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ABSTRACT 

The main area of search for reduction of energy consumption by flow modification is 

multi-rotor coaxial systems. The author has analysed the current state of knowledge on 

multi-rotor systems with coaxial rotor spacing. State-of-the-art for coaxial rotors is 

mainly based on small rotor separations. Also, existing rotorcraft designs usually have 

rotors with separations much smaller than one rotor diameter. The author has proposed 

a solution for a coaxial multi-rotor system with a far spacing of the rotors. To investigate 

such an arrangement, an experimental stand was designed and constructed. The stand 

contains two rotor assemblies, structural elements, and measurement instrumentation. 

The test objects are two rotors with symmetrical geometry, rotating in opposite directions. 

During testing of the coaxial rotor assemblies, propeller characteristics were collected for 

successive thrust values with variable axial separation of the rotors. To investigate the 

effect of far rotor separations on rotor energy consumption, experimental tests were 

performed based on the coaxial alignment of two carrier rotors. The results allowed to 

determine the characteristics and input parameters for the mathematical model created 

within the work. The mathematical model allows for analysis of a wider range of input 

parameters than is possible with experimental studies. The results of the experimental 

study and the results of the mathematical model are presented in the form of numerous 

diagrams of the PL (power loading) and DL (disk loading). Flight parameters such as 

maximum hover time for the proposed experimental rotorcraft system have also been 

analysed. The results indicate the energy benefits of the far separation coaxial multi-rotor 

system. A mathematical model based on actuator disk momentum theory modified by the 

author, taking into account the far spacing of the coaxial rotors, has been developed.   

  


