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Abstract: In the present work, we have focused on the 

understanding of the effect of gap between micro propellers in 
coplanar and in coaxial arrangements on the thrust generation 
experimentally. In a way it’s a preliminary optimization of the 

spacing and placement of the micro propellers in a multirotor 
UAV system. APC 12-inch diameter (D) (12X8 E) and Master air 
screw (MAS) 11-inch diameter (11X6) propellers each 2 in 
numbers were considered in the study. A static testing rig was built 
with a provision to mount the propellers in coplanar and in 
coaxial arrangements. A thrust was measured using a single 
component load cell. Parameters like current consumption by 
BLDC motors and propeller RPM were also monitored. For 
coplanar arrangement, there is no influence of gap (G) between 
the propellers on the coefficient of thrust (CT). However, for 
G/D<0.2 random variation in CT is observed.  Similarly, for 
propellers in coaxial arrangement, for smaller gap between the 
propellers along the axis is found to generate higher thrust. This 
optimization of the gap between the propellers may be lead to a 
compact multi-rotor UAV system having higher payload carrying 
capacity or higher endurance. 

Index Terms: aerodynamic performance, coaxial, coplanar, 
coefficient of thrust, gap to diameter ratio (G/D), multi-rotor 
UAVs 

I. INTRODUCTION 

  UAVs are gaining prominence in agriculture application 
like spraying pesticides, crop health monitoring through 
multispectral cameras etc. Due to vertical take-off and 
landing capability, these vehicles are also becoming popular 
in delivering the parcels to the customers. In multirotor 
UAVs, position of the rotors with respect to each other is 
important as the overall lifting capacity of the UAV 
(cumulative thrust generation) depends on it. Also, optimal 
gap between adjacent rotors gives additional benefit to UAV 
in terms of compact size of the airframe. Another way to 
optimize the performance of the multirotor UAVs is to have 
coaxial propellers. For example, in Octa copter, if the 4 pairs 
of micro propellers mounted in coaxial manner then the 
footprint of the UAV would be same as the quad copter.  

Aleksandrov and Penkov investigated the effect of gap 
between the propellers in quad-rotor UAV.  
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Their CFD and experimental results show that there is a 15 % 
increase in thrust generation when the rotors were placed 
0.3D apart, where D being the diameter of the rotor. For 
smaller gap (<0.3D) they observed reduction in the thrust [1]. 
Wenwu Zhou however noted that there is no change in the 
thrust coefficient with respect to the gap between the 
propellers tip. 
They further pointed out that if the gap is below 1D, there are 
fluctuations in the thrust generation [2]. and Effect of coaxial 
propellers on the aerodynamic performance was investigated 
by number of researchers. Ostuka and Nagatani observed the 
distance between the coaxial rotors have no effect either on 
increasing or decreasing the thrust generation [3]. 
Aleksandrov and Penkov showed that with increase in the 
distance between coaxial rotors, there is decrease in the thrust 
generation [4].  In the present study, we have experimentally 
investigated both the effect of rotor-to-rotor interaction on 
their aerodynamic performance. Both coplanar as well 
coaxial arrangement of the propellers is investigated based on 
thrust and power measurements. 

II. METHODOLOGY 

Fig 1a and 2a show schematic of micro propellers in coplanar 
and coaxial arrangement respectively. The effect of 
interaction of micro propellers is characterized by the thrust 
measurement. A single component load cell (MDB make, 
series 10, 4.5 kg capacity) was used for the thrust 
measurement. For coplanar arrangement of the micro 
propellers, thrust for only one of the micro propellers was 
measured and total thrust generation was then deduced by 
multiplying by 2. APC make, 12-inch diameter (D) (12X8E) 
and MAS make, 11-inch diameter (D) (11X6), each of them 2 
in numbers were considered for the study.  A gap between 
micro propeller tips was varied by mounting one of the 
propellers on the slider for the coplanar arrangement (Refer 
Fig. 1b). In coaxial arrangement, the gap was varied by 
adjusting the screw and nut arrangement as shown in Fig. 2b. 
Two BLDC AXI 2820/14, 860 kv motors were used to drive 
the propellers.  Agilent make DC power supply was used and 
voltage of 12 V was set across the motors. Another Agilent 
make DC power supply was used to give 11.8V excitation 
voltage to the load cell. The load cell was calibrated by 
recording output voltage against the standard weights. The 
load cell error was found to be less than 2 % on maximum 
output voltage. Electronic Speed Controller (ESC) and 
KV/RPM Meter sensor were used to control speed and 
measure micro propeller RPM respectively. For all the 
measurements, micro propeller RPM was varied from 4000 
to 6000. Data was acquired using PC based data acquisition 
system. 
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 National Instrument USB 6002 card was used along with the 
LabVIEW program. 1000 data samples were acquired at a 
sampling rate of 200 Hz. Mean thrust (T) was obtained by 
averaging 1000 samples acquired for every propeller RPM 
(n).    
Coefficient of thrust (CT) was obtained using expression 1.  

42Dn

T
CT


                 (1) 

In coplanar arrangement, for each gap (G) between micro 
propeller tips normalized by the micro propeller diameter 
(D), the thrust was measured for the range of RPMs.  For 
coplanar arrangement, for each gap (G) normalized by the 
micro propeller diameter (D) between micro propeller tips, 
the thrust was measured for the range of RPMs.   3 sets of 
measurement were taken for every micro propeller 
configuration and finally averaged thrust was considered. 

 
Figure 1: Propellers Mounted In Coplanar Arrangement 
(A) Schematic Of The Setup (B) Actual Photograph Of 

The Setup 
 

 

 
 

 
Figure 2: Propellers mounted in coaxial arrangement 

(a) Schematic of the setup (b) actual Photograph of the 
setup 

III. RESULTS AND DISCUSSION 

A. Characterization of an independent propeller 

 
Fig 3 shows variation of coefficient of thrust as a function of 
micro propeller RPM for both APC 12X8E and MAS 11X6 
propeller. CT found remain nominally constant for the range 
of propeller RPM.  
 

 
            Figure 3:  Variation in CT as function of RPM 
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B. Coplanar arrangement:   

Effect of non-dimensionalised gap between the micro 
propeller tips on CT for various propeller RPMs for APC and 
MAS micro propeller pair have been depicted in Figures 4 
and 5. Being a propeller pair, we have multiplied the CT by 2 
as it was obtained from the thrust measured for one of the 
propellers in the coplanar arrangement. It can be seen that 
there is a random variation in CT for G/D up to 0.2. For G/D > 
0.2, CT is found to be remained constant which suggests that 
the beyond 0.2D, the gap between propellers has no influence 
on the thrust generation and cumulative CT is just the sum of  
CT of 2 independent propellers. Since the fluctuations in the 
thrust are more for G/D<0.2 it is recommended that the gap 
between propellers tip should not be less than 0.2D from the 
stability of multirotor UAV point of view.  

 

Figure 4: Variation In Ct As Function Of G/D Ratio For 
Various Propeller Rpms For Apc 12x8e Propellers 

 
 

 

Figure 5: Variation In CT As Function Of G/D Ratio For 
Various Propeller Rpms For MAS 11X6 Propellers 

C. Coaxial arrangement: 

Fig 6 and 7 show CT variation as function of gap between 
propellers mounted in coaxial arrangement. It can be seen 
that the marginal increase in CT by 3 to 4 % is observed when 
the gap between the micro propellers along the axis is 

reduced from 1D to 0.5D for both the micro propeller 
configurations. It appears that even in coaxial arrangement, 
there is not much influence of the gap between the propellers 
on thrust generation. However, in UAVs having multirotor, 
this marginal improvement in the CT gets multiplied by the 
number of coaxial rotors in multirotor UAV system and the 
gap between the rotors plays a significant role in improving 
overall aerodynamic performance of the UAV. 

 
Figure 6: Variation In CT As Function Of RPM For MAS 

11X6 Propellers In Coaxial Arrangement For Two 
Different G/D Ratios 

 

Figure 7: Variation in CT as function of RPM for APC 
12X8E propellers in coaxial arrangement for two 

different G/D ratios 

IV. SUMMARY 

An experimental investigation was carried out to understand 
the effect of interaction between two micro propellers in 
coplanar and coaxial arrangements. In coplanar 
arrangements, fluctuations in the cumulative thrust was 
observed when the gap between the propellers was less than 
0.2D.  For G/D>0.2 the thrust coefficient was found merely 
independent of the gap 
between the propellers.  
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In coaxial propeller configuration the thrust is marginally 
affected by the gap between the propellers. Thrust found to 
increase with decrease in the gap between the micro 
propellers. This preliminary investigation would definitely be 
helpful in designing airframe with appropriate gap between 
rotors either arranged in coplanar or coaxial or in both the 
manners for a multirotor UAV system. 
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