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Motivation

CFD model 

replaces 

Aspen Model

CFD Model
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ROM replaces 

CFD Model
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Complexity

Steady StateAspen + Fluent
(APECS)

ROM on PCA

Background of Models

State Space Model

Geometry

PDAE

Flow pattern

Properties

2,3-D

Energy Balance

Chem. Reactions
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Vectors in Spaces

Input 
Space
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Definitions: Vectors and Spaces
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State 
Space

Output 
Space

Z



State Space Model 
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X+Q=

Y+F=�
General Steady state

Determine P based on the dataset only. 

Regress v(u) and w(u) with input u only. 

There are no PDEs or ODEs any more
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POD (Proper Orthogonal Decomposition )

Karhunen-Loeve Decomposition

PCA (Principal Component Analysis) 
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1. Build Database
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2. Decomposition :     Y=USV
T
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3. Determine Coefficients
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PDE ODE



PCA and ROM based on PCA
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3. Result of PCA 
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2. Determine rank r:  Cut-off criterion

S2

r n

�$�%� =1. Singular Value Decomposition (SVD)

ROM Based on PCA
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Mapping with Neural Network

u W
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Case Study : Gas turbine combustor

Geometry & mesh of the combustor

Typical temperature field in the combustor
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Interest area of 
temperature field
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Ranges of inputs for the  Combustor with FLUENT

1000300Inlet Temperature [K].u10

25.010.0Inlet Mass Flow Rate [Kg/s].u9

0.020.0Inlet Mass fraction of Ar [-]u8

0.040.0Inlet Mass fraction of CH4  [-]u7

0.060.0Inlet Mass fraction of H2O [-]u6

0.040.0Inlet Mass fraction of H2    [-]u5

0.250.10Inlet Mass fraction of O2    [-]u4

0.010.0Inlet Mass fraction of CO   [-]u3

0.040.0Inlet Mass fraction of CO2 [-]u2

2.21.4Operation. Pressure  [MPa]u1

MaxMinBoundary conditions



Procedures to develop ROM 

Assemble the ROM with PC and trained nnet.
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Comparison of Results 
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Compare Temperature fields Qualitatively
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Compare Outlet Temperature  Quantitatively

CPU time:

average CPU time per case in Fluent    ~2000 sec

Each case in ROM       < 1 sec
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Conclusions

The methodology avoids the need to further manipula te 
complicated PDEs (unlike POD)

The methodology of ROM based on PCA takes full 
advantage of commercial packages and retains the 
complexities of CFD 

The resulting ROMs are expected to remain valid ove r entire 
iterative simulation or optimization cycle

Dramatic CPU savings of ROM makes APECS more effici ent 
and effective


