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4 Round
holes

8 5.1 0.905 in.

Quench section
diam, 

in.

Orifice
geometry

Total 
number of 

orifices

Total orifice
opening
area, in.2

Schematic 
of orifice

4 45° slot 8 5.1

0.33 in.

4 Rain
drop

8 4.1
1.56 in.

0.63 in.

3 Round
holes

8 3.3 0.73 in.

4 Round
holes

11 5.1

4 2 rows of
in-line 
roundholes

16 3.3
0.22 in.

0.685 in.

0.685 in.

1.79 in.

1.79 in.4 2 rows of
staggered
round 
holes

14 5.1

0.772 in.

0.68 in.

1.99 in.

Table 1.—Specifications of mixing orifice configurations.
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Figure 2.—Photo of RQL flame tube test rig.

Figure 3.—Rich burner module with castable liner.
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Figure 5.—Conceptual sketch of Parker Airblast Low NOx (Phase I).

Figure 4.—Quick mixing module with castable liner.
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Figure 6.—Conceptual sketch of Textron fuel nozzle cross-section.

Figure 7.—Parker Hannifin multiple simplex swirl air fuel injector.
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Figure 8.—Axially staged combustor test facility.

Figure 9.—Schematic diagram of RQL rig flow controls.
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Figure 10.—NOx emissions data at supersonic cruise conditions as a function of combustor 
   exit temperatures.

Figure 11.—NOx emissions data at supersonic cruise conditions as a function of severity factor.
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Figure 12.—Unburned hydrocarbon emissions data at supersonic cruise conditions as a function 
   of combustor exit temperatures.
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Figure 13.—CO emissions data at supersonic cruise conditions as a function of combustor 
   exit temperatures.
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Figure 14.—Chemical vs. mechanical fuel-air ratios of combustor performance data.
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Figure 15.—Influence of fuel injectors on NOx emissions at supersonic cruise conditions.
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Figure 16.—Influence of quick mixing orifice geometry on NOx emissions at supersonic 
   cruise conditions.
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Figure 17.—Influence of quick mixing orifice geometry on CO emissions at supersonic 
   cruise conditions.
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Figure 18.—Effect of number of orifices, staggered, and in-line multiple configerations NOx 
   emissions data at supersonic cruise conditions.

Figure 19.—Effect of number of orifices, staggered, and in-line quench configerations CO
   emissions at supersonic cruise conditions.
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Figure 20.—Influence of reduced quick mixing flow area on NOx emissions at supersonic 
   cruise conditions.

Figure 21.—Influence of reduced quick mixing flow area on CO emissions at supersonic 
   cruise conditions.
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Figure 23.—Calculated fuel-air radial profile downstream of 11 round hole 
   quick mixing section (centerline = 0).
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Figure 22.—NOx emission radial profile downstream  of 11 round hole quick mixing 
   section (centerline = 0).
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Figure 25.—Smoke radial profiles and smoke emissions downstream of 
   14 staggered round hole mixing section (centerline = 0).
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Figure 24.—CO emission radial profile downstream of 11 round hole 
   quick mixing section (centerline = 0).
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