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研究背景
デトネーションとは衝撃波を伴い予混合気中を超音速で伝播する燃焼波である。

燃焼形態としてデトネーション燃焼器の開発が盛んに行われている．

円盤型回転デトネーション燃焼器（disk	shaped	RDC）

• 閉端側の壁面から燃料と酸化剤が異なる注入口から供給される．
• 燃焼器内を光学的に可視化が可能である．

デトネーションの伝播に影響を与える要因
• 燃料および酸化剤の供給によって，未燃ガスと既燃ガス

が交互に存在する事で生じる不均一性
• 燃焼器形状の曲率

デトネーション燃焼器の実現のためには液体燃料の使用が必須である．
しかし，気液二相デトネーションに関する知見が不足している．
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Form 1-4 
Step (3) October - December 2018: Based on the results obtained in Step (2), namely the conditions at which a stable 
propagating detonation is achieved, the effect of the combustion chamber curvature will be analyzed.  
 
Step (4) January - March 2018: Analysis of results and assessment of future/alternative directions based on the results 
obtained so far. Effect of chemistry on detonation propagation characteristics and stability.  

 
 

 

 
5� Research results: 
For a continuing research project, please provide a summary of results obtained to date from this joint research. A table has been provided below for you to 
list the publications and presentations, so in the descriptions please properly refer to them. 

� Not applicable as this research project is new project. 
 

6� Concrete research plan of a research project in close cooperation with multiple JHPCN member Institutions or 
using both large-scale data and a large capacity network 

If you wish reviews based on attention 	 of "1. Joint Research Areas" in the call for proposals, please click a checkbox below and describe a concrete 
cooperation plan and its strong point in case of a research project in close cooperation with multiple JHPCN member institutions, and/or a concrete plan to 
use the very wide bandwidth network and massive data transfer in case of a research project using both large-scale data and a large capacity network.   
� A Research project in close cooperation with multiple JHPCN member institutions 
� A Research project using both large-scale data and large capacity networks 

 
7� Are there anything that require the cooperation of a research group or researchers affiliated at JHPCN member 

institutions to promote the joint research? If so, please explain concretely your requirements: 
Nothing special 
 

8� Protection of Human Rights and Compliance with Laws and Regulations  
Describe the measures and actions that you will take if your research involves compliance with the related laws and regulations (e.g. research requiring the 
consent and the cooperation of the other party, research requiring consideration for the handling of personal information and research requiring efforts 
regarding bioethics and safety measures when implementing the research plan). This applies to surveys, research, experiments which require an approval 
procedure in an ethics committee inside and outside the research institution, such as for example questionnaire surveys and interview surveys in which 
personal information is involved, the use of provided samples, analysis study of the human genome, recombinant DNA experiments, experiments on 
animals, etc. Please indicate where this is not applicable. 

Not applicable 
 

9� Other matters: 
If you should wish to apply for an industrial joint research project, please describe a specific plan for industrial applications as well. 

Nothing special 
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Fig. 2 Simulation results in two-dimensional channel

Table 1: Flowchart of the research project 

Step (1) April – May 2018 Consider conditions and combustor shape of stable detonation 

propagation  

Computation of the case without curvature as the reference case 

Step (2) June-September 2018 Parametric study (effect of the width of the inert gas) 

Step (3) October-December 2018 Parametric study (effect of the curvature of the combustor) 

Step (4) January 2019-March 2019 Analysis of the results, and reassessment of research directions 

based on the results obtained so far 

 

Fresh mixture Inert gas
Fig. 1 Schematic diagram of calculation target

Step 1. (Apr. – May) Consider conditions and combustor shape 
where the detonation propagates stably.
Calculate the case without curvature as the reference data.

Step 2. (Jun. – Sep.) Parameter study (the effect of the width of inert gas)

Step 3. (Oct. – Dec.) Parameter study (the effect of the curvature of the combustor)

Step 4. (Jan. – Mar.) Reinforce the results after receiving results so far.

Table 1. Flowchart of the research project 

研究目的

水液滴が噴霧された混合気中を伝播する気相デトネーション

• 衝撃波による高温下での燃焼
• 衝撃波による断熱圧縮
• 伝播速度が超音速

• 理論熱効率の向上
• 圧縮機の簡略化・省略
• 小型化

円盤型回転デトネーション燃焼器

デトネーションエンジンの実用化を目指し大規模数値解析を実施する事で
• 混合気の不均一性と燃焼器形状が円盤型デトネーション燃焼器内を伝播するデトネーションに

与える影響を解明する．
• 気液二相デトネーションの伝播挙動とその構造を解明する．

デトネーション燃焼器の性能に影響する

円盤型回転デトネーション燃焼器
内部を模した計算対象

右図に示すような円盤型デトネーション燃焼器内部に未燃気体と
不活性気体を交互に配置し，デトネーションの伝播を調査する．

パラメータ
• 不活性気体の幅
• 燃焼器の曲率
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混合気の不均一性と燃焼器形状が与える影響

w/o water droplet w/ water droplet
Gas Temperature [K]

300 3500Eulerian-Lagrangian手法に基づく二次元数値解析を実施した，

• 水液滴が噴霧された混合気中を伝播する
気相デトネーションの再現に成功した．

• 気相デトネーションと液滴の蒸発には
相関関係がある事を示した．

• 水液滴が噴霧された混合気中を伝播する
気相デトネーションの構造を解明した．
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気液二相デトネーションの概要図


