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ABSTRACT

Dual-bell nozzle can overcome the performance losses of the conventional bell-shaped
nozzles which induced by off-design operations with either over-expanded or
under-expanded exhaust flow and minimize the losses of the specific impulse. In United
States, Rocketdyne analyzed thrust characteristics according to the shape of the expansion
nozzle and NASA conducted hot firing tests with various altitudes. DLR, which is one of
the research institute of the Europe, is carrying out research for the different cases of
inflection angle, nozzle length and expansion ratio. MAI of Russia applied the slot nozzle to
the expansion region in order to reduce the performance losses. In Asia, both the Japan and
the India are researching on the dual-bell nozzle and Mitsubishi cooperation of the Japan
registered its patent. In this paper, concepts and performance of dual-bell nozzle, which can
compensate altitude, are investigated and trends of current research are summarized. It is
necessary for Korea to research on the dual-bell nozzle for lucrative space development.
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Fig. 1. The dual-bell nozzle and its
operating mode[1]
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Table 1. History of the dual-bell nozzle[9]
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Fig. 8. Observation of the flow in extension

region with color schlieren: (a)NPR=
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Table 3. Comparison of local front velocity
with pressure gradient[15]
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Fig. 14. Leakages of gas through a slot[18]

Table 4. Leakages of gas through a slot[18]

Ratio of Leakages
ambient flow
ressure rate
topsea level [kg/s] ko/s 7
pressure
1 0.5408 - -
0.1 0.5412 | -0.000638 | 0.1180
0.01 0.5410 | -0.001280 | 0.2366
0.001 0.5410 | -0.001290 | 0.2384
0.0001 0.5410 | -0.001296 | 0.2396
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