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Abstract 

A smart rotor with trailing edge flaps (TEF) is an effective method of vibration control 
for helicopter. For effective flap control, an aerodynamic analysis model of the airfoil 
with active TEF was constructed. Based on verifying the validity of the meshing and 
calculations, the steady and unsteady cases were constructed. The influence of the gap 
size variation caused by the flap deflection on the aerodynamic performances of active 
TEF airfoil was studied. The analysis results show that the gap caused by TEF deflection 
will affect the aerodynamic performances of the airfoil. By designing the gap size 
reasonably, the adverse effects of the gap on the airflow during the flap oscillatory 
deflection can be effectively reduced. The analysis method will provide a reference for 
the design of blades with active TEF. 
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1. Introduction 

Reducing the vibration loads transmitted from the rotor to the fuselage is the main problem in 

helicopter design. Smart rotor with TEF [1] has been demonstrated with more practical potential to 

alleviate vibration loads. The airflow over the blade is changed by the flap oscillatory deflection and 

thus the aerodynamic performances of the blade will be affected. Active deflection of the smart rotor 

with TEF generates additional loads which will alleviate the alternating aerodynamic loads of rotor. 

The aero-elastic coupling response of the blade is also affected by the TEF deflection. Thus, the loads 

distribution of the rotor will be improved and the purpose of alleviating rotor vibration loads is 

achieved at last. 

The unsteady aerodynamic modelling of airfoil with TEF [2] was developed to improve the accuracy 

of the flow field around the rotor. The aerodynamic simulation of multi-component movements was 

implemented with the overset grid method [3]. Using the overset grid method, the effects of TEF on 

the dynamic stall [4], the blade tip vortex [5], the flow field wake [6] and the aerodynamic 

performances of the blade [7] were studied. It revealed that the performance of the airfoil was 

improved with the reasonable deflection of the flap [8]. However, the influence of the gap on the 

airfoil aerodynamic performances was ignored during the flap deflection. With the development of 

TEF, unsteady flow in gap due to flap deflection attracted attention [9-11]. Nichols Liggett observed 

a reduction of the airfoil aerodynamic performance due to the gap. With the airfoil becoming complete, 

the aerodynamic performance of the airfoil is improved [12]. However, the research ignored shape 

and size of the gap. In 2015, Cvetelina Velkova carried out the study of the influence of the gap size 

on the lift of the airfoil [13] and the result proved that gap size had no effect on the slope of the lift. 

Subsequently, the effects of the chord length and the deflection amplitude of the flaps on the dynamic 

stall were studied. Considering the optimization of gap shape which changed from vertical gap to arc-

shaped gap and ignoring the influence of gap size, researches on morphing airfoil strategies such as 

leading edge and TEF were carried out [14-17]. 
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Domestic research conclusions on flap shape were consistent with those abroad [18-22]. But there 

were few studies on the gap between the flap and main airfoil. By studying the gap between the flap 

and main airfoil, Hu Zhiyuan observed that the gap reduces the aerodynamic efficiency of the airfoil 

[23]. 

Due to the tiny size of the gap between the flap and main airfoil, it’s difficult to achieve the 

aerodynamic simulation of the gap airflow. Hence, a few researches on the influence of the gap 

parameters on the airfoil with TEF were carried out. Based on the construction of an aerodynamic 

analysis model of TEF, the influences of gap size on the aerodynamic performances of the airfoil are 

analyzed in this paper to provide a reference for the design of blades with TEF. 

2. Model and Simulation Method Validation 

The overset grid method and the accuracy of the model are verified. A contrast analysis of the 

aerodynamic performance of the NACA0012 airfoil with no-deflectional TEF is carried out. Fig. 1 

presents a model in which flap chord length is 25%c, the gap size is 0%c and the gap shape are parallel. 

The results used overset grid method are compared with the experimental aerodynamic data. The 

steady aerodynamic coefficients at different Mach numbers are shown in Fig. 2, Fig. 3. 

 

 

Fig. 1. Overset grid of airfoil with the flap 

 

   

(a) Mach = 0.3  (b) Mach = 0.5 (c) Mach = 0.6 

Fig. 2. Comparison of lift coefficients 

 

   

(a) Mach = 0.3 (b) Mach = 0.5 (c) Mach = 0.6 

Fig. 3. Comparison of drag coefficients 
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From Fig. 2 and Fig. 3, the lift coefficients and drag coefficients at different Mach numbers are 

consistent with the experimental data. 

Considering that the airfoil works in the process of dynamic deflection, the airfoil grid is used for 

dynamic simulation analysis. The parameters related to the unsteady cases are shown in Table I. A 

comparison of the calculated data and the experimental data [24] is shown in Fig. 4. 

 

Table 1. Unsteady case parameters 

Category Value 

Ma 0.28 

Re 3.52  106 

Angle of attack(AoA)(°) 14.84 

Deflection center of airfoil 1/4 chord 

Frequency of airfoil deflection 1.08 

Amp of airfoil deflection(°) 9.87 

Deflection center of flap 3/4 chord 

Frequency of flap deflection 0 

Amp of flap deflection(°) 0 

 

 

Fig. 4. Comparison of measured results of lift coefficients data with experimental data 

 

The steady and unsteady cases prove that the overset grid method can be used to simulate the dynamic 

stall of the airfoil. The calculated data is consistent with the experimental data and the aerodynamic 

data obtained by simulation are reliable. 

3. Influence of Gap Size on Aerodynamic Performance 

The blade tip Mach number on a rotor is usually below 0.85. When the TEF is installed at the 0.7R 

spanwise location of the blade, the inflow Mach number is approximately 0.6. Based on the 

aerodynamic coefficients of complete airfoil, the gap shape of a wide inlet, narrow outlet and small 

curvature is constructed. The TEF parameters applied during the simulations are as follows: the 

inflow Mach number is 0.6, the TEF chord length is 25%c and the TEF deflection center is located at 
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mid-arc location. On the basis of the gap shape and TEF parameters above, different aerodynamic 

coefficients and pressure coefficients of the airfoil at different gap sizes are shown in Fig. 5. The 

influence of the gap size on the airfoil surface airflow is shown in Fig. 6. 

 

   

(a) Lift coefficients (b) Drag coefficients (c) Moment coefficients 

   

(d) 0.0%c gap size at AoA: 2° (e) 0.2%c gap size at AoA: 2° (f) 1.0%c gap size at AoA: 2° 

   

(g) 0.0%c gap size at AoA: 6° (h) 0.2%c gap size at AoA: 6° (i) 1.0%c gap size at AoA: 6° 

Fig. 5. Aerodynamic and pressure coefficients at 0.6 Ma 

 

Fig. 5 shows that the gap size can affect the pressure distribution on the airfoil and then the 

aerodynamic performance is affected. 

With the increase of the gap size, the lift coefficients first increase and then decrease, while the 

moment coefficients first decrease and then increase. The trends above flatten out as the AoA 

increases. Meanwhile, the influence of the gap size on the drag coefficients of airfoil is more 

complicated. When AoA is small, the drag coefficients of the airfoil increase significantly. When the 

AoA is close to the stall AoA, the large gap is instead beneficial to reduce the drag coefficients. 
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0.0%c 0.1%c 0.2%c 0.5%c 0.8%c 1%c 2%c 

(b) AoA: 7.1° 

       

0.0%c 0.1%c 0.2%c 0.5%c 0.8%c 1%c 2%c 

(c) AoA: 15° 

Fig. 6. Airflow diagram of different gap sizes 

 

The gap between the flap and the main airfoil connecting the upper and lower surface of the airfoil is 

shown in Fig. 6. 

In small gap size, the airflow on the lower surface passes through the gap and forms a jet on the upper 

surface of the airfoil. The airflow on the upper surface is accelerated and the pressure distribution on 

the lower surface is changed, which leads to the increase of the pressure difference between the upper 

and lower surfaces. Thus, lift coefficients increase and the moment coefficients of the airfoil 

decreases. 

With the increase of the gap size, the velocity of the jet formed on the upper surface gradually 

decreases and the acceleration effect of gap on the airflow gradually weakens. Due to the connection 

between the upper and lower surfaces, the pressure difference decreases and the position of the 

pressure center changes, which make a significant change in the lift loss and the moment of the airfoil. 

The presence of a gap at a small AoA destroys the integrity of the airfoil. The presence of the gap 

forms a bypass flow, resulting in pressure loss, and thus the drag coefficients of the airfoil increase. 

Although the airflow through the gap is relatively less at this time, the jet will be accelerated by the 

tiny size gap. Even the supersonic flow is formed, which leads to a significant increase in drag 

coefficients. The enhancement effect of the gap flow decreases with the gap size increases. At this 

moment the major reason for the increase in drag coefficients is the pressure loss caused by the bypass 

flow. 

The curvature of the airflow through the gap decreases as the AoA increases, which in turn benefits 

the airflow in the gap. The jet generated by the gap or the bypass flow through the gap has an 

adsorption effect on the airflow of the upper surface. The separation of the airflow is suppressed and 

the dynamic stall is delayed. 

The aerodynamic performance of the airfoil is affected by the gap size. The effect decreases with the 

increase of AoA. While the lift coefficients are improved by the tiny gap, the moment coefficients 

are reduced. There is also a significant enhancement of drag coefficients at the same time. Particularly, 

the lift coefficients, drag coefficients and moment coefficients of the airfoil fluctuate inversely with 

the changes of AoA. The additional vibration loads of the blade caused by reverse fluctuation of the 

aerodynamic coefficients are unfavorable for active TEF to reduce vibration loads of rotor. The 

rational gap size between 0.3%c and 0.5%c will reduce the airfoil lift coefficients and increase the 

moment coefficients, but the change is relatively smaller. Meanwhile the fluctuation of drag 

coefficients is small. Therefore, setting the gap size in the range of 0.3%c - 0.5%c is more beneficial 

to design the blade with TEF. 
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4. Conclusion 

In this paper, the overset grid method is used to analyze the effects of the airfoil aerodynamic 

performances induced by the gap between the flap and main airfoil. The following conclusions are 

obtained. 

(1) The overset grid method is implemented to simulate the gap flow with TEF, especially associated 

with tiny size gap flow. 

(2) The gap size between the flap and main airfoil has an influence on the aerodynamic performance 

of the airfoil. However, the effect decreases with the increase of AoA. 

(3) The gap on the blade is inevitable due to the installation of TEF and it’s necessary to reduce the 

adverse influences of the gap on the aerodynamic performance. Setting the gap size between 0.3%c 

and 0.5%c, favorable control effect of the active TEF can be achieved. 
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