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The performance of multidisciplinary engineered systems (e.g., aerospace vehicles, ships, sub-
marines, offshore structures, and wind turbines) could be significantly enhanced at the earliest
stages of design through understanding the governing dynamics and possibly exploiting specific
phenomena. Equations governing the performance of these systems may comprise nonlinear par-
tial differential equations (e.g., Navier-Stokes equations). Recent advances in computer hardware
and software in terms of speed and storage capacity have enabled the use of numerical simulations
whereby, the afore-mentioned equations are discretized and integrated with robust numerical algo-
rithms. While these high-fidelity approaches are powerful in terms of capturing the main physical
features, they involve multiple phenomena that are interrelated in a complex manner which require
a large number of degrees of freedom to reproduce them. Furthermore, the extensive computational
resources and time associated with the use of these tools could limit the capability to simulate a
large number of configurations for design purposes. These shortcomings lead to the need for devel-
oping simplified simulation tools with significantly reduced computational cost while embodying
relevant physical aspects and response characteristics.

Unsteady vortex lattice method simulation of the
wake behind the flapping wings.

In this work, we present a fast and ef-
ficient implementation of a potential flow
solver based on the unsteady vortex lat-
tice method (UVLM), namely PyFly. This
computational tool can be used to sim-
ulate the unsteady aerodynamic behav-
ior of moving and deforming bodies such
as flapping wings, rotating blades, and
swimming fish. UVLM computes the
forces generated by pressure differences
across the wing surface resulting from
acceleration- and circulation-based phe-
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nomena. This accounts for unsteady effects such as added mass forces, the growth of bound
circulation, and the wake. UVLM applies only to ideal fluids, incompressible, inviscid, and ir-
rotational flows where the separation lines are known a priori. Thus, the formulation of UVLM
requires that fluid leaves the wing smoothly at the trailing edge (through imposing the Kutta con-
dition), it does not cover the cases of flow separation at the leading-edge and extreme situations
where strong wing-wake interactions take place. In spite all of these restrictions, several research
efforts have considered the use of UVLM for the design of avian-like flapping wings in forward
and hover flights [1–4].

While fast runtime is usually the target of scientific software projects, we recognize that a
simple user-interface is also an important aspect of a framework’s usage. An efficient framework
which is complex to understand and use will not reduce the solution time for an engineer, despite
the fact that the resulting code executes quickly. However, languages which are easy to use are
frequently orders of magnitude slower in performance. Neither situation is ideal. The goal of
PyFly is to provide a friendly framework for aerodynamic simulations based on the UVLM which
is also computationally efficient. We achieve this by using mixed-language programming. We use
python [5] for high-level management of grid objects and Fortran for the computational kernels
which must run efficiently.

While the numerical method does not change for different applications, the requirements which
different applications present can become complex to manage. For example in the case of flapping
wings, there is the wing and its wake to manage. For symmetric flights, we must also track the
effect of the wing’s mirror image. However, in the case of a wind turbine, each rotating blade and
its wake is modeled as a separate object which interacts with the entire system.

To simplify user-burden in writing solvers for different scenarios, we implement a base grid
class in python which handles the grid itself and its wake. Furthermore it can compute its influence
on other grid objects. This abstract approach makes the framework simple to use, while core
components run in Fortran for efficiency. Mixed language programming is a growing trend in the
field of scientific software [6].

We present and analyze different configurations for flows past wings to demonstrate the ability
of the UVLM to appropriately capture the flow around moving bodies and accurately predict the
associated aerodynamic loads. Results from these configurations are compared against those ob-
tained from numerical and experimental studies. Furthermore, we show the suitability of PyFly to
perform optimization analyses as required for design purposes.
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