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zone, 70% through the quench system and 6% for lean zone liner cooling.  Figure II-2 shows the rich 
zone operating characteristics, on a stoichiometry diagram, for a fixed geometry combustor that 
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the influence of the supporting non-reacting evaluations of models of those components while the results 
of the combustion test program are discussed in Section VI. Conclusions presented in Section VII. 
 

NASA/CR—2005-213328 5



NASA/CR—2005-213328 6



Inlet Total 
  

Inlet Total 
 

Overall 
 

NASA/CR—2005-213328 7



NASA/CR—2005-213328 8



NASA/CR—2005-213328 9



NASA/CR—2005-213328 10



NASA/CR—2005-213328 11



NASA/CR—2005-213328 12



 
incorporated a double wall construction with an internal water jacket.  The 8-inch nominal pipe size 
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the swirl angle in the inner passage has been increased from 50-degrees to 60-degrees.  The inner swirler 
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valve in both configurations was partially open to an intermediate position where the net effective flow
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of low pressure, pre-filming fuel systems, in which the hydraulics of the fuel passage at low flow rates 
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For example configurations HSCT1 and 
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of the subsonic cruise condition, 165.6 pph, but that these tended to coalesce when fuel flow was 
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so that more air would be introduced on the 
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characterized by upstream, reversed or recirculating flow on the centerline to a flow field with 
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injector.  In fact, measurements indicated that no recirculation was apparent as far downstream as 0.25 
 favorably to those obtained with prior injectors.  It is evident that the compositional uniformity of the 
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mode idle condition, NOx emissions are considerably lower and carbon monoxide an order of magnitude 
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favorably to those obtained with prior injectors.  It is evident that the compositional uniformity of the 
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formation.  By contrast, the swirling rich zone flow structures created by the aerating injectors of prior 
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Figure III-2 Rich Zone Air Loading Schedule of a Variable Geometry RQL Combustor. 
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Sliding Dam Valve. Measurements Taken 0.25 in. Axially Downstream from Injector Face 
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ew. with SLA Outer Swirler. Forward Looking Aft Trimetric View. 
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= 0.6) 
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Nozzle 
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Holes 
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Cases 
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Cases 
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Swirler 
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The objective of the task reported herein was to define, evaluate, and optimize variable geometry concepts suitable for

use with a Rich-Quench-Lean (RQL) combustor. The specific intent was to identify approaches that would satisfy High

Speed Civil Transport (HSCT) cycle operational requirements with regard to fuel-air ratio turndown capability,

ignition, and stability margin without compromising the stringent emissions, performance, and reliability goals that this

combustor would have to achieve. Four potential configurations were identified and three of these were refined and

tested in a high-pressure modular RQL combustor rig. The tools used in the evolution of these concepts included

models built with rapid fabrication techniques that were tested for airflow characteristics to confirm sizing and airflow

management capability, spray patternation, and atomization characterization tests of these models and studies that were

supported by Computational Fluid Dynamics analyses. Combustion tests were performed with each of the concepts at

supersonic cruise conditions and at other critical conditions in the flight envelope, including the transition points of the

variable geometry system, to identify performance, emissions, and operability impacts. Based upon the cold flow

characterization, emissions results, acoustic behavior observed during the tests and consideration of mechanical,

reliability, and implementation issues, the tri-swirler configuration was selected as the best variable geometry concept

for incorporation in the RQL combustor evolution efforts for the HSCT.








