
22nd AIAA Applied Aerodynamic Conference and Exhibit

August 16–19, 2004/Providence, Rohde Island

Time-Domain Aeroelastic Simulation by a Coupled

Euler and Integral Boundary-Layer Method

Shuchi Yang∗, Zhichao Zhang †, Feng Liu‡, Shijun Luo§

Department of Mechanical and Aerospace Engineering
University of California, Irvine, CA 92697-3975

Her-Mann Tsai¶

Temasek Laboratories
National University of Singapore

Kent Ridge Crescent, Singapore 119260

David M. Schuster‖

Aeroelasticity Branch
NASA Langley Research Center, Hampton, VA 23681

An interactive boundary-layer method that solves the unsteady Euler equations coupled
with Green’s lag entrainment integral boundary-layer equations is presented for time do-
main aeroelastic computation. The three-dimensional unsteady Euler equations are solved
on stationary body-fitted curvilinear grids. Unsteady boundary conditions on moving sur-
faces in an aeroelastic problem are accounted for by using approximate small-perturbation
method without moving the computational grid. A semi-inverse method is used to couple
the Euler and the boundary-layer solutions in order to compute flows with strong inviscid
and viscous interactions. The method is tested on standard steady transonic flow compu-
tations for the NACA0012 and RAE2822 airfoils and computations of three-dimensional
steady and unsteady flows of the LANN Wing. Comparisons with Navier-Stokes results
and available experimental data show that the interactive-boundary-layer method pro-
vides significant improvement over inviscid calculations by the Euler equations alone. The
proposed method is used to predict the flutter boundary for the Isogai wing test case
through time domain simulations. The interactive boundary-layer result agrees with that
by a Navier-Stokes solver and indicates fundamental differences between the viscous and
inviscid solutions in the transonic range.

I. Introduction

Flutter is one of the most critical technical problems for the aircraft and it effects the reliability, cost
and safety of the vehicle. It is a catastrophic aeroelastic phenomenon that must be avoided at all costs.1 In
order to understand this complex phenomenon, we need to model both fluid and structure by coupling the
fluid dynamics solver and the structural dynamics solver. During the coupling process, we need to solve the
structure and fluid governing equations at the same time (fully coupled) or alternatively (loosely coupled)
at each time step. After each step the aerodynamic forces and structured deformation need to be transfered
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