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ABSTRACT 

Modern fighter aircrafts are designed for high agility and are required to perform manoeuvres 

at high angles of attack (AOA). The aircraft encounters highly adverse aerodynamic conditions, 

characterized by the formation of strong vertical flows originating from forward surfaces, 

including the forebody, air intake and wings. As the angle of attack increases, these vortices 

may become unstable and undergo breakdown. The resulting unsteady flow impinges on the 

vertical and horizontal tail surfaces, producing fluctuating pressure loads that can excite their 

structural modes. The induced dynamic response can be significant, leading to possible 

structural damage and a substantial reduction in the fatigue life of critical aircraft components. 

The buffet mechanism is strongly influenced by aircraft configuration, particularly the position 

and orientation of the vertical tails.  In single-fin configurations, the vertical tail is aligned with 

the fuselage reference line (FRL), whereas twin-fin configurations employ outward-canted 

vertical tails, making them more susceptible to tail buffeting, especially at high AOA 

 

This paper presents a comparative study of buffet characteristics in fourth-generation single-fin 

combat aircraft and a fifth-generation advanced medium twin-fin combat aircraft based on wind 

tunnel experiments. The comparison study focuses on unsteady pressure distribution, 

aeroelastic buffet response, buffet onset, and buffet severity for both configurations under 

identical test conditions. Wind tunnel tests were conducted in subsonic and transonic regimes 

over a range of Mach numbers, angles of attack, and angles of sideslip. 

 

The single-fin aircraft was tested using a 1:20 scaled model in the 4-ft Transonic Wind Tunnel 

at the National Aerospace Laboratories (NAL), India. The model comprises a vertical tail and 

delta wings equipped with ailerons, flaperons, and slats. The twin-fin aircraft was tested using 

a 1:15 scaled model in the 8-ft Transonic Wind Tunnel at CALSPAN, USA, featuring twin 

vertical and horizontal stabilizers and trapezoidal wings with control surfaces. Pressure sensors 

were mounted on the vertical stabilizers to capture unsteady pressure distributions and identify 

flow instabilities. 

 

The measured time-domain pressure data were transformed into power spectral density (PSD) 

using FFT. The buffet pressure PSDs were appropriately scaled in magnitude and frequency, 

and the scaling methodology is detailed in this paper. Figure 1 presents a comparative analysis 

of buffet pressure PSDs for the two configurations. Aeroelastic buffet response analyses were 

carried out using the wind tunnel data, and responses in terms of displacement, acceleration, 

and stresses were evaluated and compared. Figures 2 and 3 illustrate the fin-tip displacement 

and acceleration power spectral densities for both configurations. The maximum response was 

observed in the first vertical tail bending mode, while contributions from higher modes were  
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also examined. RMS responses were computed over frequency bands of 1–20 Hz, 20–40 Hz, 

40–60 Hz, 60–100 Hz, and 1–100 Hz to account for modal contributions. 

 

 

 
Fig. 1 : Comparison of Tail-Tip Pressure PSD for Single-Fin and Twin-Fin Configurations 

 

 
Fig. 2:  Comparison of Tip Displacement for Single-Fin and Twin-Fin Aircraft 
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Fig. 3:  Comparison of Tip Acceleration for Single-Fin and Twin-Fin Aircraft 

 

Buffet severity was assessed using a buffet excitation parameter across various test conditions 

for the significant tail modes and buffeting was classified as light, moderate, or heavy. Buffet 

onset was estimated using both global criteria (RMS acceleration) and local criteria (RMS 

pressure), and the buffet onset AOA was compared for both configurations. The results indicate 

that the twin-fin configuration is more susceptible to buffeting than the single-fin configuration 

at high angles of attack, as evidenced by higher buffet severity, earlier buffet onset, and 

increased aeroelastic response. 

 

 


