufacturing Technology and Equipment, Shenyang Liaoning

Received: April 25, 2026; accepted: May 18, 2026; published: May 26, 2026

Abstract

To investigate the influence of different rotor spacings on the hover aerodynamic characteristics of
small quadrotor UAVs, this study focuses on an X-configuration quadrotor equipped with 10 x 4.5
two-blade propellers. A three-dimensional numerical model was established using Simcenter
STAR-CCM+, employing the Multiple Reference Frame (MRF) method and the SST k-w turbulence
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model. Simulations were conducted to analyze the average thrust, average torque, and flow field
distribution under various spacing ratios. The results indicate that significant aerodynamic inter-
ference exists between rotors during quadrotor hover. At smaller spacings, both average thrust and
torque are lower than the baseline values of an isolated single rotor. As rotor spacing increases, the
quadrotor’s average thrust and torque gradually rise and stabilize at larger spacings. Velocity con-
tours and pressure contours 5 mm below the rotor disk demonstrate that increasing rotor spacing
reduces wake overlap and local pressure field coupling between adjacent rotors, leading to more
organized flow field distribution. However, the improvement effect becomes limited when spacing
exceeds a certain threshold. These findings provide valuable insights for optimizing rotor layout in
small quadrotor designs.
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Figure 1. Small quadrotor 3D model
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Figure 2. Quadrotor geometric model
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Table 1. Specific mesh division size
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Figure 3. Local mesh generation results
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Figure 4. Average thrust comparison chart
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Figure 5. Average torque comparison chart
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Figure 6. Longitudinal section velocity cloud map of quadcopter at typical spacing
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Figure 7. Pressure cloud map at 5Smm below the rotor disc with typical rotor spacing
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