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ABSTRACT 

 

Accurate fluid-structure interaction (FSI) analysis for a fixed wing aircraft is often conducted 

with computational fluid dynamics (CFD) especially Euler and Navier-Stokes CFD. With 

such nonlinear CFD schemes, highly accurate analysis considering nonlinear phenomena such 

as flow separation and re-attachment at large angles of attack and transonic shock is possible. 

However, such CFD techniques cannot be used for preliminary design stage as they require 

extremely large computing resources to execute a parametric study. As an effort to alleviate 

these drawbacks, reduced order models (ROM) are generated using the proper orthogonal 

decomposition (POD) scheme. Using POD-ROM, the transient flow field is reduced into 

several POD modes and corresponding temporal coefficients. With such POD modes and 

temporal coefficients, flow field can be reconstructed. In this study, a cylinder and two-

dimensional airfoil under limit cycle oscillation (LCO) is considered. POD-ROM is used to 

reconstruct flow field of a cylinder and LCO of airfoil. As a result, required computational 

resources are reduced significantly. 

 

POD-ROM 

 

To verify the current scheme of POD-ROM, flow field around a cylinder is considered. The 

cylinder experiences uniform flow of 10m/s with Reynolds number of 1,000. Full order model 

is generated with OpenFOAM v1906 and analysis conditions is shown in Figure 1. 

 
Figure 1. Analysis condition of a cylinder  

 

With sufficiently converged full order model results, snapshot matrix that consists of full 

order model results is created. The snapshot matrix is generated with 10seconds of CFD data 

with 0.01 second intervals. Using 18 POD modes that represent 99.97% of energy, the flow 

field is reconstructed with corresponding temporal coefficients. First two POD modes and 

average flow are shown in Figure 2. The full order model flow field and reconstructed one are 

shown in Figure 3. 



   
(a) Mode 1 (b) Mode 2 (c) Average flow 

Figure 2. POD modes of a cylinder 

  
(a) Full order model flow field (b) Reconstructed flow field 

Figure 3. Full order model and reconstructed flow field around a cylinder 

 

As shown in Figure 3, the reconstructed flow field matches well with full order model flow 

field. Computational time was reduced significantly as the full order model took 52 minutes to 

compute 10 seconds of flow field whereas POD-ROM only required 8.2 minutes to 

decompose POD modes, calculate temporal coefficients and reconstruct the flow field. 

In the future, POD-ROM will be used to reconstruct the flow field around two-dimensional 

airfoil with pitch movement experimented by Poirel et. al[1]. The full order model and 

snapshot matrix will be generated with OpenFOAM using overset mesh as shown in Figure 4. 

With POD-ROM developed, the flow field will be reconstructed and tested. The ROM is 

expected to accurately represent the full order model and be computationally efficient. 

 
Figure 4. Flowfield around airfoil in LCO 
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