
Postdoctoral position: Aerodynamics of insect-inspired vibrating wings

Supervisors: R. Godoy-Diana & B. Thiria

Contact: ramiro@pmmh.espci.fr, bthiria@pmmh.espci.fr

Team website: www.pmmh.espci.fr/Biomimetics-and-Fluid-Structure-Interaction

Funding: ANR ASTRID Project NANOFLY anr.fr/Projet-ANR-19-ASTR-0023

A 12-month postdoctoral position is open at laboratoire PMMH, ESPCI Paris with the goal of
examining the flow structures produced by the vibrating wings of a nanodrone (see picture in
Fig. 1, left1), using particle image velocimetry (PIV).

In insects, the wing beating consists of two phases of translation, downstroke and upstroke, separated
by two phases of rotation, pronation and supination (see Fig. 1, right). By rotating the wing during each
stroke reversal, the leading edge of the wing drives the movement, and determines several aerodynamic force
production mechanisms that are intrinsically unsteady2 . The details of the vortex dynamics close to the wings
determine which of these physical mechanisms are at play depending on the geometry, material properties and
kinematics of the wings and are thus an essential aspect in the understanding of insect-inspired flapping wings3.
The main objective of the postdoctoral researcher in this project will be to characterize the flow produced by
the vibrating wings of a small nanodrone, using particle image velocimetry (PIV). Both hovering and cruising
configurations will be examined, based on a setup of the wing system inside a wind tunnel. The project aims also
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Figure 16: OVMI prototype geometry used in the computation. (a) example of
an OVMI nano-drone; (b) geometry of the left wing; (c) bending and (d)

twisting mode shapes of the left wing.

and 78 microns and peak force values of 11.12 mN and 28.49 mN respectively
(other peak force values are not given in the reference study). One can verify
that there is a quadratic fit (when including 0), with a coe�cient of about 0.0046
(T ⇡ 0.0046h2). Therefore the reference experiment exhibits a property that was
demonstrated with our analytical model.

Furthermore, the thrust peaks obtained by the simulation (fig. 15) are respec-
tively 4.8 mN and 11.7 mN. These two values lead to two di↵erent values of c0

when compared to the two values given in Ramananarivo et al. (2011). The mean
value is c0 = 1.188 (as there are two Marey wings on the system) and the relative
standard deviation is 2.5%. In strict logic, the Reynolds number is di↵erent for the
two di↵erent thicknesses (as the tip velocity changes) therefore the c0 coe�cient
is probably slightly di↵erent as well for the two considered thicknesses. Given
the fact that the relative standard deviation is very low, the model is considered
valid for the Marey wing in small amplitude. Indeed, one must also notice that
geometrically nonlinear e↵ects in the relative motion wr(x, y, t) of the wing are
neglected in our computations, whereas they are present in the experiments of
Ramananarivo et al. (2011), since for ✓0 = ⇡/3, the maximum amplitude of wr

is of the order of the radius R of the wing (see Fig. 15). It is therefore probable
that the results for larger thicknesses would have more dispersion.

4.2. Fully flexible OVMI wing

The aerodynamic force formulation is now extended to the case of a flexible wing
for which we prescribe the displacement field. The type of wings considered is
inspired from the wings of a NAV developed by the authors in the OVMI project.
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PACS 62.25.Jk – Mechanical modes of vibration
PACS 46.40.Ff – Resonance, damping, and dynamic stability
PACS 85.85.+j – Micro and nano-electromechanical systems (MEMS/NEMS) and devices

Abstract – This paper presents an original concept using a two resonant vibration modes com-
bined motion to reproduce insect wings kinematics and generate lift. The key issue is to design
the geometry and the elastic characteristics of artificial wings such that a combination of flapping
and twisting motions in a quadrature phase shift could be obtained. This qualitatively implies to
bring the frequencies of the two resonant modes closer. For this purpose, a polymeric prototype
was micromachined with a wingspan of 3 cm, flexible wings and a single actuator. An optimal
wings configuration was determined with a modeling and validated through experimental modal
analyses to verify the proximity of the two modes frequencies. A dedicated lift force measurement
bench was developed and used to demonstrate a lift force equivalent to the prototype weight.
Finally, at the maximum lift frequency, high-speed camera measurements confirmed a kinematics
of the flexible wings with flapping and twisting motions in phase quadrature as expected.

editor’s  choice Copyright c⃝ EPLA, 2018

Introduction. – Among flying species observed in na-
ture, insects certainly demonstrate the most impressive
capacities in terms of hovering, backward flight or sud-
den acceleration, and their diversity offers multiple solu-
tions for bio-inspired systems. The understanding of insect
flight has improved considerably and it is well known
that lift results from a wide array of unconventional aero-
dynamic mechanisms [1] as well as specific kinematics
induced by the flexible characteristics of the wings [2].
More precisely, as illustrated in fig. 1 through the generic
periodic motion of the wing cross section in the chord
direction, insect wings kinematics relies on the combina-
tion of four basic motions: the downstroke, the supina-
tion, the upstroke and the pronation [3,4]. In the case
of flexible wings, the up and downstrokes involve a flap-
ping motion, corresponding to a change of stroke angle θ,
whereas supination and pronation result in a twisting mo-
tion, a change in angle of attack ϕ, in quadrature with the
previous one. This phase quadrature, i.e., when the ampli-
tude is maximal for one motion it is null for the other, pro-
duces aerodynamic forces and contributes to generate lift.

As already mentioned, a key element of insect flight is
the flexibility of the wings structure that often changes
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Fig. 1: (Colour online) Insect wings motion: (a) wing path de-
scribed by looking at a particular section of the wing (in red)
with the dots representing the leading edge; (b) tracking of this
wing section during up and downstrokes demonstrating their
translational motion and showing slope reversal due to prona-
tion and supination interpreted as rotational motion; (c) trend
in evolution of stroke angle θ (flapping) and angle of attack
ϕ (twisting) in quadrature over time [5,6].
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Figure 1: Left: Prototype of nano air vehicle (NAV) with SU-8 skeleton, Parylene C wings and electromagnetic
actuator with a total mass of 22 mg and 22 mm wingspan. Right: Insect wings motion: (a) wing path described
by looking at a particular section of the wing (in red) with the dots representing the leading edge; (b) tracking
of this wing section during up and downstrokes demonstrating their translational motion and showing slope
reversal due to pronation and supination interpreted as rotational motion; (c) trend in evolution of stroke angle
θ (flapping) and angle of attack φ (twisting) in quadrature over time. Both figures from 1.

1Faux et al. (2018) EPL 121, 66001;
2Chin & Lentink (2016) J. Exp. Biol. 219, 920-932
3Bomphrey & Godoy-Diana (2018) Curr. Opin. Insect Sci. 30, 26?32
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at characterizing the deformation kinematics of the vibrating wings, in conjunction with the PIV measurements,
in order to elucidate the specific problems of unsteady aeroelasticity at play.

The hosting team at PMMH is partner of a project financed by the ANR ASTRID program dedicated
to the development of a nanodrone based on vibrating wings control. The project involves other teams at
IEMN (Valenciennes) and ENSAM (Lille) with whom the postdoctoral researcher will need to collaborate. In
particular, current efforts devoted to measuring the aerodynamic force produced by the vibrating wings are
expected to be analyzed in conjunction with the PIV flow field measurements.

Required skills

The ideal candidate should have a PhD in physics or engineering with a strong appetite for experimental work.
Experimental fluid mechanics/aerodynamics skills are a must for this project. In particular, prior experience
with PIV in wind tunnels will be appreciated.

Hosting laboratory

The postdoctoral researcher will be based in the Sorbonne Université Pierre et Marie Curie Campus (Jussieu) in
Paris, at the PMMH laboratory. PMMH (Physique et Mécanique des Milieux Hétérogènes) is a joint lab (UMR)
of ESPCI Paris-PSL, CNRS, Sorbonne Université and Université Paris Cité with a multidisciplinary approach
in the fields of fluid and solid mechanics (engineering), physics, biology and also chemistry. The lab is composed
of a vibrant community of ∼80 people: 30 permanent researchers and faculty, 7 technical and administrative
staff, about 30 PhD students and 6 to 8 post-doctoral students. The laboratory also welcomes around 25 foreign
visitors per year. The hosting team (Biomimetics and Fluid–Structure Interaction, aka BIOMIM), composed at
the moment of 2 permanent researchers, 6 PhD students and 2 postdocs, has been working for a few years in the
physics of bio-inspired fluid–structure interactions, mainly focusing on problems of locomotion at intermediate
Reynolds numbers, such as flapping flight and undulatory swimming, and in wind and wave energy conversion.

Laboratoire PMMH
Physique et Mécanique des Milieux Hétérogènes
CNRS (UMR 7636), ESPCI Paris–Université PSL
Sorbonne Université, Université Paris Cité
Barre Cassan Bât A 1er étage Case 18
7 Quai Saint Bernard, 75005 Paris, France
tel 01 40 79 47 16

How to apply

Applications through the CNRS employment portal:
https://emploi.cnrs.fr/Offres/CDD/UMR7636-FREAUG-025/Default.aspx?lang=EN

Please include in your CV contact information for references.
Informal inquiries welcome by e-mail: ramiro@pmmh.espci.fr, bthiria@pmmh.espci.fr
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