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Analysis of the aspiration drag in dual-bell nozzles

during separation operating mode
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Abstract; The performance of dual-bell nozzles is affected by the aspiration drag generated in the
recirculation zone during low-altitude operation. Dual-bell nozzles with different design parameters were
studied by simulation to gain the aspiration drag at various flight altitudes. Results show that the
aspiration drag does not always decrease with the increasing flight altitude as existing research reported.
The aspiration drag of dual-bell nozzles with negative wall pressure gradient extension decreases with
increasing flight altitude, while the aspiration drag of dual-bell nozzles with zero and positive wall

pressure gradient extensions firstly decreases and then increases with the increase of flight altitude, and
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the inflection altitude appears at 2 km. These phenomena are caused by opposite varying trends for the

axial size of the recirculation zone and the difference between the ambient pressure and the wall pressure

in the recirculation zone during the ascent of flight altitude O —8 km. Moreover, the aspiration drag can

be reduced by increasing the length and area ratio of the base section and decreasing these parameters of

nozzle extensions, the reduction in drag coefficient is about 1% —2% .

Keywords : dual-bell nozzles; aspiration drag; flow separation; mach reflection; regular reflection
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Fig.1 Dual-bell nozzles with various wall

pressure distributions of extensions
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Fig.2 Dual-bell nozzles with various lengths

of base nozzles
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Fig.3 Dual-bell nozzles with various aero ratios

of base nozzles
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Tab.1 Geometric parameters of dual-bell nozzles

EPG L/R,, & L./Ry, & 6,/(°) o/(°) 6./(°)

NP 15.94 40 14.33 100 7.58 10.42 14.40

cp 15.94 40 14.33 100 7.58 15.10 7.60
PP0.000 5 15.94 40 14.33 100 7.58 17.67 5.14
PP0.001 0 15.94 40 14.33 100 7.58 20. 66 2.90
PP0.001 5 15.94 40 14.33 100 7.58 24.27 0.80
PP0.001 5 12.97 40 14.33 100 11.41 19.77 0.42
PP0. 001 5 13.96 40 14.33 100 9.97 21.24 0.62
PP0. 001 5 14.95 40 14.33 100 8.85 22.73 0.74
PP0.001 5 8.63 15 10.97 100 8.70 42.17 12.52
PP0O. 001 5 10.41 20 10.97 100 8.34 39.77 10.76
PP0.001 5 11.99 25 10.97 100 8.08 37.40 9.13
PP0.001 5 13.41 30 10.97 100 7.82 34.90 7.63
PP0. 001 5 14.72 35 10.97 100 7.81 32.29 6.23
PP0.001 5 15.94 40 10.97 100 7.58 29.60 4.90
PP0O. 001 5 17.09 45 10.97 100 7.62 26.92 3.63
PP0. 001 5 18.17 50 10.97 100 7.58 24.29 2.40
PP0.001 5 15.94 40 9.30 100 7.58 35.75 7.36
PP0O. 001 5 15.94 40 12.65 100 7.58 26.28 2.71
PP0. 001 5 15.94 40 14.33 100 7.58 24.27 0.80
PP0.001 5 15.94 40 7.83 80 7.58 25.88 7.07
PP0.001 5 15.94 40 9.45 90 7.58 27.76 5.92
PP0.001 5 15.94 40 12. 44 110 7.58 31.42 3.95
PP0.001 5 15.94 40 13.83 120 7.58 33.24 3.07
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