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Numerical Simulation Study on the Influence of Nozzle on

Thrust Performance of Underwater Detonation Engine

GU Jin,KANG Yang" ,LI Ning, HUANG Xiaolong, LI Can, WENG Chunsheng
(National Key Laboratory of Transient Physics,Nanjing University of Science and Technology ,Nanjing 210094, China)

Abstract: To study the thrust performance of underwater detonation engine ( UDE) ,the thrust calculation
method for the simplified UDE model was derived. Based on the VOF multiphase-flow model ,the UDE with
different nozzle-configurations using air as oxidant and gasoline vapor as fuel was numerically simulated.
The thrust source of UDE and the propulsion performance of the engines under different equivalence ratios
and nozzle configurations were discussed. The results show that the thrust sources of UDE mainly include
three parts: internal thrust wall, annular thrust wall and nozzle wall. The thrust of internal thrust wall
contributes more than 67% to total thrust,and the thrust of annular thrust wall contributes more than 16% to
total thrust. The complex wave system and detonation products at the engine outlet interact with the engine
wall , creating multiple peaks in the thrust curve of UDE. After installing different nozzles, the nozzles have a
significant effect on the improvement of thrust performance. The convergent nozzle can enhance the intensity
of the reflected shock wave of underwater detonation, but the negative thrust brought by the nozzle wall
reduces the specific impulse and average thrust by 11.31% compared with the straight nozzle. The expansion
nozzle weakens the transmission shock wave and reflection shock wave of underwater detonation, but the
increase of the pressure area of the nozzle increases the specific impulse and average thrust by 28.09%
compared with the straight nozzle , significantly improving the propulsion performance of UDE.
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Fig.5 Diagram of detonation tube model
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tube with convergent nozzle
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