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Abstract

In the framework of the PARSIFAL research project, funded by the European Community in the Horizon 2020 program, the
PrandtlPlane (PrP) configuration has been proposed as an innovative alternative to the current commercial aircraft of conventional
architecture; the PrP configuration development is presented in order to satisfy the future air traffic growing requirements with better
performances than conventional one, in terms of fuel efficiency, safety, pollution and noise emissions. In this paper a preliminary
aerodynamic investigation of the transonic behaviour of the PrP wing system is presented; this study has been carried out by means
of CFD analyses, with the aim to collect relevant information and to detect the proper design and operative space, fundamental for
the following aerodynamic design activity of the aircraft. Investigations have been made on macro parameters (like wing loading
or cruise Mach number) and also on local critical issues. The results obtained allows to design some initial reference configurations
with satisfactory cruise performance in this very initial stage of the design process.
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1. Introduction

A preliminary investigation of the transonic aerodynamics of an innovative commercial aircraft, with a box-wing
configuration known as PrandtlPlane (PrP), is presented in this paper; this activity has been developed in advance to the
main design activity of a commercial PrP aircraft, in the framework of the European Project PARSIFAL (“Prandtlplane
ARchitecture for the Sustainable Improvement of Future AirpLanes”) funded by the European Union under the Hori-
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zon 2020 program, and coordinated by the University of Pisa; the other partners of the project are: Delft University
of Technology (Delft, Netherlands), ONERA (Meudon, France), ENSAM (Bordeaux, France), DLR (Hamburg, Ger-
many), SkyBox Engineering (Pisa, Italy).

The PARSIFAL project is focused on the design of a PrP commercial aircraft capable to transport 250-350 pas-
sengers on continental routes, adopting a lifting system with a maximum span limited to 36 meters, according to the
ICAO Aerodrome Reference Code C standards, and with a significant reduction of fuel consumption per passenger.

One of the on-going activities of the project is the definition of Top Level Aircraft Requirements, which include
the cruise speed. According to common values of present continental flight, cruise Mach numbers (M) within the
interval [0.77-0.80] have been considered. Therefore, it has been necessary to perform a series of detailed aerodynamic
analyses (CFD calculations) in order to investigate preliminarily the aerodynamic behaviour of a box-wing lifting
system, designed according to the Best Wing System (BWS) theory by Prandtl (1924), in transonic flight condition.
A low fidelity design methodology, based on a constrained optimization procedure, described in Frediani et al. (2017),
has been used in order to define the initial configurations.

As described in Frediani et al. (2017), during the development of the PARSIFAL project, different fuselage layouts
have been proposed and studied; for the transonic CFD analyses campaign described in this paper only one fuselage
model has been used, with the following features: 10 abreast cabin with two aisles (3-4-3 layout), total fuselage length
of 36 meters, capability to carry a maximum number of passengers equal to 320. Although such configuration does not
represent the final design of the fuselage, in the present work it has been considered as a common model to compare
the performances of different lifting systems.

The logical flow, with which the series of analyses have been performed, follows two parallel phases:

• A first analysis campaign addressed to the identification of the sensibility of the global transonic cruise perfor-
mance of the aircraft on the macro parameters, in order to define the domain in which the overall design of the
airplane can be performed;
• A second analysis campaign focused on the identification and isolation of the local critical issues of the lifting

system in transonic flight (in example the critical regions where strong shock waves are located).

The results obtained in this phase have been used both to calibrate the low fidelity design procedure (e.g. as max-
imum limit of the design parameters variation, or as optimization constraints), and to define reference configurations
with satisfying cruise performance also in this extremely preliminary design phase, and also to increase the currently
low knowledge level on the aerodynamic behaviour in transonic flight of the innovative lifting system proposed in
PARSIFAL.

2. CFD analyses model

The CFD analyses have been performed with the software STAR CCM+, using steady compressible RANS models
on a half model of the aircraft (the symmetry condition is imposed with respect to the longitudinal plane), in order
to simulate, at this stage, only the cruise phase, obtaining information on the overall high speed performance of the
aircraft.

A mesh sensitivity analysis has been done, in order to identify the grid features that provide the best results relia-
bility with the minimum computational cost; grids with a minimum of 10 million cells to a maximum of 110 million
of cells have been evaluated. The selected mesh, used in the following analyses, has these features:

• Approximately 30 million of trimmed volume cells;
• Surface discretization with minimum size equal to 5 mm and maximum size equal to 25 mm;
• Wake refinement up to 50 meters, with maximum size of 500 mm;
• Prism layer with a height equal to 100 mm and grow rate equal to 1.1 (25 layers); the y+ values are between 30

and 150.

The model used is a RANS with “Coupled Flow” and “Coupled Energy” models; the turbulence model is the “k−ε
Realizable” with an “All y+” wall treatment; a comparison between the “k − ε Realizable” and the “k −ω” turbulence
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