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Experimental and numerical investigation of core and bypass flow mixing
characteristics in variable-bypass-ratio afterburner/ram combustor
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Abstract: The variable-bypass-ratio afterburner/ram combustor of a variable cycle engine was
investigated through scaled-model flow experiments and full-scale three-dimensional numerical
simulations. The purpose of the research was to reveal the internal flow characteristics under different
bypass ratios (BPR) and parallel mixer exit area ratios, while quantitatively evaluating key parameters
including velocity non-uniformity, mixing loss, and peak outer casing temperature of the heat shield
cooling channel. The results showed that, compared with the uniform flow at the core flow inlet, the
introduction of swirl enhanced shear mixing between the rotating core flow and the bypass stream. Under

severe conditions, this caused partial ingress of high-temperature core fluid into the heat shield cooling
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channel, resulting in localized temperatures as high as 812.97 K on the outer casing. The use of a parallel
mixer effectively controlled the total pressure loss in the afterburner/ram combustor, maintaining it within
3.5%. The bypass-to-core exit area ratio served as a critical parameter. An appropriate area allocation
ensured sufficient bypass airflow entered the cooling passage while providing adequate momentum to
suppress flow separation at the inner side of the heat shield inlet. Under small bypass ratio conditions,
increasing the bypass-to-core exit area ratio reduced the cooling flow rate by approximately 20%, which
can impair the cooling effectiveness of the heat shield. Additionally, the low-momentum bypass flow
struggled to overcome the adverse pressure gradient, leading to the formation of a recirculation zone on the
inner side of the heat shield and worsening the radial velocity non-uniformity upstream the flame holder to
a range of 0.10—1.20, adversely affecting afterburner performance. In contrast, under large bypass ratio
conditions, an excessively small bypass-to-core exit area ratio increased the mixing loss to 3.16%. As the
bypass-to-core exit area ratio increased, the matching between the core and bypass flows improved, and
the velocity non-uniformity narrowed to a range of 0.85—1.07, demonstrating superior overall

performance.
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Fig. 1 Afterburner/Ram combustor geometric model
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Fig.2 Experimental system diagram
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Fig. 3 Physical map of test section
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Table 1 Inlet and outlet parameters for the experimental model
I HNEA RN
R /kPa
Gnin/ (kg/s) T,/K pui/kPa Gonin/ (kg/s) T,./K Pur/kPa P
/INERIE 0.56 313.15 376.94 1.76 731.15 378.51 367.5
KIAIE L 0.90 313.15 356.51 1.47 653.15 349.24 336.6
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Fig. 7 Comparison of CFD and experimental data at the mixer

downstream cross-section
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Table 2 Comparison of CFD and experimental parameters
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Fig. 9 Contour plots of velocity and temperature at the core duct inlet plane
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Fig. 15 Contours of temperature on the central symmetric plane
under low bypass ratio (with different mixer

exit area allocations)
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Fig. 17 Contours of velocity on the central symmetric plane
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(a) 4,4/4=0.14 (b) 4,/4,=0.20 exit area allocations )
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Fig. 18 Contours of temperature on the central symmetric plane
under high bypass ratio (with different mixer

exit area allocations)
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Fig. 19 Velocity contours at Flame Holder upstream
cross-section under high bypass ratio

(with different mixer exit area allocations)
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Table 4 Parameter comparison table of mixer exit area effects
R A16/As p ¢ Ti-max/K ACyp ACyp
0.14 0.004 3 0.254 676.31 0.99~1.00 0.75~1.08
. 0.20 0.0015 0.156 543.46 0.98~1.01 0.32~1.11
/NBRIE L
0.22 0.0010 0.115 506.67 0.99~1.01 0.21~1.16
0.26 0.000 7 0.060 484.20 0.99~1.01 0.10~1.20
0.14 0.0316 0.438 708.73 0.97~1.02 0.75~1.27
. 0.20 0.0108 0.368 667.69 0.99~1.01 0.78~1.17
KB L
0.22 0.007 3 0.339 630.05 0.99~1.01 0.80~1.13
0.26 0.0185 0.283 593.98 0.99~1.01 0.85~1.07
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