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Although formation flight offers improved aerodynamic efficiency, reduced fuel
consumption, and diminished environmental impact, it introduces complexities
beyond those of single-aircraft operations. These challenges primarily arise from
increased lateral static instability and the generation of a downward pitching
moment in the trailing aircraft. Aerodynamic interactions-particularly the
wingtip vortices generated by the lead aircraft-affect the follower by reducing its
effective angle of attack, lowering induced drag, and altering airflow distribution.
The core objective in formation flight is to enhance aerodynamic performance,
which has garnered interest in commercial aviation due to its potential for fuel
savings. Performance optimization depends on spatial positioning adjustments
of trailing aircraft along three rotational axes relative to the leader and one
another, maintained at optimal cruising speeds. This review examines the
aerodynamic advantages and limitations of formation flight in commercial
aviation, with a focus on the trade-offs involved in its operational
implementation.
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Fig. 2. Vic and Echelon formation [6].
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Configuration Aerodyqamlc VLM | RANS
Coefficients

. C, 0.0022 | 0.0028

Isolated aircraft c. 01758 | 01290

Trail aircraft C. 0.0016 | 0.0019

formation C, 0.1935 | 0.1450
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Table 2. CFD results of longitudinal aerodynamic data for
different aircrafts at p=0° and CL=0.315 [24].

Ngme of Solo Leader Follower
Aircraft
o’ 5.15 5.15 4.477
CL 0.314827 0.315484 0.315369
CD 0.016500 0.016473 0.012360
CM -0.007397 -0.007441 -0.009408
K 19.08 19.15 25.52
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1. Surfing Aircraft Vortices Energy (SAVE)
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calculation considering flight maneuver [30].
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1. Extremum Seeking Control (ESM)
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