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Abstract 
Hybrid Laminar Flow Control (HLFC) remains one of the most promising airframe technologies that can substantially 

improve overall aircraft efficiency [1]. Although many numerical and experimental studies investigated the capabilities 

of HLFC, it is still challenging to consider the technology at a conceptual aircraft design phase due to a need for more 

information. The present work focuses on investigating several existing aircraft retrofitted with the HLFC technology to 

obtain generic correlations useful for early conceptual aircraft design. The work will also suggest potential limits of HLFC 

applied for current airplanes with present regulations. The work focuses on at least three standard aircraft with various 

payloads and ranges and suggests the initial limits of HLFC. A series of studies are performed for each aircraft to achieve 

the provided goals. An aerostructural optimization framework has been developed to redesign the wing for a given aircraft 

with the presence of HLFC. The framework comprises medium-fidelity physics-based analysis tools and includes 

different modules: aerodynamics, structures, suction system analysis, and performance evaluation. The aerodynamic 

module is characterized by a Quasi-Three-Dimensional (Q3D) model that combines the use of Vortex Lattice Method 

(VLM) AVL, an Euler equations solver (MSES), and Linear Stability Analysis for wing study. The methodology adopts 

a conical transformation, representing a 2.75D approximation, able to take into account wing sweep angle and taper ratio 

for better treatment of three-dimensional effects. Structural analysis is performed with the tool EMWET [2], which 

couples physics-based wingbox sizing techniques with empirical models. The remaining modules are given by semi-

empirical formulations.  For each of the three aircraft, several retrofit studies are presented. First, each aircraft considered 

in the work is digitized using the SUAVE [3] aircraft design environment and available resources. An initial fully turbulent 

wing optimization of the digitized airplane is performed to estimate the airfoils of the reference wing. The design variables 

are given by airfoil shape parameters at different sections from root to tip and twist angles. Then, the reference wing is 

retrofitted with the leading edge suction system to investigate the current capabilities of a benchmark wing with the 

technology. After that, the optimization of the wing with HLFC is performed to estimate a limit of possible retrofit and 

the maximum benefits of the technology. Suction scale coefficients are applied for HLFC to control the suction 

distribution. Hence, each aircraft is optimised for full turbulent wing and for HLFC application. Data are then compared 

with the use of suction on the first optimised version, looking for potential relationship between airfoil, wing parameters 

and suction system capabilities. It will be arranged in a series of correlations that can be used for early estimations of 

aircraft wing aerodynamics with the presence of HLFC. This way, the work shall help designers reduce high uncertainties 

related to the technology at early design stages for various commercial aircraft and recommend practical aerodynamic 

limits of its applicability. 
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