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OBJECTIVES

Context
F Advanced Turbine System performance

depends crucially on the combustor
performance

F Computational tools play a central role in the
design of combustors

F Detailed chemistry computations---essential for
modelling pollutants (e.g., NOx and CO)
extinction etc.---are prohibitively expensive
using existing approaches

ATS99/3



Cornell University

OBJECTIVES

F To develop a methodology for the efficient
implementation of detailed combustion chemistry
which

− can be applied to any detailed mechanism

− is efficient with controlled accuracy

− requires minimal human effort to apply

F To test thoroughly the methodology with different
mechanisms for simple flows under different
thermodynamic conditions

F To use the methodology in existing PDF codes for
lean premixed combustion in combustor geometries
for which there are benchmark quality experimental
data
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OBJECTIVES

The research will aid the development of efficient
combustor design tools.  The new methodology
addresses the following ATS industry needs:

F Reliable prediction of performance parameters for
combustors, e.g.,

− efficiency

− exit and wall temperature

− ignition, lean blow out and stability

F Accurate predictions of the generation of pollutants
such as NOx, CO and UHC
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METHODOLOGY: OVERVIEW
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METHODOLOGY:   ISAT/ILDM

F ISAT does not provide dimension reduction

F Work and storage proportional to N2 (where

NS is the number of species)

F Combine ISAT with ILDM (intrinsic low-
dimensional manifolds) to reduce number 
of degrees of freedom to NR < NS

F Example: GRI 2, NS = 49

ISAT/ILDM with NR = 10

Work and storage reduced by factor of 25
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RESULTS
F  Piloted Jet Methane Flames

(Barlow & Frank 1998)

F  Velocity-frequency-composition PDF

     method

F  Augmented Reduced Mechanism
16-species w/o NOx

19-species w/ NOx

(Sung, Law & Chen 1998)

F  ISAT Algorithm

F  Mean profiles, scatter plots, burning

     index (B.I.)
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COMPUTATIONAL DETAILS

F 60 x 60 grid

F 100 particles/cell

F 2,000 time steps

F 0.7 x 109 particle steps

F CPU time: 6 days on 5 Intels (Pentium II)

F ISAT speed-up: x 40 (est.)
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CONCLUSIONS

F PDF/ISAT methodology provides accurate
calculations, including minor species and local
extinction.

F ISAT methodology refined, tested and
demonstrated at Cornell

F ISAT code combined with PDF combustor code
at Rolls-Royce Allison

F Algorithm for ISAT/ILDM developed

F University/industry collaboration through
research and summer interns


