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Top: NCC computations of the 35° co-rotating swirler. Pressure drop, 4 percent;
atmospheric pressure; cubic, nonlinear k-e turbulence model; low-Reynolds-number wall
treatment. Bottom: Laser Doppler velocimetry measurements of the 35° LDI swirler.
Static pressure drop, 4 percent; atmospheric pressure.

Long description of figures The figures compare the recirculation zone by visualizing the
isosurfaces calculated by the NCC (top) and measured by laser Doppler velocimetry
(bottom). The two isosurfaces are nearly identical. This visualization shows that the NCC
does compare well with experimental data.

Most combustion processes have, in some way or another, arecirculating flow field. This
recirculation stabilizes the reaction zone, or flame, but an unnecessarily large recirculation
zone can result in high nitrogen oxide (NO,) values for combustion systems. The size of
this recirculation zone is crucial to the performance of state-of-the-art, low-emissions
hardware. If thisis a large-scale combustion process, the flow field will probably be
turbulent and, therefore, three-dimensional. This research dealt primarily with flow fields



resulting from lean direct injection (LDI) concepts, as described in Research &
Technology 2001 (ref. 1). LDI is a concept that depends heavily on the design of the
swirler. The LDI concept has the potential to reduce NOy values from 50 to 70 percent of
current values, with good flame stability characteristics. It is cost effective and (hopefully)
beneficial to do most of the design work for an LDI swirler using computer-aided design
(CAD) and computer-aided engineering (CAE) tools. Computational fluid dynamics
(CFD) codes are CAE tools that can calculate three-dimensional flows in complex
geometries. However, CFD codes are only beginning to correctly calculate the flow fields
for complex devices, and the related combustion models usually remove alarge portion of
the flow physics.

The National Combustion Code (NCC) is a state-of-the-art CFD program designed
specifically for combustion processes. The features of NCC pertaining to this study are (1)
the use of unstructured grids (ref. 2), (2) massively parallel computing-with almost
perfectly linear scalability (ref. 3), (3) adynamic wall function with the effect of an adverse
pressure gradient (ref. 4), (4) low-Reynolds-number wall treatment (ref. 5), and (5) a
cubic nonlinear k-e turbulence model (refs. 6 and 7). The combination of these featuresis
usually not available in other CFD codes and gives the NCC an advantage when
computing recirculating turbulent flows. These features need to be validated before the
NCC is accepted as adesign tool. The NCC was previoudy benchmarked for smple flows
(ref. 8), and large-scale validations are being conducted (ref. 9).

The purpose of this study was to quantify how well the NCC calculates a turbulent, three-
dimensional, recirculating flow field. The comparison was against three-dimensional laser
Doppler velocimetry (LDV) measurements on a prototype LDI swirler (ref. 10). This
configuration used nine groups of eight holes drilled at a 35° angle to induce swirl. These
nine groups created swirl in the same direction, or a co-rotating pattern. The static
pressure drop across the holes was fixed at approximately 4 percent. Computations were
performed on one-quarter of the geometry, because the geometry is considered
rotationally periodic every 90°. The final computational grid used was approximately 2.26
million tetrahedral cells, and a cubic nonlinear k-e model was used to model turbulence.
The NCC results were then compared with time-averaged LDV data. The LDV
measurements were performed on the full geometry, but four-ninths of the geometry was
measured. One-, two-, and three-dimensional representations of both flow fields are
presented. The NCC computations compare both qualitatively and quantitatively well with
the LDV data, but differences exist downstream. The comparison is encouraging and
shows that NCC can be used for future injector design studies.

Find out more about the research of Glenn's Combustion Branch,
http://www.gr c.nasa.gov/WWW/combustion/
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