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東北大学流体科学研究所は、「流動現象に関する学理及びその応用の研究を行うこと」を

目的としており、平成 22 年度より流体科学分野の共同利用・共同研究拠点「流体科学研究

拠点」として文部科学省に認定され、平成 28 年度には同拠点「流体科学国際研究教育拠点」

として認定更新を受けている。本拠点では、物質のみならずエネルギーや情報の流れなど、

人間生活の中で避けて通れない「時間軸」と「空間軸」上で展開されるあらゆる「流動」

を対象とする「流体科学」を核として、人類社会のさまざまな重要問題を解決するため、

国内外の研究者と本研究所の教員とが協力して行う公募共同研究を実施している。本公募

共同研究では、環境・エネルギー、人・物質マルチスケールモビリティ、健康・福祉・医

療、基盤研究の 4 分野における流体科学に係わる研究課題を公募し、共同研究委員会の審

査を経て、所外研究者と本研究所の教員が共同研究を推進している。得られた研究成果は、

毎年 11 月に流体科学研究所主催で開催される国際会議における公募共同研究成果報告会

（IFS Collaborative Research Forum）において発表され、また共同利用・共同研究拠点

「流体科学研究拠点」活動報告書（平成 21 年度実施分については公募共同研究報告書）と

して公表されている。 
第 2 期中期計画期間中、公募共同研究はほぼ 100％の採択率であったが、予算が限られる

中、最終年度には採択額の充足率が 5 割を切ることになり、また拠点評価では、社会の要

請に応える課題を選別しているのかという指摘があった。このため、第 3 期中期計画期間

では、公募共同研究の採択率を絞り社会の要請に応える課題を選別して充足率を上げると

ともに、不採択の課題に対しては所長リーダーシップ経費により萌芽的な研究として支援

するリーダーシップ共同研究を開始している。また、平成 30 年度リヨンセンター（材料・

流体科学融合拠点）の設置に伴い、新たにリヨンセンター公募共同研究を開始した。 
本報告書は平成 30 年度に実施された拠点の活動を取り纏めたもので、公募共同研究の概

要、114 件の公募共同研究およびリーダーシップ共同研究の成果報告書、主な発表論文の別

刷等を収録している。本拠点は、本公募共同研究を通じて、国内外の様々な異分野の英知

を結集させ、流動現象の基礎研究とそれを基盤とした先端学術領域との融合ならびに重点

科学技術分野への応用によって、世界最高水準の多様な流動現象に関する学理の探求及び

研究を推進し、社会に貢献するとともに、次世代の若手研究者及び技術者を育成するよう

努めて参る所存である。今後ともご支援ご鞭撻をお願い申し上げると共に、本報告書につ

いて、忌憚のないご意見を頂ければ幸甚である。 
 
令和元年 10 月 

東北大学流体科学研究所長 
大林 茂 
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ᖹᡂ 30 ᖺ 11 ᭶ 8 ᪥ࠊබເඹྠ◊✲ᡂᯝሗ࿌㸦IFS Collaborative Research 

－ 1 －



Forum㸧ࢆὶయ⛉Ꮫ◊✲ᡤദࡢᅜ㝿࣒࢘ࢪ࣏ࣥࢩ AFI-2018 ࢱࣥࢭྎᅜ㝿࡚࠸࠾

ࡣᮏሗ࿌࡛ࠋࡓࡋ㛤ദ࡚࣮ 102 ௳㸦㔜Ⅼබເඹྠ◊✲ 2 ࣉ✲◊㐃ᦠබເඹྠࠊ௳

 ᅜ㝿㆟(ICFD2018)ࢫࢡ࣑ࢼࢲ15ᅇὶື➨ࠊ௳ⴌⱆබເඹྠ◊✲3ࠊ௳4ࢺࢡ࢙ࢪࣟ
OS17 ࡢ 5 126ࠊࢀࢃ⾜ࡀ⾲Ⓨ࣮ࢱࢫ࣏ࣥࣙࢩ࣮ࢸࣥࢮࣞࣉࡢ㸧ࡴྵࢆ௳ ேࡢฟᖍ⪅

┿㸦ࡓࡗ࠶ࡀ  ࠋ2㸧ࠊ1
Ⓨ⾲ࡣ࡚ⱥㄒ࡛⾜ࠊࢀࢃᾏእࡢࡽඹྠ◊✲⪅ࡶ࡚࠼άⓎ࡞㆟ㄽࠋࡓࢀࢃ⾜ࡀ 

  

┿ 1㸸ࡢࣥࣙࢩ࣮ࢸࣥࢮࣞࣉࢺ࣮ࣙࢩᵝᏊ 

  
 ┿ 2㸸ࡢࣥࣙࢩࢵࢭ࣮ࢱࢫ࣏ᵝᏊ 

 
1.3 ὶయ⛉Ꮫࢫ࣮࣋ࢱ࣮ࢹ 

Ꮫ⾡ㄽᩥ➼࡛Ⓨ⾲ࡓࢀࡉᣐⅬࡿࡅ࠾◊✲ᡂᯝࠊࡣὶయ⛉Ꮫࢫ࣮࣋ࢱ࣮ࢹⓏ㘓ࠊࢀࡉ

ὶయ⛉Ꮫ◊✲ᡤ࡛ࢪ࣮࣒࣮࣌࣍ࡢබ㛤ࡿࢀࡉ㸦http://afidb.ifs.tohoku.ac.jp/㸧ࠋᮏ࣮ࢹ

⾲ࢆᩘࢫࢭࢡᩘ௳Ⓩ㘓ࡢࢫ࣮࣋ࢱ 1  ࠋࡍ♧
 

⾲ 1㸸ὶయ⛉Ꮫࡢࢫ࣮࣋ࢱ࣮ࢹⓏ㘓௳ᩘᩘࢫࢭࢡ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 
බເඹྠ◊✲ᡂᯝࡢⓏ㘓ᩘ 67 71 90 
Ⓩ㘓῭442 552 540 ᩘ⥲ࢱ࣮ࢹࡳ 
ὶయ⛉Ꮫࡢࢫ࣮࣋ࢱ࣮ࢹ

6,042 7,154 ᩘ௳ࢫࢭࢡ 5,132 
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Forum㸧ࢆὶయ⛉Ꮫ◊✲ᡤദࡢᅜ㝿࣒࢘ࢪ࣏ࣥࢩ AFI-2018 ࢱࣥࢭྎᅜ㝿࡚࠸࠾

ࡣᮏሗ࿌࡛ࠋࡓࡋ㛤ദ࡚࣮ 102 ௳㸦㔜Ⅼබເඹྠ◊✲ 2 ࣉ✲◊㐃ᦠබເඹྠࠊ௳

 ᅜ㝿㆟(ICFD2018)ࢫࢡ࣑ࢼࢲ15ᅇὶື➨ࠊ௳ⴌⱆබເඹྠ◊✲3ࠊ௳4ࢺࢡ࢙ࢪࣟ
OS17 ࡢ 5 126ࠊࢀࢃ⾜ࡀ⾲Ⓨ࣮ࢱࢫ࣏ࣥࣙࢩ࣮ࢸࣥࢮࣞࣉࡢ㸧ࡴྵࢆ௳ ேࡢฟᖍ⪅

┿㸦ࡓࡗ࠶ࡀ  ࠋ2㸧ࠊ1
Ⓨ⾲ࡣ࡚ⱥㄒ࡛⾜ࠊࢀࢃᾏእࡢࡽඹྠ◊✲⪅ࡶ࡚࠼άⓎ࡞㆟ㄽࠋࡓࢀࢃ⾜ࡀ 

  

┿ 1㸸ࡢࣥࣙࢩ࣮ࢸࣥࢮࣞࣉࢺ࣮ࣙࢩᵝᏊ 

  
 ┿ 2㸸ࡢࣥࣙࢩࢵࢭ࣮ࢱࢫ࣏ᵝᏊ 

 
1.3 ὶయ⛉Ꮫࢫ࣮࣋ࢱ࣮ࢹ 

Ꮫ⾡ㄽᩥ➼࡛Ⓨ⾲ࡓࢀࡉᣐⅬࡿࡅ࠾◊✲ᡂᯝࠊࡣὶయ⛉Ꮫࢫ࣮࣋ࢱ࣮ࢹⓏ㘓ࠊࢀࡉ

ὶయ⛉Ꮫ◊✲ᡤ࡛ࢪ࣮࣒࣮࣌࣍ࡢබ㛤ࡿࢀࡉ㸦http://afidb.ifs.tohoku.ac.jp/㸧ࠋᮏ࣮ࢹ

⾲ࢆᩘࢫࢭࢡᩘ௳Ⓩ㘓ࡢࢫ࣮࣋ࢱ 1  ࠋࡍ♧
 

⾲ 1㸸ὶయ⛉Ꮫࡢࢫ࣮࣋ࢱ࣮ࢹⓏ㘓௳ᩘᩘࢫࢭࢡ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 
බເඹྠ◊✲ᡂᯝࡢⓏ㘓ᩘ 67 71 90 
Ⓩ㘓῭442 552 540 ᩘ⥲ࢱ࣮ࢹࡳ 
ὶయ⛉Ꮫࡢࢫ࣮࣋ࢱ࣮ࢹ

 5,132 6,042 7,154 ᩘ௳ࢫࢭࢡ

1.4 ඹྠ⏝࣭ඹྠ◊✲ᣐⅬࠕὶయ⛉Ꮫᅜ㝿◊✲ᩍ⫱ᣐⅬࠖάືሗ࿌᭩ 
ᖹᡂ 31 ᖺ 2 ᭶ࠊᖹᡂ 29 ᖺᗘࡢඹྠ⏝࣭ඹྠ◊✲ᣐⅬάືࡢᡂᯝࡓࡵࡲࡾྲྀࢆ

ඹྠ⏝࣭ඹྠ◊✲ᣐⅬࠕὶయ⛉Ꮫᅜ㝿◊✲ᩍ⫱ᣐⅬࠖάືሗ࿌᭩ࢆసᡂࠊࡋ㛵ಀᶵ

㛵⪅✲◊ࠊ㓄ᕸࠋࡓࡋሗ࿌᭩ࡢෆᐜ㸦ⴭసᶒࡢ㒔ྜࡾࡼㄽᩥูๅࡣࡾ㝖ࡃ㸧ࡣὶ

య⛉Ꮫ◊✲ᣐⅬࢪ࣮࣒࣮࣌࣍ᥖ㍕ࠋࡿ࠸࡚ࢀࡉ

㸦http://www.ifs.tohoku.ac.jp/jpn/koubo/seika.html㸧 
 
1.5 බເඹྠ◊✲ᐇ≧ἣ 
1㸧⏦ㄳ࣭᥇ᢥ≧ἣ 

୍⯡බເඹྠ◊✲ࡢ⏦ㄳ࣭᥇ᢥ≧ἣ➼ࢆ⾲ 2 ㄢ㢟ศ✲◊ࡓࢀࡉ㑅ᢥㄳ⏦ࠋࡍ♧

㔝㸦⎔ቃ࣭ࠊ࣮ࢠࣝࢿ࢚ே࣭≀㉁ࠊࢸࣜࣅ࣮ࣔࣝࢣࢫࢳ࣐ࣝᗣ࣭⚟♴࣭་⒪ࠊᇶ

┙㸧ᅜෆ/ᅜ㝿ࢆูࡢศ㢮ࠋࡓࡋ⾲ 3 ⴌⱆࠊࢺࢡ࢙ࢪࣟࣉ✲◊ᅜ㝿㐃ᦠබເඹྠࡣ

බເඹྠ◊✲ࡧࡼ࠾㔜Ⅼබເඹྠ◊✲ࡢ⏦ㄳ࣭᥇ᢥ≧ἣࠋࡍ♧ࢆ⾲ 4 ࡢᣐⅬάືࡣ

୍㒊㸦⮬ᕫ㈇ᢸࡢࡶࡿࡼ㸧࡚ࡋ㛤ጞࣉࢵࢩ࣮ࢲ࣮ࣜࡓࡋඹྠ◊✲ࡢᐇ≧ἣࢆ♧

 ࠋࡍ
 

⾲ 2㸸୍⯡බເඹྠ◊✲ࡢ⏦ㄳ࣭᥇ᢥ≧ἣ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 99 101 105 

᥇ᢥᩘ㸦௳㸧 69 70* 77 

ᅜෆ࣭ᅜ㝿 
ᅜෆ 44 44 38 

ᅜ㝿 25 33 32 

ศ㔝ู௳ᩘ 
(ᅜෆ/ᅜ㝿) 

⎔ቃ࣭27 ࣮ࢠࣝࢿ࢚ 
(17/10) 

44 
㸦23/21㸧 

29 
(12/17) 

ே࣭≀㉁ࢫࢳ࣐ࣝ
 ࢸࣜࣅ࣮ࣔࣝࢣ

9 
(4/5) 

6 
㸦5/1㸧 

8 
(4/4) 

ᗣ࣭⚟♴࣭་⒪ 10 
(6/4) 

5 
(3/2) 

6 
(3/3) 

ᇶ┙ 23 
(17/6) 

22 
(13/9) 

27 
(19/8) 

᥇ᢥ⋡㸦㸣㸧 70 69 73 

⏦ㄳ㔠㢠㸦༓㸧: a 30,396 30,546 43,460 

᥇ᢥ㔠㢠㸦༓㸧: b 16,819 17,065 19,847 

ᖹᆒ㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 55 56 45 

ᖹᆒ᥇ᢥ㔠㢠㸦༓㸧 244 243 244 
*ᖺᗘ㏵୰ 1  ࡾ࠶ࡆୗࡾྲྀ௳
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⾲ 3㸸ᅜ㝿㐃ᦠබເඹྠ◊✲ࠊࢺࢡ࢙ࢪࣟࣉⴌⱆබເඹྠ◊✲ 
 ㄳ࣭᥇ᢥ≧ἣ⏦ࡢ✲◊㔜Ⅼබເඹྠࡧࡼ࠾

 
ᅜ㝿㐃ᦠබເඹྠ◊✲ 

ᖹᡂ ࢺࢡ࢙ࢪࣟࣉ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 6 6 6 
᥇ᢥᩘ㸦௳㸧 5 6 6 
᥇ᢥ⋡㸦㸣㸧 83 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 8,140 8,135 8,011 
᥇ᢥ㔠㢠㸦༓㸧: b 4,869 4,470 5,010 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 60 54.9 62.5 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 974 745 835 

 
ⴌⱆ 

බເඹྠ◊✲ ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 5 4 3 
᥇ᢥᩘ㸦௳㸧 5 4 3 
᥇ᢥ⋡㸦㸣㸧 100 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 994 697 468 
᥇ᢥ㔠㢠㸦༓㸧: b 525 559 362 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 53 80 77.3 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 105 140 120 

 

㔜Ⅼ 
බເඹྠ◊✲ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 2 2 
᥇ᢥᩘ㸦௳㸧 2 2 
᥇ᢥ⋡㸦㸣㸧 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 3,042 3,687 
᥇ᢥ㔠㢠㸦༓㸧: b 3,599 2,790 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 118 75.6 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 1,799 1,395 

ͤ᥇ᢥ㢠20ࠊࡣ㸣ࠋࡿࢀࡲྵࡀࣈࢸࣥࢭࣥࡢ 
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⾲ 3㸸ᅜ㝿㐃ᦠබເඹྠ◊✲ࠊࢺࢡ࢙ࢪࣟࣉⴌⱆබເඹྠ◊✲ 
 ㄳ࣭᥇ᢥ≧ἣ⏦ࡢ✲◊㔜Ⅼබເඹྠࡧࡼ࠾

 
ᅜ㝿㐃ᦠබເඹྠ◊✲ 

ᖹᡂ ࢺࢡ࢙ࢪࣟࣉ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 6 6 6 
᥇ᢥᩘ㸦௳㸧 5 6 6 
᥇ᢥ⋡㸦㸣㸧 83 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 8,140 8,135 8,011 
᥇ᢥ㔠㢠㸦༓㸧: b 4,869 4,470 5,010 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 60 54.9 62.5 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 974 745 835 

 
ⴌⱆ 

බເඹྠ◊✲ ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 5 4 3 
᥇ᢥᩘ㸦௳㸧 5 4 3 
᥇ᢥ⋡㸦㸣㸧 100 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 994 697 468 
᥇ᢥ㔠㢠㸦༓㸧: b 525 559 362 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 53 80 77.3 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 105 140 120 

 

㔜Ⅼ 
බເඹྠ◊✲ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 2 2 
᥇ᢥᩘ㸦௳㸧 2 2 
᥇ᢥ⋡㸦㸣㸧 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 3,042 3,687 
᥇ᢥ㔠㢠㸦༓㸧: b 3,599 2,790 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 118 75.6 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 1,799 1,395 

ͤ᥇ᢥ㢠20ࠊࡣ㸣ࠋࡿࢀࡲྵࡀࣈࢸࣥࢭࣥࡢ 
 
 

⾲ 4㸸࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ࡢᐇ≧ἣ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

ᐇᩘ㸦௳㸧 28 31 28 

ᅜෆ࣭ᅜ㝿 
ᅜෆ 15 20 24 

ᅜ㝿 13 8 7 

ศ㔝ู௳ᩘ 
(ᅜෆ/ᅜ㝿) 

⎔ቃ࣭7 ࣮ࢠࣝࢿ࢚ 
(5/2) 

14 
(10/4) 

14 
(13/1) 

ே࣭≀㉁ࢫࢳ࣐ࣝ
 ࢸࣜࣅ࣮ࣔࣝࢣ

2 
(0/2) 

0 
(0/0) 

0 
(0/0) 

ᗣ࣭⚟♴࣭་⒪ 6 
(3/3) 

5 
(5/0) 

4 
(4/0) 

ᇶ┙ 13 
(7/6) 

9 
(5/4) 

13 
(7/6) 

⏦ㄳ㔠㢠㸦༓㸧: a 11,825 12,217 9,186 

᥇ᢥ㔠㢠㸦༓㸧: b 2,894 2,905 2,508 

ᖹᆒ㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 24 24 27 

ᖹᆒ᥇ᢥ㔠㢠㸦༓㸧 103 94 89 

 
 
2㸧 ◊✲⪅ࡅཷࡢධࢀ≧ἣ 

ᮏ◊✲ᡤࡀබເඹྠ◊✲ࢆᐇࡅཷࡵࡓࡿࡍධࡢ⪅✲◊ࡓࢀேᩘ㸦ᘏே᪥㸧ࢆ⾲

5 ⟭ᇶࢆᅾ᪥ᩘࠊࡋ⪅✲◊ࡓࡋ᮶࡚ࡋ⏝ࢆ㈝⤒✲◊බເඹྠࡣ㇟ᑐࠋࡍ♧

ฟࠋࡓࡋ 
 

⾲ 5㸸◊✲⪅ࡅཷࡢධࢀ≧ἣ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

ᅜෆ 389 469 411 

ᅜእ 625 628 927 
ྜィ 

㸦ᘏே᪥㸧 1,014 1,097 1,338 
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3㸧 ◊✲㈝ 
ᮏබເඹྠ◊✲࡚⏝ࡢ㈝✲◊ࡓࡋෆヂࢆ⾲ 6  ࠋࡍ♧
 

⾲ 6㸸◊✲㈝ࡢෆヂ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ30ᖺᗘ* 

≀௳㈝㸦༓㸧 16,377 12,911 25,569 

᪑㈝㸦༓㸧 16,177 18,201 34,323 

ྜィ㸦༓㸧 32,554 31,112 59,892 

 
*ᖹᡂ 30 ᖺᗘࠊࡣ࡚࠸ࡘᅜඹྠ⏝࣭ඹྠᐇศ㸦ඹྠ⏝࣭ඹྠ◊✲ᣐⅬࡢᙉ㸧

 ࠋࡴྵࢆ᥇ᢥศࠖࢡ࣮࣡ࢺࢵࢿ✲◊ᅜ㝿ࢪࣥࣞࣕࢳࢻࣥࣛࢢὶືࠕ
 
1.6 ◊✲ᡂᯝࡢⓎ⾲௳ᩘ 

◊✲ᡂᯝࡢⓎ⾲௳ᩘࢆ⾲ 7 ᮏࠊࡀ➼ࡾๅูࡢㄽᩥ࡞せࠊෆࡢᡂᯝࡢࡽࢀࡇࠋࡍ♧

ሗ࿌᭩ࡢᚋ༙ᥖ㍕ࠋࡿ࠸࡚ࢀࡉ 
 

⾲ 7㸸◊✲ᡂᯝࡢⓎ⾲௳ᩘ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟ࠊゎ

ㄝ➼ࡴྵࢆ㸧 99 119 73 

ᅜ㝿㆟ࠊᅜෆ㆟ࠊ◊✲ཱྀࠊ

㢌Ⓨ⾲➼ 291 439 303 

Ⓨ࣑ࢥࢫ࣐㸦≉チ࣭ཷ㈹࣭ࡢࡑ

⾲➼㸧
16 14 17 

ྜィ㸦௳㸧 406 572 393 
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3㸧 ◊✲㈝ 
ᮏබເඹྠ◊✲࡚⏝ࡢ㈝✲◊ࡓࡋෆヂࢆ⾲ 6  ࠋࡍ♧
 

⾲ 6㸸◊✲㈝ࡢෆヂ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ30ᖺᗘ* 

≀௳㈝㸦༓㸧 16,377 12,911 25,569 

᪑㈝㸦༓㸧 16,177 18,201 34,323 

ྜィ㸦༓㸧 32,554 31,112 59,892 

 
*ᖹᡂ 30 ᖺᗘࠊࡣ࡚࠸ࡘᅜඹྠ⏝࣭ඹྠᐇศ㸦ඹྠ⏝࣭ඹྠ◊✲ᣐⅬࡢᙉ㸧

 ࠋࡴྵࢆ᥇ᢥศࠖࢡ࣮࣡ࢺࢵࢿ✲◊ᅜ㝿ࢪࣥࣞࣕࢳࢻࣥࣛࢢὶືࠕ
 
1.6 ◊✲ᡂᯝࡢⓎ⾲௳ᩘ 

◊✲ᡂᯝࡢⓎ⾲௳ᩘࢆ⾲ 7 ᮏࠊࡀ➼ࡾๅูࡢㄽᩥ࡞せࠊෆࡢᡂᯝࡢࡽࢀࡇࠋࡍ♧

ሗ࿌᭩ࡢᚋ༙ᥖ㍕ࠋࡿ࠸࡚ࢀࡉ 
 

⾲ 7㸸◊✲ᡂᯝࡢⓎ⾲௳ᩘ 
 

 ᖹᡂ 28 ᖺᗘ ᖹᡂ 29 ᖺᗘ ᖹᡂ 30 ᖺᗘ 

Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟ࠊゎ

ㄝ➼ࡴྵࢆ㸧 99 119 73 

ᅜ㝿㆟ࠊᅜෆ㆟ࠊ◊✲ཱྀࠊ

㢌Ⓨ⾲➼ 291 439 303 

Ⓨ࣑ࢥࢫ࣐㸦≉チ࣭ཷ㈹࣭ࡢࡑ

⾲➼㸧 16 14 17 

ྜィ㸦௳㸧 406 572 393 

 
 
 
 
 
 
 
 
 

1.7  ᖹᡂ 21 ᖺᗘࡽᖹᡂ 27 ᖺᗘࡢ࡛ࡲάືᡂᯝ 
 ᮏ⠇࡛ࠊࡣᖹᡂ 21 ᖺᗘࡽᖹᡂ 27 ᖺᗘࡢ࡛ࡲάືᡂᯝࢆ⾲ 8 ⾲ࡽ 14  ࠋࡿࡍグ㍕
 

⾲ 8㸸ὶయ⛉Ꮫࡢࢫ࣮࣋ࢱ࣮ࢹⓏ㘓௳ᩘᩘࢫࢭࢡ 
 

 ᖹᡂ 21
ᖺᗘ 

ᖹᡂ 22
ᖺᗘ 

ᖹᡂ 23
ᖺᗘ 

ᖹᡂ 24
ᖺᗘ 

ᖹᡂ 25
ᖺᗘ 

ᖹᡂ26
ᖺᗘ 

ᖹᡂ 27
ᖺᗘ 

බເඹྠ◊✲ᡂᯝࡢ

Ⓩ㘓ᩘ 16 32 42 47 54 60 63 

Ⓩ㘓῭532 516 500 493 488 478 458 ᩘ⥲ࢱ࣮ࢹࡳ 
ὶయ⛉Ꮫ࣮࣋ࢱ࣮ࢹ

 7,546 6,818 7,587 8,591 10,815 12,123 10,040 ᩘ௳ࢫࢭࢡࡢࢫ

 
 

⾲ 9㸸୍⯡බເඹྠ◊✲ࡢ⏦ㄳ࣭᥇ᢥ≧ἣ 
 

 ᖹᡂ 21 
ᖺᗘ 

ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

ᖹᡂ 26 
ᖺᗘ 

ᖹᡂ 27
ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 52 64 77 85 94 98 98 
᥇ᢥᩘ㸦௳㸧 52 63* 77 85 93* 96* 97 

ᅜෆ࣭ᅜ㝿 ᅜෆ 32 35 47 51 59 60 58 
ᅜ㝿 20 28 30 34 34 36 39 

ศ㔝ู௳ᩘ 
(ᅜෆ/ᅜ㝿) 

 ࢚ࣟ
 ࢫ࣮࣌ࢫ

7 
㸦5/2㸧 

7 
㸦5/2㸧 

10 
㸦7/3㸧 

12 
(9/3) 

13 
(10/3) 

16 
(12/4) 

16 
(3/13) 

 16 ࣮ࢠࣝࢿ࢚
㸦8/8㸧 

14 
㸦5/9㸧 

18 
㸦6/12㸧

20 
(7/13) 

21 
(7/14) 

21 
(7/14) 

21 
(7/14) 

 ࣇࣛ
 ࢫ࢚ࣥࢧ

7 
㸦5/2㸧 

13 
㸦8/5㸧 

13 
㸦9/4㸧 

14 
(8/6) 

19 
(12/7) 

17 
(12/5) 

15 
(8/7) 

 ࣭ࣀࢼ
 ࣟࢡ࣐

17 
㸦10/7㸧 

17 
㸦10/7㸧 

23 
㸦17/6㸧

24 
(17/7) 

24 
(18/6) 

24 
(17/7) 

22 
(14/8) 

ᇶ┙ 5 
㸦4/1㸧 

12 
㸦7/5㸧 

13 
㸦8/5㸧 

15 
(10/5) 

16 
(12/4) 

18 
(12/6) 

23 
(16/7) 

᥇ᢥ⋡㸦㸣㸧 100 98 100 100 99 98 99 
㊊⋡㸦㔠㢠㸧㸦㸣㸧 26㹼

 
77㹼95 59㹼97 49㹼83 44㹼73 19㹼70 21~67 

⏦ㄳ㔠㢠㸦༓㸧: a 20,177 29,303 35,405 38,895 41,349 43,359 44,091 
᥇ᢥ㔠㢠㸦༓㸧: b 16,639 24,637 25,657 25,550 23,079 22,004 21,563 

ᖹᆒ㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 82 84 72 66 56 51 49 
ᖹᆒ᥇ᢥ㔠㢠㸦༓㸧 320 391 333 301 248 229 222 

 ࡆୗࡾྲྀ*
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⾲ 10㸸ศ㔝ᶓ᩿ࢺࢡ࢙ࢪࣟࣉ⏦ㄳ࣭᥇ᢥ≧ἣ 
 

 ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 1 1 1 1 
᥇ᢥᩘ㸦௳㸧 1 1 1 1 
᥇ᢥ⋡㸦㸣㸧 100 100 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 7,000 5,000 5,000 5,000 
᥇ᢥ㔠㢠㸦༓㸧: b 7,000 4,650 3,445 2,936 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 100 93 69 59 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 7,000 4,650 3,445 2,936 

 
 

⾲ 11㸸㐃ᦠබເඹྠ◊✲ࡧࡼ࠾ࢺࢡ࢙ࢪࣟࣉⴌⱆබເඹྠ◊✲ࡢ⏦ㄳ࣭᥇ᢥ≧ἣ 
 

 㐃ᦠබເඹྠ◊✲ࢺࢡ࢙ࢪࣟࣉ ⴌⱆ 
බເඹྠ◊✲ 

 ᖹᡂ 25 ᖺᗘ ᖹᡂ 26 ᖺᗘ ᖹᡂ 27 ᖺᗘ ᖹᡂ 26 ᖺᗘ ᖹᡂ 27 ᖺᗘ 
⏦ㄳᩘ㸦௳㸧 3 3 7 5 3 
᥇ᢥᩘ㸦௳㸧 3 3 7 5 3 
᥇ᢥ⋡㸦㸣㸧 100 100 100 100 100 

⏦ㄳ㔠㢠㸦༓㸧: 
a 4,700 4,600 7,900 911 450 

᥇ᢥ㔠㢠㸦༓㸧: 
b 2,977 2,627 4,572 393 257 

㊊⋡㸦㔠㢠㸧
㸦㸣㸧: b/a 63 57 58 43 57 

᥇ࡢࡾࡓ࠶௳୍
ᢥ㔠㢠㸦༓㸧 992 876 653 79 86 

 
 

⾲ 12㸸◊✲⪅ࡅཷࡢධࢀ≧ἣ 
 

 ᖹᡂ 21 
ᖺᗘ 

ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

ᖹᡂ 26 
ᖺᗘ 

ᖹᡂ 27
ᖺᗘ 

ᅜෆ 165 210 262 350 345 347 430 

ᅜእ 254 384 285 340 347 473 498 
ྜィ 

㸦ᘏே᪥㸧 419 594 547 690 692 820 928 
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⾲ 10㸸ศ㔝ᶓ᩿ࢺࢡ࢙ࢪࣟࣉ⏦ㄳ࣭᥇ᢥ≧ἣ 
 

 ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

⏦ㄳᩘ㸦௳㸧 1 1 1 1 
᥇ᢥᩘ㸦௳㸧 1 1 1 1 
᥇ᢥ⋡㸦㸣㸧 100 100 100 100 

⏦ㄳ㔠㢠㸦༓㸧: a 7,000 5,000 5,000 5,000 
᥇ᢥ㔠㢠㸦༓㸧: b 7,000 4,650 3,445 2,936 

㊊⋡㸦㔠㢠㸧㸦㸣㸧: b/a 100 93 69 59 
᥇ᢥ㔠㢠ࡢࡾࡓ࠶௳୍

㸦༓㸧 7,000 4,650 3,445 2,936 

 
 

⾲ 11㸸㐃ᦠබເඹྠ◊✲ࡧࡼ࠾ࢺࢡ࢙ࢪࣟࣉⴌⱆබເඹྠ◊✲ࡢ⏦ㄳ࣭᥇ᢥ≧ἣ 
 

 㐃ᦠබເඹྠ◊✲ࢺࢡ࢙ࢪࣟࣉ ⴌⱆ 
බເඹྠ◊✲ 

 ᖹᡂ 25 ᖺᗘ ᖹᡂ 26 ᖺᗘ ᖹᡂ 27 ᖺᗘ ᖹᡂ 26 ᖺᗘ ᖹᡂ 27 ᖺᗘ 
⏦ㄳᩘ㸦௳㸧 3 3 7 5 3 
᥇ᢥᩘ㸦௳㸧 3 3 7 5 3 
᥇ᢥ⋡㸦㸣㸧 100 100 100 100 100 

⏦ㄳ㔠㢠㸦༓㸧: 
a 4,700 4,600 7,900 911 450 

᥇ᢥ㔠㢠㸦༓㸧: 
b 2,977 2,627 4,572 393 257 

㊊⋡㸦㔠㢠㸧
㸦㸣㸧: b/a 63 57 58 43 57 

᥇ࡢࡾࡓ࠶௳୍
ᢥ㔠㢠㸦༓㸧 992 876 653 79 86 

 
 

⾲ 12㸸◊✲⪅ࡅཷࡢධࢀ≧ἣ 
 

 ᖹᡂ 21 
ᖺᗘ 

ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

ᖹᡂ 26 
ᖺᗘ 

ᖹᡂ 27
ᖺᗘ 

ᅜෆ 165 210 262 350 345 347 430 

ᅜእ 254 384 285 340 347 473 498 
ྜィ 

㸦ᘏே᪥㸧 419 594 547 690 692 820 928 

 
 

⾲ 13㸸◊✲㈝ࡢෆヂ 
 

 ᖹᡂ 21 
ᖺᗘ 

ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

ᖹᡂ 26 
ᖺᗘ 

ᖹᡂ 27
ᖺᗘ 

≀௳㈝㸦༓㸧 8,136 22,343 22,837 18,739 16,796 16,649 12,417 

᪑㈝㸦༓㸧 7,415 11,978 11,484 13,866 15,809 15,611 18,688 

ྜィ㸦༓㸧 15,551 34,321 34,321 32,605 32,605 32,260 31,105 

 
 

⾲ 14㸸◊✲ᡂᯝࡢⓎ⾲௳ᩘ 
 

 ᖹᡂ 21 
ᖺᗘ 

ᖹᡂ 22 
ᖺᗘ 

ᖹᡂ 23 
ᖺᗘ 

ᖹᡂ 24 
ᖺᗘ 

ᖹᡂ 25 
ᖺᗘ 

ᖹᡂ 26 
ᖺᗘ 

ᖹᡂ 27 
ᖺᗘ 

Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟ࠊ

ゎㄝ➼ࡴྵࢆ㸧 51 84 88 88 139 109 106 

ᅜ㝿㆟ࠊᅜෆ㆟ࠊ◊✲ࠊ

ཱྀ㢌Ⓨ⾲➼ 152 198 291 304 457 371 355 

ࢥࢫ࣐㸦≉チ࣭ཷ㈹࣭ࡢࡑ

 Ⓨ⾲➼㸧 5 19 11 22 28 14 25࣑

ྜィ㸦௳㸧 208 301 390 414 624 494 486 
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ග㥑ືᆺࣀࢼ࣭ࣟࢡ࣐ὶయࡢࢫࣂࢹ㛤Ⓨ 

Development of Light-Driven Micro/Nano Fluidic Devices 

  

ᒣ⏣ ᪼*†㸪ᑠᐑ ᩔᶞ**††㸪ᒸᓥ ῟அ** 
*㛗ᒸᢏ⾡⛉ᏛᏛᕤᏛ㒊㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

㏆ᖺ㸪ࣞ ࡉ┠ὀࡀࢱ࣮࢚ࣗࢳࢡගࡿࡍὶయ୰࡛㥑ື࡛ࡅࡔࡿࡍᑕ↷ࢆගࡢ࡞ග࣮ࢨ࣮

άࡢ㏵࡛⏝࣮ࣝࢣࢫࣀࢼ࣭ࣟࢡ࣐ࡽࡇ࡞せࡀᶵᲔᶵᵓ࡞㞧「ࡸ⥺㸬㟁Ẽ㓄ࡿ࠸࡚ࢀ

㸪ᅇ㌿ᆺࡣ࡛✲◊㸬ᮏࡿ࠶Ⓨᒎ㏵ୖ࡚ࡵྵࢆ〇㐀᪉ἲࡸ⌮㸪㥑ືཎࡀࡿ࠸࡚ࢀࡉᮇᚅࡀ⏝

ගࡢࢱ࣮࢚ࣗࢳࢡගࡋ┠╔ࢱ࣮ࣔࣟࢡ࣐㸪ࡢࡑ㥑ືཎ⌮ࢱ࣮ࣔ㏆ഐࡢὶయࡢ┦

స⏝࣮ࣝࢣࢫࣀࢼ࣭ࣟࢡ࣐ࢆὶయ⛉ᏛࡢほⅬࡽ᫂ࡋࡽ㸪᪂つࡢග㥑ືᆺ࣭ࣟࢡ࣐

 㸬ࡿࡆ⧄㛤Ⓨࡢࢫࣂࢹὶయࣀࢼ
 
2. ◊✲ᡂᯝࡢෆᐜ 

 ᖺᗘࡣ㸪ගࡢࢱ࣮ࣔࣟࢡ࣐ᙧ≧࣮ࢨ࣮ࣞ↷ᑕ᪉ἲࢆᕤኵࡾࡼࡇࡿࡍ㸪ᚑ᮶ࡢ༢⣧

ᅇ㌿ືస㸦࿘㌿ࡢ᪂つ࠺కࢆබ㌿㸪⮬㌿ࡃ࡞ࡣ㸧࡛ࢻᅇ㌿ືస㸦⮬㌿࣮ࣔࡢࡳࡢ㌿⮬࡞

㐠ື࣮ࣔࢻ㸧ࡢⓎ⌧ᡂຌࡓࡋ㸦ᮍⓎ⾲㸧㸬ࡓࡲ㸪CFD ゎᯒࡾࡼ㸪࿘㌿㐠ື࣮ࣔ࠾ࢻ

᫂ࢆᛶ⬟ྍࡿࢀඃᨩᢾຠᯝࡿࡅ࠾࣮ࣝࢣࢫࣟࢡ࣐ሙྜࡢࡁྥࡌྠࡀᅇ㌿㌿⮬࡚࠸

ࡢᅇ㌿ࡢࢱ࣮ࣔࣟࢡ࣐ගࡢࢻ࿘㌿㐠ື࣮ࣔࡿࡍᾮ୰࡛ᅇ㌿ࣥࢺࢭ㸬ᅗ㸯ࡓࡋࡽ

ᵝᏊࡍ♧ࢆ㸬ᅗ㸰㸪๓ᖺᗘᘬࡁ⥆ࡁᑠᐑᩍᤵࡽඹྠ࡛タィࡓࡋ ᗘሙ࣭⃰ᗘሙྍど

ィ ࡓ࡚❧ࡳ⤌ࢆ࣒ࢸࢫࢩᵝᏊࡍ♧ࢆ㸬⌧ᅾ㸪┦ࡿࡼࢺࣇࢩᐃ㔞࣮ࢣࢫࣟࢡ࣐

 㸬ࡿ࠸࡚ࡗ⾜ࢆㄪᩚࡓࡅྥどྍࡢࣝ
 

 
ᅗ 1㸸࿘㌿㐠ື࣮ࣔࢻ㸦⮬㌿㸩බ㌿㸧ࢆⓎ⌧ࡓࡋගࡢࢱ࣮ࣔࣟࢡ࣐ᅇ㌿ࡢᵝᏊ 
 

ㄢ㢟␒  ྕ J18I001 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 
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ᅗ 2㸸 ᗘሙ࣭⃰ᗘሙྍどィ ࡢ࣒ࢸࢫࢩᴫせ㸦ୖ㸧ྍどࢺࢫࢸ㸦ୗ㸧ࡢᵝᏊ 

 

 

3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲ࡢᐇࡾࡼ㸪ගࡢࢱ࣮ࣔࣟࢡ࣐㥑ືཎ⌮ࢆὶయ⛉Ꮫⓗ᫂ࡋࡽ㸪ࣟࢡ࣐ὶ

యࡢࢫࣂࢹᛂ⏝ࢆࡇࡿࡍ┠ᶆࡾ࠾࡚ࡋ㸪ᖺᗘࡣᨩᢾᛶ⬟ඃࡿࢀᅇ㌿࣮ࣔࢆࢻⓎ

ヲ⣽ど⤖ᯝྍࡧࡽ࡞ὶయゎᯒ⤖ᯝࢆ㸬ᮏ⤖ᯝࡿ࠶ᡂᯝ࡛࡞⩏ኚ᭷ពࡣࡇࡓࡁ࡛⌧

ᚓࢆᣦ㔪ࡢ➼㧗㏿ᨩᢾࡢ㉁≀ࡢ୰࡛ࢫࣂࢹὶయࣟࢡ࣐㸪ࡾࡼࡇࡿࡍẚ㍑࣭⪃ᐹ

 㸬ࡿࡁᮇᚅ࡛ࡀࡇࡿ
 

 ㄢ㢟ࡢᚋࡵࡲ .4
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⏝᭷࡚ࡋࡽ᫂ࢆ㛵ಀᛶࡢᦆയࡢ࣮ࢨࢸ✵୰⨨✺⾪ࣜࣈࢹ㸪ࡾࡼ㸬ᐇ㦂ࡿࡍ┠
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ᅗ㸰㸪ࡀࣝࢱࢡ࢙ࢪࣟࣉ㸪␗ࡿ࡞㧗ࡉẚ k 㸦 k = 0.06, 0.71㸧࡛⾪✺ࣈࢹࡢࡁࡓࡋ

ࡼࢻ࢘ࣛࢡࣜࣈࢹ㸪ࡣᘼ≧୧➃▮༳ࡢ㸬ᅗ㸲ࡍ♧ࢆẚ㍑ࡢ㸪ᦆയ㡿ᇦᣑᩓࡢࢻ࢘ࣛࢡࣜ
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㸬୍᪉㸪ࡿࡍ✺⾪ k ࢹ㸪ࡵࡓ࠸▷ࡀ㊥㞳ࡢ࡛ࡲᚋ᪉࣮ࢨࢸ⟃୰✵⨨✺⾪ࡣ࡛ 0.71 =

㸪k࡚ࡗࡼ㸬ࡿࡍ✺⾪࣮ࢨࢸ⟃ែ࡛㸪୰✵≦࡞ᐦ࠸࡞ࡋᣑᩓ༑ศࡣࢻ࢘ࣛࢡࣜࣈ ࡀ 

 㸬ࡿࢀࡽ࠼⪄ࡿ࡞ࡃࡁࡣᦆയ㡿ᇦࡀ᪉ࡢ✺⾪࠸ࡁ

ㄢ㢟␒  ྕ J18I002 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠㸦Ⓨᒎ㸧 
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࣮࣓ࣛࣃ࡞㔜せࡣᡂᙧḞ㝗࡛࠺࠸᪉ྥ⥔⧅ࡧࡼ࠾᪉ྥ࣭㛫㝸ࡢࢺࢵࣜࢫ㸬ࡓࡗ⾜ࢆ㛤Ⓨࡢ

ᒎࢆᛶ⬟ྍࡢᰝἲ᳨࡞ࡓ᪂ࡢ㸪Ⅳ⣲⧄⥔」ྜᮦᩱࡋ♧ࢆࡇࡿࡁᐃ࡛≉ࡽ㟁ὶ⏬ീ ࢆࢱ
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*[1] Takahiro Ishibashi, Koichi Mizukami, Hiroyuki Kosukegawa and Toshiyuki Takagi : 
Nondestructive evaluation for carbon fiber composite parts fabricated by prepreg with 
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Information (AFI-2018), Sendai, Japan, (2018), CRF-34, pp. 70-71. 
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ప ᗘឤᗘ㧗㏿ᛂ⟅ PSPࡢప㏿ὶࡢࢀ㐺⏝ࡢࡑホ౯ 

Application of Low-Temperature Sensitive Fast Response PSP 

on Low-Speed Unsteady Flow and Its Validation 

  

Ụ  ୖ Ὀᗈ*†㸪㛗㇂ᕝ ᩔஓ* 
ᯇ⏣ భ**㸪⸨⏣ ᪸ᚿ***㸪Ọ ᶞ***††㸪 

*ឡ▱ᕤᴗᏛᕤᏛ㒊㸪**᪩✄⏣Ꮫ㐀⌮ᕤᏛ㒊 
***ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

 ឤᅽሬᩱ(PSP)ࡣ✲◊ࡢᐃᖖィ ࡽ㠀ᐃᖖィ 㸪ᅽຊኚࡢ࡞ࡁ㑄㡢㏿ィ ࡽᚤ

ᑠ࡞ప㏿ᇦ࡛ࡢィ 㐍ࡿ࠸࡚ࡁ࡛ࢇ㸬⏦ㄳ⪅ࡣࡽ㸪⊂⮬㛤Ⓨࡓࡋୡ⏺᭱㧗㏿ࡢ㛫ᛂ⟅

ᛶࡘࡶࢆPSP ࡶࡢ✲◊ᮏඹྠࢆホ౯ヨ㦂ࡢ 2017 ᖺᗘࡓࡗ⾜㸬ࡢࡑ⤖ᯝ㸪༑ศ࡞㛫ᛂ

⟅ᛶࡸඃࡓࢀᅽຊឤᗘࡀࡇࡿ࠶ࡀ☜ㄆࡓࢀࡉ㸬୍ࡢࡑ᪉㸪Ⓨගᙉᗘࡸᶍᆺࡢ╔ᛶ㛵

㸪╔ᛶࡃ㧗ࡀⓎගᙉᗘࡾࡼ㸪࡚ࡅཷࢆᯝ⤖ࡢࡇ㸬ࡓࡗศࡀࡇࡿ࠶ࡀవᆅࡢᨵၿࡣ࡚ࡋ

⟆㧗㏿ᛂࡓࢀඃ PSP ࠸㸪ὶయ⛉Ꮫ◊✲ᡤ᳨ᐃ㢼Ὕࡣ࡛✲◊㸬ᮏඹྠࡓࡗ⾜ࢆ㛤Ⓨࡢ

࡚ᖺྠᵝ㸪50m/s ௨ୗࡢప㏿᮲௳ୗ࡛ゅᰕࡢᚋὶᙧᡂࡿࡼิ ࣐ࣥࣝ࢝ࡿࢀࡉᅽຊ

ኚືࢆᚋὶヨ㦂࠸⾜ࢆ㸪᪂つ㧗㏿ᛂ⟅PSP  㸬ࡓࡗ⾜ࢆホ౯ࡢ
 
2. ◊✲ᡂᯝࡢෆᐜ 

㧗㏿ᛂ⟅ PSP ࡞␗ࡀ⌮㠃ฎ⾲ࡢ⢏Ꮚྜ㸪⢏Ꮚࡧ㸪⢏Ꮚᚄཬࡵࡓࡿࡏࡉୖྥࢆ╔ᛶࡢ

PSPࡿ SEMࢆ㠃ᵓ㐀᩿ࡸ㠃⾲ࡢࣝࣉࣥࢧ㸪ࡋసᡂࢆ ࡢ⟆㛫ᛂࡸ㸪╔ᛶࡋほᐹ࡚࠸⏝ࢆ

≉ᛶヨ㦂ࡓࡗ⾜ࢆ㸬ࡢࡑ⤖ᯝ㸪⢏ᚄ 15-30 nm ⛬ᗘࡢ㓟ࢆࣥࢱࢳ⢏Ꮚྜ 80-90 wt%࡛ΰ

㸪⭷ཌࡋྜ 5µm ࡛సᡂࡓࡋPSP 㧗ࡣ

㸪ᛂ⟅㛫ࡽࡀ࡞ࡕᣢࢆ╔ᛶ࠸ 6 Ps
ᖺࡶ㸪Ⓨගᙉᗘࡋ♧ࢆᛂ⟅ᛶ࠸㧗

ࡢ PSP ⣙ࡢ 5 ಸࡢ㧗㍤ᗘࢆᐇ⌧ࡋ

ࡢࡇ㸬ࡓ PSP ᮾᏛࢆᐇドヨ㦂ࡢ

ὶయ⛉Ꮫ◊✲ᡤࡢᑠᆺ᳨ᐃ㢼Ὕ࡚

㛤ᨺࡣᐃ㒊 ࡾ㏻ࡍ♧㸬ᅗ㸯ࡓࡗ⾜

ᆺࡋ㸪㧗㏿ᛂ⟅ PSP ሬ࣮ࣞࣉࢫࢆ

ᕸࡓࡋᖹᯈୖゅᰕࢆタ⨨ࡓࡋ㸬2 ྎ

㧗㍤ᗘLED(HARDsoft IL-106UV)ࡢ
࡛ບ㉳ࡓࡋ PSP 㧗㏿ᗘࡣග⇥ࡢࡽ

࣓࢝ (ࣛPhotron SA-X2)࡚࠸⏝ࢆᙳ

ࢺ࣮ࣞ 1kfps ࡛ྛヨ㦂᮲௳ẖ

21,841 ᯛ࡙ࡘᙳࡓࡋ㸬ࡓࡲ㸪ບ㉳ග

ㄢ㢟␒  ྕ J18I006 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 

 
ᅗ㸯㸸ᐇ㦂⨨ࡢᴫ␎ᅗ 
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ࡽ࡚ࡋ༑ศᏳᐃࡀ㸪↷ᑕ㛤ጞᚋ㸪Ⓨගᙉᗘࡵࡓࡓࢀࡉぢฟヨ㦂୰ࡀᙳ㡪ࡿࡼኚືࡢ※

ィ ࠺ࡼ࠺⾜ࢆ㸪ᡭ㡰ࢆኚ᭦ࢁࡇࡓࡋ㸪ィ ⏬ീᯛࡀࡁࡘࣛࣂࡢᖜῶᑡࡓࡋ㸬ᅗ 2
ὶ㏿ᗘࡣ 50 㹼20 m/s ᅽࡿࡼิ ࣐ࣥࣝ࢝ࡿࢀࡉᙧᡂ㸪ゅᰕᚋὶ࡚࠸࠾ࢀప㏿ὶࡢ

ຊศᕸࢆᤊࡿ࠶࡛ࡢࡶࡓ࠼㸬PSPࡢ㧗㍤ᗘࡾࡼ㸪ྲྀ ᚓ⏬ീࡢS/Nࡶᖜࡋୖྥ㸪20 m/s
 㸬ࡓࡁ࡛ࡀࡇࡿ࠼ᤊࢆ ࣐ࣥࣝ࢝ ࡶ࡚࠸࠾

 

    
(a)ܷஶ = ஶܷ(b) ݏ/50݉ = ஶܷ(c) ݏ/40݉ = ஶܷ(d) ݏ/30݉ =  ݏ/20݉

ᅗ 2㸸ゅᰕᚋὶࡿࡼ ࣐ࣥࣝ࢝ࡢᅽຊኚືࡢィ  
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

 PSP 㸪᪂ࡵࡓࡿࡍᨵၿࢆపୗࡢィ ⢭ᗘࡿࡼࡉపࡢⓎගᙉᗘ╔ᙉᗘࡢᶍᆺ⾲㠃ࡢ

㧗㏿ᛂ⟅PSPࡓࡋ㛤Ⓨࡓ PSPࡢ㸬ᖺᗘࡓࡗ⾜ࢆᐇドヨ㦂ࡢ 㸪PSPࡾࡼ ࡢࡾゅᰕ࿘ࡣ
⾲㠃ࡢ⢏Ꮚࡃࡣࡢ㞳ࡀࡓ࠸࡚ࡌ⏕ࡀ㸪ᨵⰋࡓࡋPSP ☜ࡀୖྥࡢ㸪╔ᛶࡎࡌ⏕ࡀ㞳ࡃࡣࡣ࡛

ㄆࡓࢀࡉ㸬ࡓࡲ㸪Ⓨගᙉᗘࡶᖺẚ࡛ 5 ಸ㧗㍤ᗘࢆᐇ⌧ࡿࡍࡓࡁ࡛ࡀ㸬ࡓࡲ㸪ບ㉳ග

ࡢ㸪ྲྀᚓ⏬ീࡁ࡛ࡀࡇ࠺⾜ࡶᨵၿࡢᡭ㡰ࡸᑕ᪉ἲ↷ࡢ S/N 㸪ࡁ࡛ࡀࡿࡏࡉୖྥᖜࢆ

◊✲┠ᶆࡣ㐩ᡂࡿ࠶ࡘࡘࢀࡉゝࡿ࠼㸬 
 

 ㄢ㢟ࡢᚋࡵࡲ .4

 Ⓨගᙉᗘࡸᶍᆺ⾲㠃ࡢ╔ᛶࡀᨵⰋࡓࢀࡉ㧗㏿ᛂ⟅ PSP ᚤᑠᅽຊࡢప㏿㡿ᇦ࡚࠸⏝ࢆ

ኚືࢆィ ࡿࡍᐇドヨ㦂᳨ࢆᐃ㢼Ὕ࡛⾜ࡓࡗ㸬Ⓨගᙉᗘ㸪ཬࡧィ ࡸࣉࢵࢺࢵࢭࡢᡭ㡰ࢆ

ぢ┤ࡾࡼࡋ㸪ྲྀ ᚓ⏬ീࡢS/N ࡅࡔ⌮ᚋฎ࡞⡆༢ࡢ࡞㸪ᖹᆒࡋᡂຌࡇࡿࡏࡉୖྥࢆ

ࡶ࡛ 20 m/s 㸬ࡓࡁ࡛ࡀࡿࡍ ィࢆᅽຊኚࡿࡼ ࣐ࣥࣝ࢝ࡶ࡚࠸࠾ࢀప㏿ὶ࠺࠸

ᚋࡣ㸪ࡽࡉᇶᚤᑠ࡞ᅽຊኚࡢ ᐃ㝈⏺ࢆ㧗࠺ࡼࡿࢀࡽࡵ㸪㧗㏿ᛂ⟅PSP ᨵⰋ㸪ィࡢ

 㸬ࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡗ⾜ࢆ✲◊ࡿࡍ㛵㧗ᗘࡢィ ᡭ㡰㸪ᚋฎ⌮ἲࡸ࣒ࢸࢫࢩ 
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*[1] Y. Egami, A. Hasegawa, Y. Matsuda, H. Nagai, K. Fujita : Verification test of novel 
fast-responding Pressure-Sensitive Paint to resolve small pressure fluctuation, 
Proceedings of the 18th International Symposium on Advanced Fluid Information 
(AFI-2018), Sendai, Japan, (2018), CRF-79, pp. 164-165. 

 [2] 㛗㇂ᕝᩔஓ㸪ᯇ⏣భ, Ọᶞ㸪⸨⏣᪸ᚿ㸪ỤୖὈᗈ㸸ᚤᑠᅽຊኚືࢆィ ࡿࡍ㧗㏿ᛂ⟅

PSP ➨ᐇドヨ㦂㸪ࡢ 14 ᅇᏛ㝿㡿ᇦࡿࡅ࠾ศᏊ࣒࣮࢛ࣛࣇࢢࣥࢪ࣮࣓㸪JAXA ㄪᕸ⯟✵

Ᏹᐂࢱࣥࢭ㸪(2019)㸬 
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⮬ື㌴ෆ⇞ᶵ㛵ࡣ㇟⌧ࢢࣥ࢟ࢵࣀࡿࡅ࠾㸪ᮎ➃ࢫ࢞⮬╔ⅆཬࡧᙉ࠸ᅽຊἼⓎ⏕ࢆక࠺␗

ᖖ⇞↝ࢀࡽ▱࡚ࡋ㸪⌧ᅾࣥࢪ࢚ࣥࡶ࡚࠸࠾㧗ᅽ⦰ẚࡢ࡞ࡁ㞀ቨࡿ࠸࡚ࡗ࡞㸬ᮏ◊

ࡽ▱࡚ࡋᗘಀᩘ㡿ᇦ ࡢ㸪㈇≉ᙳ㡪㸪ࡢᩱᛂ≉ᛶ⇞ࡿࡅ࠾㇟⌧ࢢࣥ࢟ࢵࣀ㸪ࡣ࡛✲

ࡿࢀ negative temperature coefficient (NTC) 㡿ᇦࡢᙳ㡪ࡓࡋ┠╔㸬⏦ㄳ⪅ࡀࡽ㛤Ⓨࡋ

㸪⇞ᩱࡋ⏝㐺ࢆ⾡ᢏࣥࣙࢩ࣮࣑ࣞࣗࢩヲ⣽ᛂᶵᵓ/ᅽ⦰ᛶὶయࡓࡁ࡚ NTC ≉ᛶ࠺ࡼࡢࡀ

 㸬ࡿࡍࡽ᫂ࢆࡢࡍࡰཬࢆᙳ㡪㇟⌧ࢢࣥ࢟ࢵࣀ

 
2. ◊✲ᡂᯝࡢෆᐜ 

ࡿ࡞␗㸪ࡎࡲ NTC≉ᛶ㸦ᮏ◊✲࡛ࡣ NTC㡿ᇦࡿࡅ࠾ ᗘᑐࡿࡍ╔ⅆ㐜ࢀ㛫ኚࡍ

ࡿࢀࡽ࠼⪄ࡶ⏝ࡢ᪤Ꮡ⇞ᩱࡿ࡞␗㸬ࡓࡳヨࢆసᡂࡢᛂᶵᵓ࡞ࡓ㸪᪂ࡵࡓࡿࡍ⌧ࢆ㸧ࡿ

㸬ᅗࡿ࠶ᅔ㞴࡛ࡣࡢࡿࡍ㑅ᐃࢆᩱ⇞ࡿ࡞␗ࡀࡳࡢഴྥࡢ㸪NTC㡿ᇦࡀ ṇࡿ࡞ࢫ࣮࣋㸪ࡣ1

ࡼᛂᶵᵓ㸦Cases A and B㸧ࡓࢀࡉసᡂࡓᮏ◊✲࡛᪂ᛂᶵᵓ㸦Base㸧ࡢࣥࢱࣉ࣊

㸬ᛂᶵᵓࡿ࠶ẚ㍑࡛ࡢ㛫ࢀⅆ㐜╔ࡓࢀࡽᚓ࡚ࡗ A㸪Bࡣ㸪௦⾲ⓗᛂ࡛ࡿ࠶ RH+OH=R+H2O

ཬࡧ QOOH+O2=O2QOOH 㸬ࡓࡋసᡂ࡛ࡇࡿࡍಟṇពᅗⓗࢆ್࣮ࢠࣝࢿ࢚㸪άᛶ࡚࠸࠾

ᅗ 1ᕥࡾࡼ㸪ᛂᶵᵓ A㸪B ࡣ NTC㡿ᇦࡳࡢ╔ⅆ㐜ࢀ㛫ࡢഴྥࢫ࣮࣋ࡀᶵᵓࡾ࡞␗㸪

ᛂᶵᵓ Aࡣᛴ࡞ NTC໙㓄㸪ᛂᶵᵓ B࡞ࡸ⦅ࡣ໙㓄ࢆ᭷ࢆࡇࡿࡍ☜ㄆ࡛ࡿࡁ㸬ᅗ 1ྑ

㸪ึᮇ ᗘ 700 Kࡿࡅ࠾ ᗘࡢ㛫ኚࡀࡍ♧ࢆ㸪ᛂᶵᵓ A࡛ࡣప 㓟㉳ᅉࡿࡍ

 ᗘኚࡀࡢ⤖ᯝẚᛴᓧࡾ࡞㸪╔ⅆ㐜ࢀ㛫ࡿࢃࡀࡇࡿ࠸࡚ࡋ⦰▷ࡀ㸬  

 

  
ᅗ 1㸸ᛂᶵᵓࡢẚ㍑㸦ᕥ㸸╔ⅆ㐜ࢀ㛫㸹ྑ㸸700 Kࡢሙྜࡢ ᗘ㛫ኚ㸧 

 

ㄢ㢟␒  ྕ J18I008 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 

－ 23 －



ᅗࢆᙉᗘࢡࢵࣀࡓࢀࡽゎᯒ࡛ᚓࢢࣥ࢟ࢵࣀ࠸⏝ࢆᛂᶵᵓࡢࡽࢀࡇ 2ᕥࡍ♧㸬ඹྠ◊✲

௨๓ࡢゎᯒ⤖ᯝࡽ㸪ࢡࢵࣀᙉᗘ㐪ࡀ࠸ฟࢆࡇࡿணࡀࡓ࠸࡚ࡋ㸪ࡢࢀࡎ࠸⤖ᯝࡰࡶ

㸪NTCࡣᯝ⤖ࡢࡇ㸪ࡾࡲࡘ㸬ࡓࡗ࡞ഴྥࡌྠ ໙㓄ࡢ㐪ࡣ࠸ᮎ➃ࢫ࢞⮬╔ⅆక࠺ᅽຊἼⓎ

㐩⌧㇟ࢇᙳ㡪ࢆཬࡍ♧ࢆࡇ࠸࡞ࡉࡰ㸬ᅗ 㸪ึᮇ ᗘ2ྑ 650 Kࡿࡅ࠾ᛂᶵ

ᵓ A࡛ᚓࡓࢀࡽᅽຊ ᗘ✵㛫ศᕸࡍ♧ࢆ㸬⮬╔ⅆࡢఏⅆ⅖⨨㸦ᮎ➃ࢫ࢞㛗ࡉ㸧╔

ࡾࡲࡘ㸦ࡿࡍ⨨ὶഃୖࡶ᭱ẚᯝ⤖ࡢ㸪ࡾ࠾࡚ࡋ⨨㸪x = 2.0 cm㏆ࡿࡍ┠

ᮎ➃ࢫ࢞㡿ᇦࡶ᭱ࡀ㛗࠸㸧㸬␗ࡿ࡞ఏⅆ⅖⨨ࡶ㛵ࡎࡽࢃ㸪ᅽຊἼⓎ㐩ࡢᵝᏊྠࡰࡀ

ࡀែ≦ࡢࢫ࢞➃㸪ᮎࡣࡇࡿ࠶࡛ࡌ NTC ≉ᛶࡢᙳ㡪ࢆࡇ࠸࡞࠸࡚ࡅཷࢆ♧၀ࡿࡍ㸬୍᪉㸪

⣬㠃ไ㝈ࡀ࠸࡞ࡁ࡛ࡀࡇࡍ♧ࡾࡼ㸪ᅗ 1 ᕥࡢᛂᶵᵓ≉ᛶࡀ┤᥋ⓗᫎࡣࡢࡿࢀࡉ㸪

ᮎ➃ࢫ࢞⮬╔ⅆࢢ࣑ࣥࢱཬࡧఏⅆ⅖⨨ࡿ࡞㸬 

 

 

 
ᅗ 2㸸ࢢࣥ࢟ࢵࣀゎᯒ⤖ᯝ㸦ᕥ㸸ࢡࢵࣀᙉᗘ㸹ྑ㸸650 Kࡢሙྜࡢ ᗘ࣭ᅽຊ✵㛫ᒚṔ㸧 

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

⇞ᩱ NTC≉ᛶࢆពᅗⓗไᚚ࡛ࡇࡿࡍ㸪ࡢ㇟⌧ࢢࣥ࢟ࢵࣀᙳ㡪ࢆ᫂࠺࠸ࡿࡍࡽ

┠ⓗࡣ㐩ᡂ࡛ࡓࡁ㸬ࡋࡋ㸪ࢢࣥ࢟ࢵࣀᢚไ㸦ᅽຊἼⓎ㐩ࡢไᚚ㸧࠺࠸ほⅬ࡛ࡣ㸪NTC ≉

ᛶࡿࡼຠᯝࢆᚓࡓࡗ࡞ࡁ࡛ࡀࡇࡿ㸬  
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ᮏ◊✲ࡾࡼ㸪⇞ᩱ NTC≉ᛶ㸦໙㓄㸧ࡣ㸪ࢡࢵࣀᙉᗘࢇᙳ㡪ࢆཬࡎࡉࡰ㸪ࢡࢵࣀ

Ⓨ⏕㛫ⅆ⅖⨨ࡢࡑ≉ᛶࡀᫎࢆࡇࡿࢀࡉ᫂ࡓࡋࡽ㸬ᮏ◊✲⤖ᯝࢆ㋃࠼ࡲ㸪

 㸬ࡿ࠶࡛⬟ྍࡀࡇࡿࡍ᫂☜᭦ࢆᙳ㡪ࡢ㸪NTC≉ᛶ࡛ࡇࡿ࠼ຍࢆẚ㍑ゎᯒࡢᩱ⇞ࡢ

 
5. ◊✲ᡂᯝ 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞  
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] H. Terashima and H. Nakamura: Effects of negative temperature coefficient of reactivity 
on end-gas autoignition and pressure wave development during knocking combustion, 
Proceedings of the 18th International Symposium on Advanced Fluid Information 
(AFI-2018), Sendai, (2018), CRF-24, pp. 48-49. 
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ᅗࢆᙉᗘࢡࢵࣀࡓࢀࡽゎᯒ࡛ᚓࢢࣥ࢟ࢵࣀ࠸⏝ࢆᛂᶵᵓࡢࡽࢀࡇ 2ᕥࡍ♧㸬ඹྠ◊✲

௨๓ࡢゎᯒ⤖ᯝࡽ㸪ࢡࢵࣀᙉᗘ㐪ࡀ࠸ฟࢆࡇࡿணࡀࡓ࠸࡚ࡋ㸪ࡢࢀࡎ࠸⤖ᯝࡰࡶ

㸪NTCࡣᯝ⤖ࡢࡇ㸪ࡾࡲࡘ㸬ࡓࡗ࡞ഴྥࡌྠ ໙㓄ࡢ㐪ࡣ࠸ᮎ➃ࢫ࢞⮬╔ⅆక࠺ᅽຊἼⓎ

㐩⌧㇟ࢇᙳ㡪ࢆཬࡍ♧ࢆࡇ࠸࡞ࡉࡰ㸬ᅗ 㸪ึᮇ ᗘ2ྑ 650 Kࡿࡅ࠾ᛂᶵ

ᵓ A࡛ᚓࡓࢀࡽᅽຊ ᗘ✵㛫ศᕸࡍ♧ࢆ㸬⮬╔ⅆࡢఏⅆ⅖⨨㸦ᮎ➃ࢫ࢞㛗ࡉ㸧╔

ࡾࡲࡘ㸦ࡿࡍ⨨ὶഃୖࡶ᭱ẚᯝ⤖ࡢ㸪ࡾ࠾࡚ࡋ⨨㸪x = 2.0 cm㏆ࡿࡍ┠

ᮎ➃ࢫ࢞㡿ᇦࡶ᭱ࡀ㛗࠸㸧㸬␗ࡿ࡞ఏⅆ⅖⨨ࡶ㛵ࡎࡽࢃ㸪ᅽຊἼⓎ㐩ࡢᵝᏊྠࡰࡀ

ࡀែ≦ࡢࢫ࢞➃㸪ᮎࡣࡇࡿ࠶࡛ࡌ NTC ≉ᛶࡢᙳ㡪ࢆࡇ࠸࡞࠸࡚ࡅཷࢆ♧၀ࡿࡍ㸬୍᪉㸪

⣬㠃ไ㝈ࡀ࠸࡞ࡁ࡛ࡀࡇࡍ♧ࡾࡼ㸪ᅗ 1 ᕥࡢᛂᶵᵓ≉ᛶࡀ┤᥋ⓗᫎࡣࡢࡿࢀࡉ㸪

ᮎ➃ࢫ࢞⮬╔ⅆࢢ࣑ࣥࢱཬࡧఏⅆ⅖⨨ࡿ࡞㸬 
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3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 
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┠ⓗࡣ㐩ᡂ࡛ࡓࡁ㸬ࡋࡋ㸪ࢢࣥ࢟ࢵࣀᢚไ㸦ᅽຊἼⓎ㐩ࡢไᚚ㸧࠺࠸ほⅬ࡛ࡣ㸪NTC ≉

ᛶࡿࡼຠᯝࢆᚓࡓࡗ࡞ࡁ࡛ࡀࡇࡿ㸬  
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ᮏ◊✲ࡾࡼ㸪⇞ᩱ NTC≉ᛶ㸦໙㓄㸧ࡣ㸪ࢡࢵࣀᙉᗘࢇᙳ㡪ࢆཬࡎࡉࡰ㸪ࢡࢵࣀ
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5. ◊✲ᡂᯝ 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞  
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] H. Terashima and H. Nakamura: Effects of negative temperature coefficient of reactivity 
on end-gas autoignition and pressure wave development during knocking combustion, 
Proceedings of the 18th International Symposium on Advanced Fluid Information 
(AFI-2018), Sendai, (2018), CRF-24, pp. 48-49. 
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流体・構造・制御の異分野融合による展開翼モデリング法の確立�

([SORLWDWLRQ�RI�'HSOR\DEOH�:LQJ�0RGHO�)XVLQJ�,QWHUGLVFLSOLQDU\�)LHOGV��

)OXLG�6WUXFWXUH�&RQWURO�

��

槙原�幹十朗†，永井�大樹††�
藤田�昂志，大塚�啓介，<LQDQ�:DQJ�

東北大学工学研究科，東北大学流体科学研究所，8QLYHUVLW\�RI�:DUZLFN�
†申請者，††所内対応教員�

�

�� 研究目的�

次世代航空機は性能向上のために，飛行中に翼を折り畳み展開する可変翼を搭載することが期

待されている．可変翼開発は数値モデルが必須である．数値モデルを用いた流体構造連成解析に

加えて，可変翼は制御系設計が必要となる．流体，構造，制御の三者を適切に融合し，制御系設

計をも考慮した可変翼の流体構造連成モデリング法を確立することが研究目的である．�
 
�� 研究成果の内容�

� 共同研究 2 年目として，流体と構造に焦点を当てたモデリング法の精度向上を行った．構築し

たモデリング法を用いた数値解析の妥当性実証の為に，下記の翼展開実験を流体研・低乱熱伝達

風洞で行った．実施期間は 201� 年 � 月 2�－2� 日と 201� 年 11 月 1�－22 日である． 
図 1 に使用した実験系を示す．2 つの塩ビ板を回転バネ付き蝶番で結合した平板矩形翼を風洞

内に鉛直に設置した．昨年度より測定データの精度を高めるため，図 2 に示す近距離高精度レー

ザー変位計を導入した．さらに，昨年度は手動展開であったものを，電動展開に変更し，測定デ

ータのバラツキを低減した．図 3 は流速と展開に要する時間の関係を示す．昨年度に提案したモ

デルによる解析，今年度に精度を向上させたモデルによる解析，および実験を比較した．今年度

のモデルによる解析の方が実験値と良好な一致を示している． 
�
�� 研究目標の達成状況�

� 昨年度に提案した可変翼モデルの精度向上を達成した．さらに，モデルの三次元化にも成功し

たことから，翼のみの展開解析だけでなく，飛行挙動と連成したより現実に即した解析が可能と

なった．�
�
�� まとめと今後の課題�

� 今年度は，モデルの高精度化・三次元化と実験測定の高精度化を行った．提案する「流体・構

造」連成モデリング法の信頼性を高め，適用範囲を広げることができた>1� 2@．しかし，「制御」に

関して，提案モデルの自由度の多さが問題となっており，進捗に乏しいという課題がある．そこ

で，自由度が少なく済み，計測・制御フィードバックも行いやすい，歪情報に基づくモデリング

法に取り組み始めている>12@．�
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�� 研究成果㸦�㸧ࡾ࠶ๅูࡣ

�� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧�

>1@ 2WVuNa� .�� :anJ� <�� and 0aNiKaUa� .�� 9HUVaWilH $EVoluWH 1odal CooUdinaWH FoUPulaWion 0odHl IoU '\naPiF FoldinJ 
:inJ 'HSlo\PHnW and FluWWHU $nal\VHV� Transactions of ASME, Journal of Vibration and Acoustics� 9ol� 1�1� 1o� 1 (201�)�  
01101� (10 SaJHV)� 

>2@ 2WVuNa� .�� and 0aNiKaUa� .�� $EVoluWH 1odal CooUdinaWH %HaP (lHPHnW IoU 0odHlinJ FlH[iElH and 'HSlo\aElH $HUoVSaFH 
6WUuFWuUHV�  ́AIAA Journal� 9ol� ��� 1o� 3 (201�)� SS� 13�3�13��� 

�� ᅜ㝿㆟・ᅜ内Ꮫ・研究・ཱྀ㢌Ⓨ⾲➼�

ᅜ㝿㆟ 
>3@ 2WVuNa� .�� :anJ� <�� FuMiWa� .�� 1aJai� +�� and 0aNiKaUa� .�� '\naPiF 6iPulaWion oI 'HSlo\aElH :inJ 0aUV $iUSlanH� 

Proc. of the 18th Int. Symposium on Advanced Fluid Information� 6Hndai� (201�)� C5F�1�� SS� 3��3�� ཱྀ࠙㢌ࢫ࣏�ター  ࠚ
>�@ 2nuNi� 6�� 2WVuNa� .�� 6u]aNi� 7�� 1aJai� +�� FuMiWa� .�� and 0aNiKaUa� .�� 0oWion $nal\ViV oI FlH[iElH FoldinJ :inJ ZiWK 

a +inJH -oinW /oadHd E\ *uVW� Proceedings of the 15th International Conference on Flow Dynamics� 6Hndai� -aSan� (201�)� 
261��3�� SS� �2���2�� ཱྀ࠙㢌ࢫ࣏�ター  ࠚ

>�@ :anJ� <�� 2WVuNa� .�� FuMiWa� .�� 1aJai� +�� and 0aNiKaUa� .�� 6iPulaWion and ConWUol oI FlH[iElH $HUo�6WUuFWuUHV uVinJ 
1onlinHaU 5HduFHd�2UdHU 0odHlV� Proceedings of the 15th International Conference on Flow Dynamics� 6Hndai� -aSan� 
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1. ◊✲目ⓗ 

ḟୡ௦⮬ື㌴㸪⮬❧ᆺࣟࢺࢵ࣎㸪ࡢ➼࣮ࢱࢡ࢙ࢪࣟࣉගᏛᶵჾᦚ㍕ࡿࢀࡉຍ㏿ᗘ࣮ࢧࣥࢭ㸪

ࡢ➼࣮ࢱ࣮࢚ࣗࢳࢡࣟࢡ࣐㸪࣮ࢧࣥࢭࣟࣕࢪ MEMS ࢀࡉᚤ⣽ຍᕤᢏ⾡࡛స〇ࡣࢫࣂࢹ

ࡢ⏘⏕㸬ከရ✀ᑡ㔞ࡿ MEMS స〇࡛ࢢࣥࢳࢵ࢚ࡣ㸪ᡂ⭷➼ࡢከẁ㝵୍ࡢࢫࢭࣟࣉ㒊ࢆ㠀┿✵ࣉ

ࢳࢵ࢚ᒁᡤࡣ࣐ࢬࣛࣉࣟࢡ࣐㸬Ẽᅽࡿ࠶ຠ⋡ୖ᭷ຠ࡛⏘⏕࣭ࢺࢫࢥࡣࡇࡿ࠼⨨ࢫࢭࣟ

ෆᚄ࡛ࡲࢀࡇ㸬ࡿࡍ⬟ྍࢆ⭷ᡂࡸࢢࣥ 0.7 mm ௨ୗࡢ⣽ᚄ SUS ࢆ㸦ὀᑕ㔪㸧㟁ᴟࣉࣃ RF
㸦13.56 MHz㸧ບ㉳࡚ࡋẼᅽ࣐ࢬࣛࣉࣟࢡ࣐ὶࢆ⏕ᡂ࡚ࡋ Si ᒁࡢ⭷ⷧࢻ࣑࣏ࣜࡸࣁ࢚࢘

ᡤࢢࣥࢳࢵ࢚㸪DLC ᡂ⭷ᛂ⏝ࡓࡋ㸬ࡋࡋ㸪Ẽᅽࢫ࢞ࡣ࡛࣐ࢬࣛࣉὶไᚚࡀ㔜せࡾ࡞㸪࢚

 㸬ࡿࢀࡽ࠼⪄ࡍࡰཬࢆᙳ㡪ཌศᕸ⭷ࡸ≦ᙧࢢࣥࢳࢵ
ᮏ◊✲࡛ࡣ㸪࣮ࣥࣞࣜࣗࢩἲ࡚࠸⏝ࢆእᚄ/ෆᚄ: 0.9 mm/0.6 mm ⣽ᚄࣝࢬࣀ㟁ᴟࡽᄇᑕࢀࡉ

ᇶᯈ㛫㊥̺ࣝࢬࣀὶ㔞㸪ᢞධ㟁ຊ㸪⣽ᚄࢫ࢞㸪࡛ࡇࡿࡍどྍࢆὶ࣐ࢬࣛࣉࣟࢡ࣐Ẽᅽࡿ

㞳 d  㸬ࡿࡍ❧☜ࢆไᚚᡭἲࡢཌศᕸ⭷ࡸ≦ᙧࢢࣥࢳࢵ࢚࡚ࡋࡽ᫂ࢆែ≦ࡢὶ࣐ࢬࣛࣉ
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᅗࢆᴫ␎ᅗࡢどᐇ㦂ྍࡢὶ࣐ࢬࣛࣉࣟࢡ࣐Ẽᅽࡓ࠸⏝ࢆ⨨࣮ࣥࣞࣜࣗࢩ 1 ࣉ㸬ࡍ♧

ὶ㔞: 0.6㹼1.8 L/min㸪RFࢫ࢞㸪࣒࢘ࣜ࣊⯡୍ࡣࢫ࣐࢞ࢬࣛ 㟁ຊ: 1㹼9 W 㸬⮬⏤ᄇὶࡓࡋタᐃ

SUS ᇶᯈࡢ⾪✺ᄇὶ㸦⣽ᚄ̺ࣝࢬࣀᇶᯈ㛫㊥㞳d: 3.3㹼5.3 mm㸧ࢆほᐹࡓࡋ㸬࣮ࣆࢫࣁ

fps 5000 :ࢺ࣮࣒࣮ࣞࣞࣇPhotron, FASTCAM SA5㸪ࡣ࣓ࣛ࢝ࢻ ࢬࣛࣉ㸪⮬⏤ᄇὶࡓࡲ㸬ࡿ࠶࡛

㸬ࡿ࠶10㹼15 mm࡛࡚ࡋቑຍ࡛ኚࡢRF㟁ຊࡣࡉ㛗ࡢⓎග㒊࣐ࢬࣛࣉ㸬ࡍ♧ᅗ2ࢆᵝᏊࡢ࣐

⮬⏤ᄇὶ⾪✺ᄇὶ࡛࣐ࢬࣛࣉࡢ off/on ࡢὶࡢࢀᵝᏊࢆᅗ 3 㸬ᅗࡍ♧ 3 (A)㸪(B)ࢫ࢞ࡽὶ㔞

࣐ࢬࣛࣉ㸪ࡓࡲ㸬ࡿࡍῶᑡࡣᒙὶ㡿ᇦࡌ⏕ࡀࡳ㎸ࡁᕳࡢẼ✵ࡢቑຍ࡛࿘ᅖࡢ on  ᒙὶࡶ࡚ࡗࡼ
 
 
 
 
 
 
 
 
 

ᅗ 1㸸ὶྍࡢࢀどᐇ㦂⨨ࡢᴫ␎ᅗ     ᅗ2㸸⣽ᚄࢬࣝࣀ ࣉẼᅽࡿࡍᄇᑕࡽ  ὶ࣐ࢬࣛ
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ᅗ 3㸸⣽ᚄࡢࡽࣝࢬࣀẼᅽ࣐ࢬࣛࣉࣟࢡ࣐ὶ㸪(A)0.6L/min,1.8W (B)1.2L/min,1.8W  

(C)0.6L/min (D)0.6L/min,8W (E)1.4L/min,2W (F)1.4L/min,9W 
 
㡿ᇦࡢῶᑡࡀほᐹࡓࢀࡉ㸬He ὶ㔞 1.8 L/min ࡣᩘࢬࣝࣀࣞࡢ⣽⟶ෆࡢ 600 ⛬ᗘᒙὶᇦ࠶

ᅗࡽࡉ㸬ࡿ 3 (C)ࡽRF 㟁ຊࢆ 1.5 ಸቑຍࡶ࡚ࡋᒙὶ㡿ᇦࡢῶᑡࡀぢࡓࢀࡽ㸬ࡣࢀࡇ㸪⣽ᚄ

 㸬ࡿࢀࡽ࠼⪄ࡵࡓࡍࡇ㉳ࡁᘬࢆ㏿ຍࡢⲴ㟁⢏Ꮚࡢὶ࣐ࢬࣛࣉࡀቑຍࡢ㟁⏺ᙉᗘࡢ㟁ᴟ㏆ഐࣝࢬࣀ
ᅗ 3 (D)㸪(E)ࡢ⾪✺ᄇὶ࡛ࡣ㸪ࢫ࢞ὶ㔞ࡢቑຍ࡛⾪✺ᚋࢫ࢞ࡢὶ࡞ࡁࡇࡿ࠸࡚ࡌ⏕ࡀࢀ

㊥㞳✺⾪ᚄࣝࢬࣀࡣⅬ⾜⛣ࡢὶࡽ㸬ᒙὶࡿุࡀ d 㸪ᅗࡀࡿࡍ౫Ꮡ 3 (F)ࡽ᫂ࡽ

RF 㟁ຊࡢቑຍ࡛ᇶᯈ⾪✺ᚋࡢὶ⌧㇟ࡀぢࡓࡗ࡞ࡃ࡞ࢀࡽ㸬ࡢࡇཎᅉࣝࢬࣀࡣ㟁ᴟ̺㔠ᒓᇶᯈ

㛫ࡢ㟁⏺ᙉᗘࡢቑຍࡀⲴ㟁⢏Ꮚࡢ㏿ᗘศᕸࢆไ㝈࡛ࡇࡿࡍᒙὶࡿࢀࡽ࠼⪄ࡓࡋ⾜⛣㸬 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

Ẽᅽ࣐ࢬࣛࣉࣟࢡ࣐ὶࡿࡌ⏕“ࢫ࢞ࡢ͇ࢀὶ㏿㸪RF 㟁ຊ㸪ᇶᯈ㛫㊥㞳౫Ꮡᛶࡀ᫂ࡽ

CVD/ࢢࣥࢳࢵ࢚ࡢ࣐ࢬࣛࣉ㸪Ẽᅽࡾ࡞ ࡣほⅬ࡛ࡢゎ⌮ࢫࢭࣟࣉ 65%௨ୖࡢ㐩ᡂᗘ࡛ࡿ࠶㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᐇࡢ㏿ὶ࣐ࢬࣛࣉ㸬ࡓࡋࡽ᫂ࢆせᅉࡢ͇ࢀ͆ࡢὶ࣐ࢬࣛࣉẼᅽࡾࡼἲ࣮ࣥࣞࣜࣗࢩ 

 㸬ࡿ࠶ㄢ㢟࡛ࡢᚋࡀゎᯒࢀὶࡢ࡛ࢫ࢞ࢫࢭࣟࣉࡢ➼SF6㸪CF4㸪O2ࡧࡼ࠾ 
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非侵襲熱伝導率計測時の皮膚悪性腫瘍の生体伝熱特性の解明�
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�� 研究目的�

 � 本研究では，パルス加熱中の皮膚腫瘍及び周辺組織の伝熱特性の解明を目的とし，提案す

る非侵襲熱物性計測による皮膚がん診断手法の精度向上を目指す．そのために，実際の皮膚

がん患者に対する皮膚有効熱伝導率計測及び皮膚多層モデルを用いた生体伝熱解析，さらに

生体等価ファントムによる非臨床実験を実施することで，非侵襲熱物性計測時の生体内伝熱

現象に関して定量的評価を行う． 
 
�� 研究成果の内容�

本研究では，11 名の皮膚がん患者に対して，健常皮膚と病変部において皮膚有効熱伝導率

測定を実施した．なお，事前に東北大学病院臨床研究倫理委員会の承認を得た上で，被験者

全員からインフォームド・コンセントを取得し，臨床実験を実施した．臨床実験の結果（図

1 左図），腫瘍が真皮層まで浸潤した場合，病変部の有効熱伝導率が健常部に比べて高い値を

示し，腫瘍の進行に伴い，その差異が大きくなることがわかった．数値計算結果（図１右図）

によると，皮膚有効熱伝導率は腫瘍の進行に伴う腫瘍近傍の水分量や血流量の増加による腫

瘍熱伝導率の上昇が差異の原因である可能性が示された．ただし，生体等価ファントムを用

いた非臨床実験の結果，数値解析で使用したPennes の生体伝熱方程式は血流の影響を過小

評価している可能性が示唆され，今後詳細な検討が必要である． 
 
�� 研究目標の達成状況�

本研究の実施により，非侵襲熱伝導率計測時の皮膚腫瘍および周囲組織の伝熱特性を実験

的かつ数値解析的に評価し，腫瘍深さと有効熱伝導率の挙動の関係を明らかにできたことか

ら，当初の研究目標をおおむね達成できたと考える． 
 
�� まとめと今後の課題�

� 本研究では，パルス加熱中の皮膚腫瘍及び周辺組織の伝熱特性を臨床実験，数値解析，非

臨床実験を実施することで明らかにした．今後は組織学的解析を援用することによって，腫

瘍の進行に伴う腫瘍伝熱特性変化の詳細なメカニズムの解明を目指す．�
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図�㸸浸潤⒴患者におࡅる臨床実験結果（左）と数値解析結果（右） 
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図�㸸浸潤⒴患者におࡅる臨床実験結果（左）と数値解析結果（右） 
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高繰返しレーザーパルスを用いた超音速流体制御の数値解析 
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1. 研究目的 

超音速旅客機の実用化に向けては，超音速で飛行する際に発生する衝撃波に起因する造波

抵抗やソニックブームが依然として大きな課題となっている．本研究では，これらの衝撃波

に起因する問題の解決に向けて，高繰返しレーザーパルスを用いて流れ場にエネルギーを与

えることで衝撃波を制御する非接触・局所的・能動的な高速流体制御を提案している．これ

までに本手法を用いて，実験的に衝撃波低減効果及び境界層剥離の抑制効果が示されている．

一方で，その詳しいメカニズムは調べられておらず，本研究課題では，高繰返しエネルギー

付加による高速流体制御技術について，数値解析を用いたメカニズムの解明を目指すため，

これまでの研究から実験と数値解析がよく一致することが判明している「エネルギー付加を

用いた抗力低減」の手法について，モデル化を行う． 
 
2. 研究成果の内容 

エネルギー付加によって形成される thermal bubble と衝撃波が干渉することによって衝

撃波が緩和され，衝撃波背後の圧力場が変調されることによって，抗力が低減する．このメ

カニズムに対して，圧縮性流体力学に基づいたモデル化を行った．エネルギー付加による

thermal bubble 形成の過程は，定積加熱および等エントロピー膨張を仮定する．bubble の

直径𝑑𝑑1は，𝑑𝑑13 � 𝑑𝑑03 �1� ��� � 1�𝜂𝜂Ă𝐸𝐸�/ �43𝜋𝜋 �
�0
2
�3 𝑝𝑝0��

1
�
と表すことができる．𝑑𝑑1は実験によって

得られるため，𝑑𝑑0と𝜂𝜂Ăのいずれかを実験及び数値解析によって決定することで，thermal 
bubble の状態量を決定することができるため，超高速度カメラを用いた breakdown の初期

過程の可視化を行い，𝑑𝑑0 � 2.8 mm と決定した．これらの値を用いて，𝜂𝜂Ăを定めた結果，𝜂𝜂Ă �
Ϭ.Ϯϱという値が得られた．超音速抗力低減実験でも𝜂𝜂Ă � Ϭ.Ϯϱと，可視化画像から得られた𝑑𝑑1
を用いて𝑑𝑑0を評価した結果，𝑑𝑑0 � 2.26 mm となった． 
次に，衝撃波と bubble の干渉による衝撃波の挙動についてモデル化を行った．干渉中の

衝撃波の挙動はリーマン問題を解くことによって得られるため，bubble の状態量と衝撃波

マッハ数で決定される．干渉後の衝撃波の挙動は，緩和された衝撃波背後の圧力が初期の圧

力に回復する過程と考え，圧力場を時間の関数として𝑝𝑝�𝑡𝑡� � �𝑝𝑝5 � 𝑝𝑝Ϯ� ĞǆƉ���𝑡𝑡 � 𝑡𝑡Ĩ�/Δ𝑡𝑡� �
𝑝𝑝5を導入してモデル化を行った．Δ𝑡𝑡のみが未知のパラメータであったため，衝撃波の変形量

𝑥𝑥Ĩと干渉後の衝撃波速度𝑈𝑈ƚを用いて，Δ𝑡𝑡 � 𝑈𝑈ƚ/𝑥𝑥Ĩとした．これらの仮定と，圧力場の時間変化

の式を用いることで，衝撃波の位置を解析的に求めることができる．図 1 に解析，数値計算

および実験から得られた衝撃波の位置の挙動を示す．いずれの結果もよく一致しており，上
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課題分野 基盤流体科学分野 
研究期間 2018.4 ~2019.3 
継続年数 3 年目 

－ 33 －



グのようなモデル化で衝撃波の挙動を⌧することができた． 
図 1 に示す解析では，ྛ 時้の衝撃波๓後の状態量がて᪤知となっているため，繰返し

計算を行うことができる．一として，繰返し࿘波数を 30 kHz とした場ྜの解析結果を図 
2 に示す．༑分な繰返しを行うことで，衝撃波の位置が定ᅾ化しており，その位置は初期位

置よりも上流に⛣動している．衝撃波が定ᅾする位置は繰返し࿘波数とともに上流に⛣動す

るഴ向が得られ，これらの結果は過ཤの実験，数値計算結果と一致する． 
 

  
図 1  ༢一パルスのbubbleと衝撃波の干渉に

よる衝撃波の挙動 
図 2  繰返し࿘波数 30 kHz のエネルギー付

加を行った場ྜの衝撃波挙動の解析結果 
 
 
�. 研究目ᶆの㐩成≧ἣ 

本申請課題では，繰返しエネルギー付加による抗力低減手法について，モデル化を行い，

実験，数値計算とのẚ㍑を行った．衝撃波の挙動のモデル化については実験，数値計算とも

よく一致する結果が得られたことから，繰返しエネルギー付加による衝撃波の変調について

は本解析を用いることで実験，計算時間の大ᖜな▷縮が可能となった．一方，✵力的な性能

評価指ᶆとなる抗力低減量と繰返しの効果については༑分なモデル化に⮳っていない． 
 
 ᚋのㄢ㢟ࡵࡲ .�

「3 研究目ᶆの㐩成状ἣ」に㏙べたとおり，繰返しエネルギー付加による衝撃波の変調に

ついてはモデル化を行ったものの，✵力的な性能評価指ᶆとなる抗力低減量と繰返しの効果

については༑分なモデル化に⮳っておらず，回モデル化した結果から，衝撃波の背後の状

態量を用いて 3 次ඖ的な効果を㋃まえた抗力低減量を評価するモデル化が後の課題であ

る． 
 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

なし 
2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] A. Iwakawa, A. Sasoh and S. Obayashi: Supersonic drag reduction model using repetitive 
pulse laser energy deposition, Proceedings. of the 18th International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-75, pp. 156-157. 
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⚟ᒣ ᩔᙪ*†，ᐮ川 ㄔ**†† 
◽ ဴ㞝*，ᒸ⏣ ** 

*ᐑᓮ大学工学教⫱研究㒊，**東北大学流体科学研究所 
†申請者，††所内対応教員 

 

1. 研究目的 

量Ꮚࣀࢼᵓ造が示すࣂンࢻᵓ造，≉にࢮロ次ඖ状態ᐦ度やࢻットᵓ造間の㟁Ꮚ┦స用は，

ኴ㝧㟁ụやレーザー等エネルギー変デࣂスを飛㌍的に向上さࡏる可能性がある．しかし

ながらこれまでⰋ㉁の量Ꮚࣀࢼᵓ造を得ることがᅔ㞴であったため，ල体的な研究は㐍ࢇで

いなかった．そこで，流体科学研究所において中性ࣅームとࢸ࢜ࣂンࣉレートを用いてస

〇に成ຌしたつ๎㓄ิࣀࢼデスクᵓ造㸦௨ୗ，41'㸧が形成するࣂンࢻᵓ造を，ᐑᓮ大学

が所᭷するྛ✀ග学的手法を用いて解明する．᭦にはそのࣂンࢻᵓ造を制御することで，ᚑ

᮶のኴ㝧㟁ụやレーザーの飛㌍的な効⋡向上にᐤ与する知ぢを得る． 
 
2. 研究成果の内容 

 年度までの研究より，ࢸ࢜ࣂンࣉレートを用いた中性Ꮚࣅームエッࢳンࢢ㸦௨ୗ1%(㸧

技術でస〇した41'では㠃内方向のᙉい量Ꮚ㛢㎸め効果がᏑᅾすることを，発ග結ྜを᳨

ฟする࢛ࣇトル࣑ネッࢭンス㸦௨ୗ3/㸧法とQH[WQDQR ンから実ドした．本ࣙࢩレー࣑ࣗࢩ

年度は，41' をデࣂス応用する際に問題となるエネルギー熱ᦆኻにὀ目した．㆟ㄽの⡆␎

化を目的として，6Lࢧࣀࢼズᰕ状ᵓ造を流体科学研究所内でస〇し，その非発ග結ྜを

ᐑᓮ大学の圧㟁⣲Ꮚᆺග熱変分ග�௨ୗ337�法で 定した． 

 まず，��� QP の 6L2ࣂ�ッࣇ層を᭷する 6L 基ᯈ上に↓ῧ加の 6L ⭷を分Ꮚ⥺エピタࢩ࢟

ー法で�� QP成⭷さࡏた．その後，1%(技術によって直径�� QP，高さ�� QPの6Lࢧࣀࢼ

ズᰕ状ᵓ造㸦6L QDQRSLODU� 6L�13㸧をస〇した．᭱後に，熱化学Ẽ┦成㛗法によって6L�13

間を6L���*H���でᇙめ㎸ࡔࢇ．ẚ㍑用に6L基ᯈ上に6L*H⭷のみを成⭷したヨᩱも用ពした． 

 図�に� .における3/ 定の結果を示す．6Lのࣂンࢻギࣕッࣉ㸦� .で���� H9㸧付㏆に

ከ数のピークがほ され，ᩥ⊩とのẚ㍑から 6L における 72 および 7$ ⏤⮬ンをకうࣀ࢛ࣇ

ບ起Ꮚ発ගと同定できた．このことから�స〇した6L�13は6L結ᬗのࣂンࢻᵓ造をಖってい

ることが☜ㄆできた．図 � にᐊ での 337  定結果を示す．୧ヨᩱともに 6L 起因のピーク

がほ されたが，6L�13ヨᩱは6L*H⭷ヨᩱにẚべてಙ号ᙉ度が大ᖜに減ᑡした．回の337

 定㓄置では，6L基ᯈでのග྾によって発生したࣀ࢛ࣇン㸦熱㸧が，6L�13層あるいは6L*H

層をఏᦙしてヨᩱ㠃に㈞り付けた㏱明トランスࣗࢪーࢧに฿㐩する．実験結果から，熱の

ఏᦙが6L�13によってጉࡆられたことで337ಙ号ᙉ度が減ᑡしたものと考えられる．より詳

⣽に解析するために，᳨ฟගを����と���� QPにᅛ定し，᩿続࿘波数を��から���� +]ま

課題番号 J18I016 
区分 一般共同研究 

課題分野 ⎔境・エネルギー分野 
研究期間 2018.3 ~2019.3 
継続年数 3 年目 
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で変化さࡏた．᩿続࿘波数ቑ加によって337ಙ号ᙉ度が減ᑡしGLSが⌧れるが，そのGLSは

6L�13と6L*H⭷ヨᩱでそれࡒれ���と���� +]にほ された．↔㟁⌮ㄽに基づくග熱変ಙ

号の⌮ㄽ計算より，6L�13ᵓ造の熱ఏ導⋡がࣂルク6Lとẚ㍑して��分の�程度まで減ᑡし

たときにGLSが ��� +] ㏆㎶に⌧れることが分かった．つまり，6Lを量Ꮚࣀࢼᵓ造にするこ

とで，そのࣂンࢻᵓ造㸦ග学的≉性㸧を変化さࡏることなく熱ఏ導度のみを大ᖜに減ᑡでき

ることを実験的に実ドした． 
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 図�㸸� .の3/ス࣌クトルẚ㍑      図�㸸ᐊ の337ス࣌クトルẚ㍑ 

 
�. 研究目ᶆの㐩成≧ἣ 

 本研究は，つ๎㓄ิࣀࢼデスクᵓ造が形成するࣂンࢻᵓ造を解明・制御し，ኴ㝧㟁ụや

レーザーの飛㌍的向上にᐤ与する知ぢを得ることが目的であった．年度までに�6L をࣀࢼ

デスク化することでࣂンࢻᵓ造を制御できることを明らかにした．年度は，デࣂス応

用の際に㞀ᐖとなる熱ᨺฟによるエネルギーᦆኻに╔目し�337 ಙ号ᙉ度࿘波数依Ꮡ性から

熱ఏ導⋡の評価を行ったとこࣂ�ࢁルク 6L の �� 分の � 程度まで熱ఏ導⋡が低ୗしたことが

分かった．これはデࣂス応用に際して㔜せな知ぢであり�㐩成度は�と判᩿する． 
 
 ᚋのㄢ㢟ࡵࡲ .�

 東北大流体研のస〇技術によってḞ㝗のᑡないつ๎㓄ิࣀࢼデスクをస〇することがで

きること�ᐑᓮ大のྛ✀評価技術によってそれらのࣂンࢻᵓ造および熱的≉性の詳⣽評価が

可能であることが示された．後はデࣂス応用を᥎㐍するためࣀࢼ�ᵓ造と熱的≉性の関ಀ

性に↔Ⅼを⤠って᪂たな共同研究をᒎ㛤する． 

 

�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

なし 
2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 

 [1] ᯇ⏣┿輝� 大ᇼ大� ᐮ川ㄔ� ◽ဴ㞝� ⚟ᒣᩔᙪ� ↓Ḟ㝗 6L リࣕ࢟ピラーᵓ造のࣀࢼ

結ྜ過程評価� ᖹ成��年⛅Ꮨ➨��回応用≀⌮学学術ㅮ₇� ������� ��S�3%���� 

*[2] N. Matsuda, T. Nakamura, D. Ohori, S. Samukawa, T. Ikari, A. Fukuyama: Optical 
properties of Si nanopillar/Si0.7Ge0.3 composite film fabricated by using a neutral beam 
etching technique, Proceedings of the 18th International Symposium on Advanced Fluid 
Information, Sendai, (2018), CRF-46, pp. 94-95. 
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Internal Defect of Plastic-Fabricated Carbon Fiber Reinforced Thermo Plastics 
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1. ◊✲目ⓗ 

⇕◳ᛶᶞ⬡ࡓ࠸⏝ࢆⅣ⣲⧄⥔ᙉࢡࢵࢳࢫࣛࣉ㸦CFRP㸧ࡣ㍍㔞࡛ࡾ࠶㧗ᙉᗘ࡛ࡓࡿ࠶

F1ࡸ㸪⯟✵࣭Ᏹᐂ㒊ရࡵ 㸪CFRPࡋࡋ㸬ࡿ࠸࡚ࡁ࡚ࢀࡽ࠸⏝ࡃከ㒊ရࡢ➼ ࢡࢺ࣮࢜ࡣ

㛫㸪ᡂᙧࡵࡓࡿ࠶ࡀᚲせࡿࡍᡂᙧ࡚ࡋไᚚࢆᅽຊᗘ ࡚࠸⏝ࢆ⨨ᡂᙧࡢ࡞ࣈ࣮ࣞ

㸪ࡣࡵࡓࡿࡍ⏝㒊ရࡢ࡞㌴ື⮬ࢆࢡࢵࢳࢫࣛࣉ㸬ᚋ㸪Ⅳ⣲⧄⥔ᙉࡿ࠶ᚲせ࡛ࡀ

ᡂᙧ㛫ࢆ▷⦰ࢆࢺࢫࢥ࡚ࡋ๐ῶࡿࡏࡉᚲせࡿ࠶ࡀ㸬㏆ᖺ㸪⇕ྍረᛶᶞ⬡ࢆẕᮦࡓࡋⅣ

⣲⧄⥔ᙉࢡࢵࢳࢫࣛࣉ㸦CFRTP㸧ࡀ㛤Ⓨࡿ࠸࡚ࡁ࡚ࢀࡉ㸬CFRTP ࡿࡍ㌾ࡿࡍ⇕ຍࡣ

࡛⬟ྍࡀረᛶຍᕤࡢ࡞ຍᕤ᩿ࢇࡏࡸᡂᙧࢫࣞࣉࡓࡁ࡚ࡋᡂᙧࢆ㌴㒊ရື⮬࡛ࡲࢀࡇ㸪ࡵࡓ

ᮦᩱ࡛࠸ࡍࡸࡋኚᙧࡣ⬡㸪⇕ྍረᛶᶞࡋࡋ㸬ࡿ࠸࡚ࢀࡉᮇᚅࡀ๐ῶࢺࢫࢥ㸪࡚ࡗ㸬ᚑࡿ࠶

 㸬ࡿࡍ⏕ⓎࡀᏍ✵ෆ㒊ࡽᕪࡢࡑ㸪ࡵࡓࡿ࠶ᮦᩱ࡛࠸ࡃࡋኚᙧࡣ⥔⧅㸪Ⅳ⣲ࡀࡿ࠶
ᮏ◊✲࡛ࡣ㸪ᡂᙧ ᗘࢆኚ࣒࢘ࢽ࣑࡚ࣝࡏࡉ㒊ရCFRTP ෆ㒊ࡢ㝿ࡓࡋረᛶຍᕤࢆ

Ḟ㝗ࡢⓎ⏕࣓ࢆ࣒ࢬࢽ࢝᫂ࢆࡇࡿࡍࡽ┠ⓗࡿࡍ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᅗ㸯CFRTP A5052 CFRTP㸪ᅗ㸰ࡓࡲ㸬ࡍ♧ࢆᴫ␎ᅗࡢ᥋ྜ㒊ရࡢ A5052 ࡢ

᥋ྜရࡢእほ┿ࡍ♧ࢆ㸬 
 

         
ᅗ 1㸸CFRTP A5052 ᴫ␎ᅗ  ᅗࡢ᥋ྜရࡢ 2㸸CFRTP A5052  ┿እほࡢ᥋ྜရࡢ

 
㉸㡢Ἴᫎീ⨨࡚࠸⏝ࢆ CFRTP-A5052 ᥋ྜయ⏺㠃ࡢ㉸㡢Ἴᫎീほᐹྍࡢ⬟ᛶ࡚࠸ࡘ

᳨ウࡓࡋ㸬㉸㡢Ἴ᥈യヨ㦂᳨ࡢᰝ᪉ྥࢆᅗ㸱ࡍ♧㸬CFRTP-A5052 ᯈᮦ᥋ྜయࡢ᥈യࢆ

CFRTP ഃ㸪A5052 ഃࡽᐇࡓࡋ㸬ࢺ࣮ࣞࢺࢫ⁁㸪ࡢࣝࣉࣥࢧ⁁࣮ࣃ࣮ࢸほᐹࢆ 50MHz

ㄢ㢟␒  ྕ J18I019 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 
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 㸬ࡓࡋ᥈ゐᏊ࡛ᐇࡢ
 

           
ᅗ 3㸸᳨ ᰝ᪉ྥ    ᅗ 4㸸CFRTP ഃࡢࡽほᐹ㸦15MHz㸧 ᅗ 5㸸A5052 ഃࡽ᥈യ㸦50MHz㸧 
 

CFRTP ഃࡢࡽほᐹ࡛ࡣ㸪15MHz ࡣ࡛ࢺ࣮ࢤ㸪యἼᙧࡀࡿ࠶࡛⬟᥈ゐᏊ࡛ほᐹྍࡢ

CFRTP ẕᮦࡢࡳࡢ⏬ീࡋᚓࡎࢀࡽ㸪⏺㠃ࡓࡅࢆࢺ࣮ࢤሙྜࡣẕᮦࡢḞ㝗ᙳ㡪ࡉ

㸦ᅗ㸲㸧㸬A5052ࡓࡗ࠶࡛⬟ᗘほᐹྍ⛬ࡿ࠶㸪ࡀࡿࢀ ഃࡣࡽ 50MH㹸ࡢ᥈ゐᏊ࡛ࡿ࠶⛬ᗘ

ほᐹྍ⬟࡛ࡓࡗ࠶㸬᥋ྜ⏺㠃ࡿ࠶࡛ࡇࡿࡅࢆࢺ࣮ࢤ⛬ᗘほᐹྍ⬟࡛ࡀࡿ࠶㸪CFRTP
ᮦࢇࢁࡕࡶࡣ㸪࣑ࣝ⣲ᮦࡶḞ㝗ࡾ࠶ࡀほᐹࡓࡗ࠶࡛ࣝࣉࣥࢧ࠸ࡃࡋ㸦ᅗ㸳㸧㸬0.1mm
⛬ᗘࡢḞ㝗ࢆ☜ᐇ᥈യࡢ≦⌧ࡣࡢࡿࡍẕᮦࡢ⛬ᗘࡽᅔ㞴࡛ࡓࡗ࠶㸬 

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ヨ㦂∦ࡢ᥈യᐇ㦂ࢆᐇࡀࡓࡋ㸪0.1mm ⛬ᗘࡢḞ㝗ࢆ☜ㄆࡵࡓࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍ

30㸣ࡢ㐩ᡂ࡛ࡿࢀࡽ࠼⪄ࡿ࠶㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

CFRTP 㸪ෆ㒊Ḟ㝗࡛ࡇࡿࡍࡽ᫂ࢆ࣒ࢬࢽ࣓࢝⏕Ⓨࡢෆ㒊Ḟ㝗ࡿࡅ࠾ረᛶຍᕤࡢ

CFRTP࠸࡞ࡢ 〇ࡢ〇ရࢆᡂᙧࡿ࡞⬟ྍࡀࡇࡿࡍ㸬ᮏᖺᗘࡢᡂᯝ࡛ࡣෆ㒊Ḟ㝗ࢆ☜ㄆࡍ

 㸬࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋウ᳨ࢆ᥈യ᪉ἲࡶ㸪ᚋࡵࡓࡓࡗ࠶ᅔ㞴࡛ࡀࡇࡿ
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 
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 㸬ࡓࡋ᥈ゐᏊ࡛ᐇࡢ
 

           
ᅗ 3㸸᳨ ᰝ᪉ྥ    ᅗ 4㸸CFRTP ഃࡢࡽほᐹ㸦15MHz㸧 ᅗ 5㸸A5052 ഃࡽ᥈യ㸦50MHz㸧 
 

CFRTP ഃࡢࡽほᐹ࡛ࡣ㸪15MHz ࡣ࡛ࢺ࣮ࢤ㸪యἼᙧࡀࡿ࠶࡛⬟᥈ゐᏊ࡛ほᐹྍࡢ

CFRTP ẕᮦࡢࡳࡢ⏬ീࡋᚓࡎࢀࡽ㸪⏺㠃ࡓࡅࢆࢺ࣮ࢤሙྜࡣẕᮦࡢḞ㝗ᙳ㡪ࡉ

㸦ᅗ㸲㸧㸬A5052ࡓࡗ࠶࡛⬟ᗘほᐹྍ⛬ࡿ࠶㸪ࡀࡿࢀ ഃࡣࡽ 50MH㹸ࡢ᥈ゐᏊ࡛ࡿ࠶⛬ᗘ

ほᐹྍ⬟࡛ࡓࡗ࠶㸬᥋ྜ⏺㠃ࡿ࠶࡛ࡇࡿࡅࢆࢺ࣮ࢤ⛬ᗘほᐹྍ⬟࡛ࡀࡿ࠶㸪CFRTP
ᮦࢇࢁࡕࡶࡣ㸪࣑ࣝ⣲ᮦࡶḞ㝗ࡾ࠶ࡀほᐹࡓࡗ࠶࡛ࣝࣉࣥࢧ࠸ࡃࡋ㸦ᅗ㸳㸧㸬0.1mm
⛬ᗘࡢḞ㝗ࢆ☜ᐇ᥈യࡢ≦⌧ࡣࡢࡿࡍẕᮦࡢ⛬ᗘࡽᅔ㞴࡛ࡓࡗ࠶㸬 

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ヨ㦂∦ࡢ᥈യᐇ㦂ࢆᐇࡀࡓࡋ㸪0.1mm ⛬ᗘࡢḞ㝗ࢆ☜ㄆࡵࡓࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍ

30㸣ࡢ㐩ᡂ࡛ࡿࢀࡽ࠼⪄ࡿ࠶㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

CFRTP 㸪ෆ㒊Ḟ㝗࡛ࡇࡿࡍࡽ᫂ࢆ࣒ࢬࢽ࣓࢝⏕Ⓨࡢෆ㒊Ḟ㝗ࡿࡅ࠾ረᛶຍᕤࡢ

CFRTP࠸࡞ࡢ 〇ࡢ〇ရࢆᡂᙧࡿ࡞⬟ྍࡀࡇࡿࡍ㸬ᮏᖺᗘࡢᡂᯝ࡛ࡣෆ㒊Ḟ㝗ࢆ☜ㄆࡍ
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Me-DLCࣀࢼᵓ㐀ࡿࡼᦶ᧿㠃 ᗘ᳨ฟᶵ⬟ࢆ᭷ື࠺ࡹࡋ⭷ⷧࡿࡍᮦᩱࡢ◊✲ 

Study on the Function of Me-DLC Nano-Composite Coatings Acting as Thermo-Sensor  

in the Sliding Interface 
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1. ◊✲目ⓗ 

㌾㉁㔠ᒓྛ✀ DLC ᵓ㐀ࣀࢼࡢ㉁Ⅳ⣲⭷㸦Me-DLC㸧◳ྜ「ࣀࢼࡿ࡞ࡽࢫࢡࣜࢺ࣐

⬟ሙほᐹᶵࡢࡑ㠃 ᗘ⏺ࡿࡅ࠾㸪ᦶ᧿⏺㠃ࡋࡽ᫂ࢆᗘ౫Ꮡᛶ ࡢ⋠㟁Ẽᢠࡢ⭷ࡿࡼ

࠾⛬ᦶ᧿࣭ᦶ⪖㐣࡞㸪㐣Ώⓗࡋ᥈ồࢆᛶ⬟ྍࡢᮦᩱ〇ື࠺ࡹࡋ⭷ᕫ₶ᛶⷧ⮬ࡿࡍ᭷ࢆ

㸪Me-DLC࡛ࡇࡿࡍ⬟ྍࢆไᚚ࡞⢭ᐦࡢᦶ᧿⏺㠃ᛂࡿࡅ ࡹࡋࡓࡋ⏝ࢆᮦᩱື࠺ࡹࡋ

㸬Ỉ⣲㠀ྵ᭷ࡿࡍⓗ┠ࢆࡇࡿࡍ㈨❧☜ࡢタィᡭἲ࡞㧗⢭ᗘࡢᶵᵓື࠺ DLC ࢡࣜࢺ࣐

ࡓࡋศᩓࢆ㖡ࡧࡼ࠾㖟୰ࢫ Me-DLC ࢵࣛࣉᒣཱྀᚤ⣽ຍᕤࡣᡂ࣭ᵓ㐀ホ౯⤌⭷⭷ᡂࡢ

ࡧࡼ࠾࣒࣮࢛ࣇࢺ JST ᣐⅬᶵჾࢆ⏝ࡋ㸪㟁Ẽⓗ≉ᛶホ౯ࡣᮾᏛࡢᶵჾࢆ⏝ࡿࡍ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

 
 
 
 
 
 
 
 
 
 

  (a) Ag-DLC                                 (b) Cu-DLC 
ᅗ 1㸸Ag-DLC Cu-DLCࡧࡼ࠾  ᢠ⋡㸦Ẽ୰ᐊ 㸧ࡿࡍᑐ㔠ᒓྵ᭷㔞ࡢ

 
ὶయ⛉Ꮫ◊✲ᡤ㧗ᮌ◊✲ᐊᡤ᭷ࡢ㸲᥈㔪ⷧ⭷ᢠ⋡ ᐃ⨨ࢆ⏝ࡋ㸪ሗ࿌⪅⮬⊃ࡀ㛤

Ⓨྠࡓࡋᚰ」ྜࢆࢺࢵࢤ࣮ࢱ⏝ࡓࡋ㧗࿘Ἴࢱࢵࣃࢫࣥࣟࢺࢿࢢ࣐ἲࡾࡼᡂ⭷ࡓࡋỈ

⣲㠀ྵ᭷ࡢ Ag-DLC ࡧࡼ࠾ Cu-DLC ᅗࢆᯝ⤖ࡢࡑ㸬ࡓࡵồࢆ⋠ᢠࡿࡍᑐ㔠ᒓྵ᭷㔞ࡢ

㸪Ag-DLC㸪ࡀࡿ࠶cmྎ࡛:� 2-10ࡣ⋠ᢠࡢỈ⣲㠀ྵ᭷DLC࠸࡞ࡲྵࢆ㸬㌾㉁㔠ᒓࡍ♧1
Cu-DLC ඹ㔠ᒓྵ᭷㔞ࡢቑຍక࠸ᢠ⋡ࡣῶᑡࡿࡍ㸬ࡋࡋ㸪Cu ྵ᭷㔞ᑐࡿࡍᢠ

ㄢ㢟␒  ྕ J18I020 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 
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⋡ῶᑡ⋡୍ࡰࡀᐃ࡛ࡢࡿ࠶ᑐࡋ㸪Ag-DLC ࡣ Ag ྵ᭷㔞ࡀ⣙ 30 at.%㏆࡛ᢠ⋡ῶᑡ

㸬Cu-DLCࡓࡗ࡞ᯝ⤖ࡿࡍቑຍᛴ⃭ࡀ⋠ ࡣ⋠ᢠࡢ Cu ྵ᭷㔞 75 at.%㏆࡛ 6×10-4 
:cm࡛ࡀࡿ࠶㸪Ag-DLCྵࡣ᭷㔞50 at.%㏆࡛⣧㖟⭷6-10ࡢ➼ྠࡰ :cmྎ࡛ࡓࡗ࠶㸬 

DLC ୰ࡢAg Cuࡧࡼ࠾ 㸪㏱㐣㟁Ꮚࡵࡓࡿࡍㄪᰝࢆᕪࡢᢠ⋡ኚᣲືࡿࡍᑐ᭷㔞ྵࡢ

㢧ᚤ㙾㸦TEM㸧ࡿࡼMe-DLC ⭷᩿㠃ࣀࢼࡢᵓ㐀ほᐹࢆᐇࡓࡋ㸬ࡢࡑ⤖ᯝࢆᅗ 2 㸬ࡍ♧

ᯝ㸪Ag⤖ࡢࡑ Cuࡣࡓࡲ ྵ᭷㔞ࡀ 50 at.%ࢆ㉺ࡿ࠼Me-DLC Agࡓࡋῧຍࡣ㠃⾲ࡢ ࡣࡓࡲ

Cu 㸪Ag࡚࠸࠾㔠ᒓྵ᭷㔞ࡢྎ%.㸬50 atࡓࡋㄆ☜ࢆࡇࡿࢀࡉᙧᡂࡀ㠃೫ᯒᒙ⾲ࡿࡼ
೫ᯒᒙࡣ Cu ೫ᯒᒙࡢ 3 ಸ௨ୖࡢཌࡢࡉ㐃⥆⭷࡛ࡀࡓࡗ࠶㸪Cu ೫ᯒᒙ࠸ⷧࡣ㐃⥆⭷࡛࠶

㸪Ag-DLC㸪Cu-DLC࡚ࡗ㸬ᚑࡓࡗ ඹ㔠ᒓྵ᭷㔞ࡢቑຍక࡚ࡗ㐃⥆࡞⾲㠃೫ᯒᒙࡀᙧ

ᡂࢀࡉ㸪೫ᯒᒙࡢቑຍక࡚ࡗ㐃⥆⭷ࡽ㐃⥆⭷ኚࡋ㸪ぢࡢࡅᢠ⋡ࡀᛴ⃭పୗ

 㸬ࡿࢀࡽࡳࡢࡶࡓࡋ
 

 
 
 
 
 
 
 
 
 
 

ᅗ 2㸸Me-DLC ⷧ⭷᩿㠃ࡢ㏱㐣㟁Ꮚ㢧ᚤ㙾ほᐹࡿࡼAg Cuࡧࡼ࠾ ⾲㠃೫ᯒᒙ 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ḟୡ௦Ⅳ⣲ື࠺ࡹࡋྜ「ࣀࢼᮦᩱࡢ᥋ゐ⏺㠃ᛂไᚚࢆ㧗⢭ᗘไᚚࢫࢩ࣎ࣛࢺࡿࡍ

ࡿࡍᑐ⬟ᶵࢧࣥࢭࡿࡼᗘ౫Ꮡᛶ ࡢ㸪ẚᢠ࡚ࡅྥ❧☜ࡢタィᡭἲ࣒ࢸ Me-DLC ࢼ

 㸬ࡓࡋࡽ᫂ࢆ➃୍ࡢᙳ㡪ࡢᵓ㐀ࣀ
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Me-DLC ࡼ㸬ῧຍ㔠ᒓࡓࡋㄪᰝ࡚ࡋ┠╔㠃೫ᯒᒙ⾲ࢆ㛵ಀࡢ㟁Ẽⓗᛶ㉁ᵓ㐀ࣀࢼࡢ

 㸬ࡿ࠶ㄢ㢟࡛ࡢᚋࡀࡇࡿࡍࡽ᫂ࢆ⏺ῧຍ⃰ᗘ㝈࠸࡞ࡌ⏕ࡀ㠃೫ᯒᒙ⾲ࡿ
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*[1] Minoru Goto, Toshiyuki Takagi, Kosuke Ito, Hiroyuki Miki, Hiroyuki Kosukegawa: 
Study on the function of Me-DLC nano-composite coatings acting as thermo-sensor in 
the sliding interface, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-33, pp. 68-69. 

[2] ᚋ⸨ᐇ㸪ᒣᑗᑦ㸸㌾㉁㔠ᒓ/DLC ࣀࢼࡢ」ྜᵓ㐀ࡢ࣒ࣝࣇ࣎ࣛࢺࡀᙧᡂᦶ᧿ᣲື

ࡿ࠼ຠᯝ㸪࣮ࢪࣟ࣎ࣛࢺ㆟ 2018 ⛅ఀໃᚿᦶண✏㞟㸪(2018), USB 㓄ᕸ C26. 
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:cm࡛ࡀࡿ࠶㸪Ag-DLCྵࡣ᭷㔞50 at.%㏆࡛⣧㖟⭷6-10ࡢ➼ྠࡰ :cmྎ࡛ࡓࡗ࠶㸬 

DLC ୰ࡢAg Cuࡧࡼ࠾ 㸪㏱㐣㟁Ꮚࡵࡓࡿࡍㄪᰝࢆᕪࡢᢠ⋡ኚᣲືࡿࡍᑐ᭷㔞ྵࡢ

㢧ᚤ㙾㸦TEM㸧ࡿࡼMe-DLC ⭷᩿㠃ࣀࢼࡢᵓ㐀ほᐹࢆᐇࡓࡋ㸬ࡢࡑ⤖ᯝࢆᅗ 2 㸬ࡍ♧

ᯝ㸪Ag⤖ࡢࡑ Cuࡣࡓࡲ ྵ᭷㔞ࡀ 50 at.%ࢆ㉺ࡿ࠼Me-DLC Agࡓࡋῧຍࡣ㠃⾲ࡢ ࡣࡓࡲ

Cu 㸪Ag࡚࠸࠾㔠ᒓྵ᭷㔞ࡢྎ%.㸬50 atࡓࡋㄆ☜ࢆࡇࡿࢀࡉᙧᡂࡀ㠃೫ᯒᒙ⾲ࡿࡼ
೫ᯒᒙࡣ Cu ೫ᯒᒙࡢ 3 ಸ௨ୖࡢཌࡢࡉ㐃⥆⭷࡛ࡀࡓࡗ࠶㸪Cu ೫ᯒᒙ࠸ⷧࡣ㐃⥆⭷࡛࠶

㸪Ag-DLC㸪Cu-DLC࡚ࡗ㸬ᚑࡓࡗ ඹ㔠ᒓྵ᭷㔞ࡢቑຍక࡚ࡗ㐃⥆࡞⾲㠃೫ᯒᒙࡀᙧ

ᡂࢀࡉ㸪೫ᯒᒙࡢቑຍక࡚ࡗ㐃⥆⭷ࡽ㐃⥆⭷ኚࡋ㸪ぢࡢࡅᢠ⋡ࡀᛴ⃭పୗ

 㸬ࡿࢀࡽࡳࡢࡶࡓࡋ
 

 
 
 
 
 
 
 
 
 
 

ᅗ 2㸸Me-DLC ⷧ⭷᩿㠃ࡢ㏱㐣㟁Ꮚ㢧ᚤ㙾ほᐹࡿࡼAg Cuࡧࡼ࠾ ⾲㠃೫ᯒᒙ 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ḟୡ௦Ⅳ⣲ື࠺ࡹࡋྜ「ࣀࢼᮦᩱࡢ᥋ゐ⏺㠃ᛂไᚚࢆ㧗⢭ᗘไᚚࢫࢩ࣎ࣛࢺࡿࡍ

ࡿࡍᑐ⬟ᶵࢧࣥࢭࡿࡼᗘ౫Ꮡᛶ ࡢ㸪ẚᢠ࡚ࡅྥ❧☜ࡢタィᡭἲ࣒ࢸ Me-DLC ࢼ

 㸬ࡓࡋࡽ᫂ࢆ➃୍ࡢᙳ㡪ࡢᵓ㐀ࣀ
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Me-DLC ࡼ㸬ῧຍ㔠ᒓࡓࡋㄪᰝ࡚ࡋ┠╔㠃೫ᯒᒙ⾲ࢆ㛵ಀࡢ㟁Ẽⓗᛶ㉁ᵓ㐀ࣀࢼࡢ
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 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] Minoru Goto, Toshiyuki Takagi, Kosuke Ito, Hiroyuki Miki, Hiroyuki Kosukegawa: 
Study on the function of Me-DLC nano-composite coatings acting as thermo-sensor in 
the sliding interface, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-33, pp. 68-69. 

[2] ᚋ⸨ᐇ㸪ᒣᑗᑦ㸸㌾㉁㔠ᒓ/DLC ࣀࢼࡢ」ྜᵓ㐀ࡢ࣒ࣝࣇ࣎ࣛࢺࡀᙧᡂᦶ᧿ᣲື

ࡿ࠼ຠᯝ㸪࣮ࢪࣟ࣎ࣛࢺ㆟ 2018 ⛅ఀໃᚿᦶண✏㞟㸪(2018), USB 㓄ᕸ C26. 
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1. ◊✲目ⓗ 

㏆ᖺᩘ್ゎᯒ࡚࠸࠾☜ᐇᛶࢆ⪃៖ࡋ㸪☜ࢆࡉᣢࡘධຊࡢᙳ㡪ࡓࡵྵࢆゎᯒ࠺⾜ࢆ

☜ᐇᛶゎᯒᢏ⾡ࡀὀ┠ࡿ࠸࡚ࢀࡉ㸬ᩘ್ゎᯒࡣඖ᮶Ỵᐃㄽⓗ࡛ࡀࡿ࠶㸪⌧ᐇၥ㢟࡛ึࡣᮇ

᮲௳ࡢኚືࡾࡼ࡞ࡁࡘࡽࡤࡢࢱ࣮࣓ࣛࣃࣝࢹࣔࡸ☜ᐇᛶࡿ࠺ࡌ⏕ࡀ㸬ᮏ◊✲࡛ᑐ㇟

☜ࢆ࡞ࢱ࣮ࢹᾏᗏᆅᙧࡸỈ῝࣭ὶ㏿ศᕸࡢ௳㸪ึᮇ᮲ࡤ࠼ゝ࡚࠸ࡘὠἼỏ℃ὶࡿࡍ

್࣮ࣛ࢝ࢫ༢⣧࡛ࡲࢀࡇ㸪ࡾࡼ⾜ᐇࡢ㸬☜ᐇᛶゎᯒࡿࡁ࡛ࡀࡿ࠼⪄ධຊኚᩘ࡞

ࡿᚓࢆ࡞ᖹᆒ࣭ᶆ‽೫ᕪ࣭☜⋡ᐦᗘ㛵ᩘࡢࡑ㸪࡚࠸ࡘฟຊኚᩘࡢព௵ࡓ࠸࡚ࢀࡽᚓ࡚ࡋ

ࡿࢀࡽ࠼⪄ࡿ࡞⬟ྍࡀ ⅏ᐖணࡢὠἼỏ℃ὶ࡞㧗ᗘࡾࡼ㸪ࡾࡼࢀࡇ㸬ࡿࡁ࡛ࡀࡇ

ࡇࡃ࠸࡚ࡏࡉ⇍ᡂࢆ⾡ᢏࣥࣙࢩ࣮࣑ࣞࣗࢩ್ᩘࡢὠἼỏ℃ὶࡓࡋ៖⪄ࢆ㸪☜ᐇᛶࡽ

 㸬ࡿ࠶ࡀ⩏ពࡶࡽഃ㠃࡞㸪ᏳᕤᏛⓗࡣ
ᮏ◊✲ㄢ㢟࡛࡛ࡲࢀࡇࡣ㸪ከ㡯ᘧࢫ࢜࢝ἲᇶ࡙࡚࠸ὠἼỏ℃ὶࡢᨭ㓄᪉⛬ᘧ࡛ࡿ࠶ 2

ḟඖὸỈὶ᪉⛬ᘧࢆ☜ᐇᛶࡢఏ࠺ࡼࡴྵࡶᣑᙇࡋ㸪ࡢࡑᣑᙇࡓࢀࡉᨭ㓄᪉⛬ᘧࢆ┤᥋

ゎ࡛ࡇࡃຠ⋡ⓗ࡞☜ᐇᛶゎᯒࢆᐇ⌧࡛ࡿࡁࡿ࠸࡚ࡋ♧ࢆ㸬ࡢࡇ㛤Ⓨᡭἲ࠸⏝ࢆ㸪ᐇᆅ

ᙧࡓ࠸⏝ࢆࢱ࣮ࢹၥ㢟タᐃ࡚࠸࠾☜ᐇᛶゎᯒ࠸⾜ࢆ㸪ࡢࡑጇᙜᛶཬࡧ᭷ຠᛶ᳨࡚࠸ࡘ

ウࡓࡋ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᅗ 1 㸬ᮏၥ㢟࡛ࡓࡗ⾜ࢆゎᯒࡓ࠸⏝ࢆ㸦16×8km2㸧ࢱ࣮ࢹᐇᆅᙧࡢ᪂₲┴㛗ᒸᕷࡍ♧

⾜ࢆゎᯒࡢ࡚࠸ࡘఏࡢὠἼࡢᚋࡢࡑࡢࡓࡋ௬ᐃࡓࡋ㝯㉳㛫ⓗ▐ࡀ㒊୍ࡢᾏᗏࡣ

ᖹᆒࡀࡉ㧗᭱ࡢ㝯㉳ࡢࡢࡇ㸬ࡿ࠶࡛ࡢࡶࡓࡗ 5m㸪ᶆ‽೫ᕪ 1m ☜ᐇᛶࡢṇつศᕸࡢ

㸬ᅗࡓࡗ⾜ࢆ☜ᐇᛶゎᯒࡿࡍ㛵ᙳ㡪ࡢࡑ㸪࡚ࡋタᐃࡿ࠸࡚ࡋ᭷ࢆ 2 ௳ゎᯒึᮇ᮲ࡣ

ᖹᆒࡢᗙᶆࡉỈ㠃㧗ࡿࡅ࠾ (್ȝz )ศᕸỈ῝ࡢᶆ‽೫ᕪ(ıh )ศᕸࡓࡋ♧ࢆ㸬ゎᯒ㛤ጞ㝯

㉳ࡿ࠸࡚ࡋ⠊ᅖࡢᾏᗏᆅᙧᗙᶆ☜ᐇᛶࡀࢀࡽ࠼㸪ࡢࡑᙳ㡪ࡀ㛫ࡢ㐍⾜ඹỈ῝ࡸ

ὶ㏿ࡓࡗ࠸ኚᩘࡶఏࡃ࠸࡚ࡋࡿ࡞㸬㝯㉳ࡽ 500 ⛊ᚋ㸦ᾏỈࡀ㝣ᆅഃࡶ᭱㐳ୖ

ᅗࢆどᅗྍࡢ㸧ࢢ࣑ࣥࢱࡿ࠸࡚ࡋ 3 ῝㸪Ỉ࡚࠸࠾㡿ᇦࡢᾏỈࡿ࠸࡚ࡋ㸬㐳ୖࡓࡋ♧

ࡿࢀࡽぢࡀ☜ᐇᛶ࠸ᙉࡶ࡚࠸࠾⠊ᅖࡓࡋ㸬㝯㉳ࡿࡁㄆ࡛☜ࡀࡿ࠸࡚ࡋ᭷ࢆ☜ᐇᛶࡀ

ᣢ⥔ࢆᾏ㠃࡞㸪ᖹᆠࡋẅ┦ࢆ☜ᐇᛶࡿ࠸࡚ࢀࡽ࠼ᾏᗏᆅᙧᗙᶆࡢ⠊ᅖࡢࡑࡣࢀࡇ㸪ࡀ

㸪ྛᆅⅬࡣࡽゎᯒ⤖ᯝࡓࡋ៖⪄ࢆ☜ᐇᛶ࡞࠺ࡼࡢࡇ㸬ࡿ࠶࡛ࡢࡶࡿ࠸࡚ࡌ⏕ࡵࡓࡿࡍ

㸬ᮏゎࡿ࠶࡛⬟ྍࡀసᡂࣉࢵ࣐ࢻ࣮ࢨࣁ࡞㸪☜⋡ⓗࡾ࠶࡛⬟ྍࡀࡿࡍホ౯ࢆ⋠☜ᾐỈࡢ࡛

ᯒ⤖ᯝࡽసᡂࡓࡋᾐỈ☜⋡ศᕸࢆᅗ 4 ࡍ㸪100%ᾐỈࡣ࡚࠸࠾᮲௳タᐃࡢ㸬ᅇࡍ♧

 㸬ࡿࡁㄆ࡛☜ࡀࡿࡌ⏕ࡀᖜࡢᗘ⛬ࣝࢺⓒ࣓࣮ᩘࡣ㛫ࡢ⠊ᅖ࠸࡞ࡋᾐỈ࡚ࡋỴ⠊ᅖࡿ

ㄢ㢟␒  ྕ J18I021 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ே࣭≀㉁ࢸࣜࣅ࣮ࣔࣝࢣࢫࢳ࣐ࣝศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 3 ᖺ┠ 

－ 41 －



 
ᅗ 1㸸ゎᯒࣔࣝࢹᴫ␎ᅗ          ᅗ 2㸸ึᮇ᮲௳ྍどᅗ 

 
ᅗ 3㸸㝯㉳ 500⛊ᚋྍࡢどᅗ     ᅗ 4㸸ᾐỈ☜⋡ศᕸྍどᅗ 

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᙜึࡢணࡿࢀࡉᡂᯝࠕ࡚ࡋᾐỈ☜⋡ࢆ࡞⪃៖ࡓࡋ㧗ᗘࡢࣉࢵ࣐ࢻ࣮ࢨࣁ࡞సᡂࠖࢆ

ᥖࡀࡓ࠸࡚ࡆ㸪ୖ グࡢ㏻ࡾ⌧ᐇⓗ࡞ၥ㢟ࡶ࡚࠸࠾☜⋡ⓗࣉࢵ࣐ࢻ࣮ࢨࣁ࡞సᡂࡀຠ⋡ⓗ

 㸬ࡿ࠶ἣ≦ࡓࢀࡉ㐩ᡂ༑ศࡣ࡚ࡋᶆ┠✲◊ࡢ㸪ᙜึࡾ࠾࡚ࢀࡉ♧ࡀࡿࡁ࡛
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᮏ◊✲࡛ࡣ㸪ḟඖὸỈὶ᪉⛬ᘧࡓ࠸⏝ࢆὠἼỏ℃ὶゎᯒ࡚࠸࠾㸪ຠ⋡ⓗ࡞☜ᐇᛶゎ
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Experimental and Numerical Study on Improvement of Flight Performance of a Multicopter 

  

బࠎᮌ ㍜*†㸪ୗᒣ ᖾ**††㸪ᯘ ⱱ** 
ᒸᮏ ṇே*㸪㉥ᆏ ๛ྐ*  

㧗ᶫ ಇ***㸪୕ᆏ Ꮥᚿ**** 
*㔠ἑᕤᴗᏛᕤᏛ㒊㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

***ᮾᾏᏛᕤᏛ㒊㸪****⏘ᴗᢏ⾡⥲ྜ◊✲ᡤ 
†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

㏆ᖺὀ┠ࢆ㞟ࢱࣉࢥࢳ࣐ࣝࡿ࠸࡚ࡵ㸦࣮ࣥࣟࢻ㸧ࡣ㸪ᶫᱱࡢⅬ᳨ࡸ⅏ᐖࡢ┘ど➼㸪ᵝ࡞ࠎ⏝㏵

࠶ไ㝈࡛ࡢ㸪㐠⏝㛫ࡀࡘ୍ࡢࡑ㸬ࡿ࠸࡚ࢀࡉᣦࡃከࡶ㸪ၥ㢟Ⅼࡀࡿ࠶ࡘࡘࡾࡲጞࡀ⏝ࡢ࡛

㞧「ࡢᶵయ㏆ഐࡸሙࢀὶࡢࡾᅇ㌿⩼࿘ࡿࡅ࠾ᩘࢬࣝࣀ㸪పࣞࡣࡵࡓࡍࡤᘏࢆ㸬㐠⏝㛫ࡿ

㸪ᐇ㦂ⓗ࣭࡚ࡋⓗ┠ࢆୖྥ⬟㣕⾜ᛶࡢࢱࣉࢥࢳ࣐ࣝ㸪ࡣ࡛✲◊㸬ᮏࡿ࠶ᚲせ࡛ࡀゎ⌮ࡢሙࢀὶ࡞

ᩘ್ⓗపࣞࡢᩘࢬࣝࣀὶࢀሙࡢゎ᫂࠺⾜ࢆᡭἲࡿࡍ✲◊ࢆ㸬  
 
2. ◊✲ᡂᯝࡢෆᐜ 
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1. Purpose of the project 

Neutral beam technique has the advantages of low surface plasma induced damage, 
neutral beam energy controllable and low processing temperature so it is expected that 
low damage and accuracy controlled surface modification can be processed. Here we 
want to apply this technique on the surface modification of materials used for OLED. 
This is the first trying of NB technique on the OLED field. 
 
2. Details of program implement  

Reserch plan (in application): The neutral beam surface modification processing will 
be studied theoretically and experimentally. Some film properties like material 
composition, surface roughness, hydrophilic/hydrophobic, work function will be 
investigated with plasma neutral beam surface modification. For different film 
properties requirements, suitable processing recipes will be summaries with previous 
results. At last the neutral beam surface modification will be applied on organic light 
emitting device fabrication. 

As the actural performance of this program, Dr. Chang visited Prof. Samukawa in 
Sendai in Aug., 2018, discussing about the exprimental plan. As the discussion, we 
modified priliminary expeiment on the plasma surface modification on orgarnic 
material/coatings and the following work were performed as the discussion. This change 
is due to experimental setup limitation in Chang’s laborotary because most experiments 
were performed in Chang’s lab. in Shanghai Univerisity of Engneering Science. As the 
target materials, h-BN nanoflakes and silicone-modified epoxy coatings were selected 
and treated with different plasmas. The experimental equitpment was homemade 
surface-wave plasma generator designed by Dr. Chang, which would be modified into 
neutral beam equipment with guidance of Prof. Samukawa for the future NB related 
experiments. 

Silicone-modified epoxy coatings were prepared and treated under different plasma 
atmospheres in order to enhance their anticorrosion ability. The corrosion current 
density, corrosion potential and impedance of the modified coatings were measured by 
an electrochemical workstation. The results showed that the corrosion resistances of 
silicone-modified epoxy coatings were highly improved by surface-wave plasma 
treatment. Figure 1 is from accepted paper to explain this part. 

 
Figure 1 : Corrosion resistance mechanisms of the plasma-modified coatings on metal substrate. 
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h-BN nanoflakes were treated in plasma gase for surface modification. The structure 
characterization (XRD, IR, XPS etc.) of h-BN indicated that the plasma treatment not 
only enlarged the interlayer distance of h-BN, but also increased the NH/OH surface 
groups and the ratio of exfoliated h-BN planes. The plasma treated h-BN exhibited 
better dispersion and stronger Fe2+ holding ability in acrylic resin than the pristine 
h-BN, resulting in smaller corrosion current density (icorr) and larger charge transfer 
resistance for the acrylic coating on low carbon steel, especially treated in Ar+NH3 
(4:1).Figure 2 is from accepted paper to explain this part. 

   
Figure 2 : Sketch of h-BN change by plasma treatment. 

 
As the experimental results, two manuscripts were finished and submitted, and 

already accepted in journal Prog. Org. Coat. (IF=3.05) and Int. J. Electrochem. Sc. 
(IF=1.54), separately. 
 
3. Achievements 

Expected result (in application): New processing with neutral beam for OLED device 
will be created to enhance the device performence. The experimantal phenomenon will 
be studied theoretically. As the achievement, 2~3 paper will be published and patents 
are expected. 

Actual result: As preliminary research, plasma surface modification has been 
applied on organic materials/coatings and the phenomenons have been discussed. Two 
papers have been accepted in journals. 
 
4. Summaries and future plans 

In this project, h-BN nanoflakes and silicone-modified epoxy coatings are selected as 
target materials for plasma surface modification experiments. The experiment plans 
were discused by researchers both in IFS and SUES and performed successfully. Two 
papers have been accepted. 

Now the Cooperation continues and the next step is to modify the equipment with 
the neurtral beam function. When the setup is ready, the NB experiments will be 
processed and some parts we originally planned for the OLED materials will be tested 
and studied. 
 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

*[1] B. Zou, X. Chang, J. Yang, S. Wang, J. Xu, S. Wang, S. Samukawa and L. Wang: 
Plasma treated h-BN nanoflakes as barriers to enhance anticorrosion of acrylic 
coating on steel, Prog. Org. Coat., 133 (2019), pp. 139–144 (Accepted April 9, 2019). 

[2] T. Xu, H. Li, J. Song, G. Wang, S. Samukawa, X. Chang and J. Yang: Enhanced 
corrosion resistance of silicone-modified epoxy coatings by surface-wave plasma 
treatment, Int. J. Electrochem. Sci., (2019), (Accepted March 29, 2019), doi: 
10.20964/2019.06.18. 

2) International and domestic conferences, meeting, oral presentation etc.  

Not applicable. 
3) Patent, award, press release etc.  

Not applicable. 
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1. Purpose oI the proMect 

Slippery superhydrophobic and hydrophobic surfaces are introduced for performance 
enhancement of heat pipe that is widely used to dissipate high heat fluxes at larger 
scale industries. And thermal performance as well as heat transfer mechanism on 
condensing surface of heat pipe are experimentally investigated, leading to further 
applications, such as water harvesting, fog collection or icing/anti-icing, etc. 
Furthermore, the durability analysis of as-prepared surfaces is underway, which is 
aimed at resolving the cloaking challenges. 
 
2. 'etails oI program implement  

Slippery surfaces can be prepared on a number of substrates using various slippery 
materials, including paraffinic materials, fatty acids and high viscosity GPL oil. As a 
preliminary plan, paraffinic materials, is used. Indeed, paraffinic materials are 
environmentally-benign, hydrophobic and oily, so they are potential candidates in 
domain of SLIPS. Following that, the SLIPS will be tested as condensing surfaces to 
understand temperature-dependent switchable wettability, nucleation density and 
droplet transport. Since the surface condition of paraffinic surfaces apparently seems to 
be different than that of less-viscous GPL oils, condensation mechanism is necessary to 
be evaluated as if it would be drop wise or film wise. The formation of pores onto the 
substrates can have different configurations, e.g., individual cylinder-like pores as 
obtained via anodizing process on steel substrate, or connected-porous network as 
obtained via chemical etching on copper substrate. Consequently, the quality of SLIPS 
is prone to be affected by the geometry of porous structures. Therefore, substrates 
consisting of individual pores and network of pores was also be researched. This would 
provide understanding on durability of SLIPS, as well as droplet dynamics on various 
porous configurations. 
Shown in Figure 1A and Figure 1C are the test facilities to study the performance of 
heat pipe and condensation heat transfer, respectively. 
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Figure 1 (A) The schematic of condensation heat transfer unit (B) Condensation 
patterns on paraffinic slippery surfaces, (C) Thermosiphon test facility. 
 
 
�. Achievements 

The group at Tohoku University headed by Prof. Nagai has done intensive research 
about SLIPS and the corresponding applications in heat pipes. And the group at 
Shanghai Jiao Tong University headed by Prof. Zhang has conducted systematic 
research on SLIPS and reported enhanced performance of thermosiphon heat pipes. 
Further his team has carried out work regarding fabrication of SLIPS by applying 
paraffin waxes into porous superhydrophobic copper substrates, that provided 
satisfactory condensation patterns as shown in Figure 1B.  
 
�. Summaries anG Iuture plans 

From the research conducted so far, it has been proved that the nanostructured surface 
can be used in a thermosyphon to enhance the thermal performance. With quantative 
optimization of paraffin wax to surface voids, spin coating reported more uniform 
surfaces as compared with dip coating method. Paraffinic SLIPS provided no cloaking 
as predicted by theoretical models and FTIR analysis, however cloaking took place 
during preliminary condensation experiments, which will be studied in the future.  
 
�. Research results � reprint incluGeG�  

1� -ournal �incluGeG international conIerence with peer review anG tutorial paper� 
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�� Patent� awarG� press release etc.  
�Patent�   Not applicable. 
�AwarG�   Not applicable. 
�Press release�   Not applicable. 

－ 48 －



 
Figure 1 (A) The schematic of condensation heat transfer unit (B) Condensation 
patterns on paraffinic slippery surfaces, (C) Thermosiphon test facility. 
 
 
�. Achievements 

The group at Tohoku University headed by Prof. Nagai has done intensive research 
about SLIPS and the corresponding applications in heat pipes. And the group at 
Shanghai Jiao Tong University headed by Prof. Zhang has conducted systematic 
research on SLIPS and reported enhanced performance of thermosiphon heat pipes. 
Further his team has carried out work regarding fabrication of SLIPS by applying 
paraffin waxes into porous superhydrophobic copper substrates, that provided 
satisfactory condensation patterns as shown in Figure 1B.  
 
�. Summaries anG Iuture plans 

From the research conducted so far, it has been proved that the nanostructured surface 
can be used in a thermosyphon to enhance the thermal performance. With quantative 
optimization of paraffin wax to surface voids, spin coating reported more uniform 
surfaces as compared with dip coating method. Paraffinic SLIPS provided no cloaking 
as predicted by theoretical models and FTIR analysis, however cloaking took place 
during preliminary condensation experiments, which will be studied in the future.  
 
�. Research results � reprint incluGeG�  

1� -ournal �incluGeG international conIerence with peer review anG tutorial paper� 

Not applicable. 
 
2� ,nternational anG Gomestic conIerences� meeting� oral presentation etc. �incluGeG 

international conIerence without peer review� 

*[1] Raza Gulfam, Peng Zhang, Hiroki Nagai: Heat transfer investigation of 
hydrophobic organo-metallic slippery surfaces, Proceedings of the Eighteenth 
International Symposium on Advanced Fluid Information (AFI-2018), Sendai, 
(2018), CRF-21, pp. 42-43. 

 
�� Patent� awarG� press release etc.  
�Patent�   Not applicable. 
�AwarG�   Not applicable. 
�Press release�   Not applicable. 

 
 
 
 
 
 

 

Mixture of Experts in Bayesian Optimization for Complex Aerospace Designs 

 

Rhea P. Liem*†, Koji Shimoyama**†† 
Pramudita Satria Palar**, Timothy Jim**, Yuan Lyu* 

*Dept. of Mechanical and Aerospace Engineering, Hong Kong University of Science 
and Technology (HKUST), Hong Kong 

**Institute of Fluid Science, Tohoku University 
†Applicant, ††IFS responsible member 

 
1. Purpose of the project 

     The main goal of the proposed research is to improve surrogate model's accuracy 
and sample-updating technique used in the context of the Bayesian optimization 
technique. In particular, we aim to make kriging and Gaussian Process surrogate models 
more capable of accurately and efficiently represent real-world engineering problems. 
This will be achieved by incorporating machine learning techniques in the procedure. To 
this end, we propose to construct an ensemble of Kriging surrogate models (mixture of 
experts), and a kriging model with multiple kernel functions, to provide better flexibility 
in modeling the engineering problem complexities. The developed method would then be 
demonstrated in two case studies in the context of aerospace engineering. 
 

2. Details of program implement 

We identify two main research directions: (1) benchmarking & method development, 
and (2) applications. For the application purpose, we are looking into aircraft mission 
analysis (HKUST) and supersonic system design analysis (Tohoku). These two case 
studies are still under development by the graduate students involved in this project, 
and thus we focus more on the benchmarking and algorithmic development. For the 
surrogate modeling development, we compared the performances of kriging model with 
multiple kernel learning (MKL) and the mixture of experts approach. The benchmarking 
data are from a transonic rotor problem (Fig. 1, from Tohoku University) and drag 
coefficient for a transonic aircraft (Fig. 2, from HKUST).  
 

 
Fig 1. Results for the transonic rotor problem with nugget = 10-10 (left) and tuned nugget (right) 
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Fig 2. Results for the CD approximation problem with nugget = 10-10 (left) and tuned nugget (right) 

 
From these results, we observe that MKL is shown to be more superior than 

conventional kriging model, especially on the transonic rotor problem with a large 
sample size. The MKL algorithm can optimally select the kernels to be included in the 
model; often, not all kernels are used. Work to include more case studies and using 
mixture of experts are currently underway. 
 
3. Achievements 

During the project period, we submitted one conference paper, and are working on 
two journal articles. 
 
4. Summaries and future plans 

The second IFS General Collaborative Research Project is granted (J191003). We 
will still focus on improving the accuracy and efficiency of surrogate modeling methods, 
focusing on those derived based on the Gaussian Processes, e.g., kriging and RBF. Our 
key motivation is the existing “gap” between the algorithmic development community 
(which is more mathematical and scientific) and the engineering community (more 
practical). Some of the more mathematically advanced methods might not be directly 
applicable to real-world problems. Likewise, some real-world problem complexities have 
not yet been properly modeled by existing surrogate modeling methods. Real-world 
engineering problems are typically stochastic in nature (with uncertainties and 
variations in operating conditions), multidisciplinary, and highly nonlinear. Moreover, 
the linearity and function characteristics may vary in the design space. Considering the 
limited capability of conventional kriging methods, we aim to develop kriging variants 
that offer more flexibility and thus are more suitable for the complex problems at hand. 
The variants would include using multiple kernels in the model structures, and 
incorporating the machine learning ensemble approach to derive the mixture of experts 
model. The proposed methods are aimed to combine the strength of each expert in order 
to boost the approximation accuracy and the search capability of Bayesian optimization. 
Next, we would apply the developed novel surrogate modeling methods in two case 
studies, one from each collaborating university. We expect to have more substantial 
research outputs in the following years. 
 
5. Research results (* reprint included) 

1) Journal   Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc.  

Not applicable. 
3) Patent, award, press release etc.  

Not applicable. 
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1. Purpose of the project 

This project aims to elucidate the micro-jet formation occurring in the last stage of 
the primary and rebound bubble collapse processes of cavitation bubbles. We strongly 
believe that the complementary skills developed by the research groups led by Prof. 
Farhat (EPFL) and Prof. Sato (Tohoku University) will greatly help achieving the 
project goals. 
 
2. Details of program implement  

   We have reported that an expansion wave generated by reflection of a 
compression wave at the surface of water produces cavitation bubbles and form the 
micro-jets when the bubbles collapse. It was also found that the direction of the 
micro-jets becomes the same direction of propagation of the secondary compression 
wave through the past collaborative research. To understand the interaction between 
cavitation bubbles and pressure waves in detail, the temporal change of the bubble 
radius is compared with the Rayleigh-Plesset model with adding the effect of 
propagating pressure waves, which is expressed as Eq. (1): 
  (1) 
where, is the liquid density, is the bubble radius,  is the pressure 
around the bubble,  is the pressure in liquid,  is the pressure of pressure waves, 

 is the surface tension, and  is the liquid viscosity.  is the pressure 
inside the bubble, where  is the vapor pressure and  is the non-condensable gas 
pressure inside the bubble. Based on the pressure measurement in the past study,  
is simplified by a square function of a pulse width of 90 ns, the first amplitude of 16 
MPa, and the reflection ratio from the water surface and the alumina plate is assumed 
to 70 % and 82 %, respectively. Assuming adiabatic compression,  is expressed as Eq. 
(2): 
 

 
(2) 

where,  is the initial pressure of the non-condensable gas inside the bubble,  is 
the initial radius of the bubble, and  is the adiabatic index of the 
non-condensable gas inside the bubble.  is determined by the initial equilibrium 
condition before the pressure wave propagation, expressed as Eq. (3): 
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(3) 
This model agrees with the observation until the 5th pressure wave, as shown in Fig. 1. 

 
 
3. Achievements 

We succeeded in understanding the mechanism of the directed jetting of the 
cavitation bubbles under application of the multiple shock waves through the 
theoretical approach. We have published this research in the Applied Physics Letters in 
2018. 
 
4. Summaries and future plans 

We will discuss and investigate behaviors and dynamics of micro-jets formation 
for development of a micro-jets array system for bio-medical applications such as micro 
injection system for cells.  

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

*[1] O. Supponen, T. Akimura, T. Minami, T. Nakajima, S. Uehara, K. Ohtani, T. 
Kaneko, M. Farhat, and T. Sato: Jetting from Cavitation Bubbles due to Multiple 
Shockwaves, Applied Physics Letters, Vol. 113, Issue 19, (2018), 193703 (4 pages). 

 

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 
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Kaneko, M. Farhat, and T. Sato: Directional control of micro-jets from cavitation 
bubbles subject to multiple pressure waves, Proceedings of the 18th International 
Symposium on Advanced Fluid Information (AFI-2018), Sendai, (2018), CRF-71, pp. 
148-149. 

[3] T. Sato, R. Kumagai, T. Miyahara, M. Oizumi, T. Nakatani, S. Ochiai, T. Miyazaki, 
H. Fujita, S. Kanazawa, K. Ohtani, A. Komiya, T. Kaneko, T. Nakajima, M. 
Tinguely, and M. Farhat: Generation of Fine Bubbles by Underwater Plasma 
Discharge, 28th Annual Meeting of MRS-Japan 2018 (Symposium C-2: Plasma Life 
Science), Fukuoka, (2018), Presentation No. C2-I19-008. (Invited) 
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1. Purpose of the project 

In this work, we aim to study the interfacial properties of thin liquid water film over 
metallic surface using Molecular Dynamics (MD) simulations in LAMMPS (S. J. 
Plimpton, J Comp Phys, 117, 1-19 (1995)). There are considerable evidences that 
properties of liquid water are significantly different at nanoscale. The interfacial 
properties of liquid water plays an essential role in many nanofluidic transport 
systems and depend on the surface properties, such as atomic interaction, chemical 
heterogeneity, etc.  We focus on density and pressure gradient, and also explore the 
effect of hydrophilicity of surface. Understanding these properties will provide 
useful information about bubble nucleation and growth, and change in viscosity and 
thermodynamics properties. 

 
2. Details of program implement  

For simulations, we used Molecular Dynamics (MD) method with widely used open 
source software LAMMPS. The bulk liquid consists of 10 nm thick water layer over 
solid platinum surface (figure 1). The system is periodic in other two dimensions. 
The initial density of water corresponds to the saturation properties of water at 300 
K. 
Liquid water is modelled with SPC model over solid rigid surface at constant 

 
Figure 1: Simulation domain for water platinum surface. 

Project code J18I030 
Classification General collaborative research 
Subject area Environment and energy 
Research period April 2018 ~ March 2019 
Project status 1st year 

－ 53 －



temperature with Nosé–Hoover thermostat at 300 K. The system is first 
equilibrated and then pressure and density profiles were calculated by dividing the 
domain into spatial bins of 0.2 nm. The solid-liquid interaction is modelled using 
Lennard-jones (12-6) potential function. Since the depth of potential well (Ȝ) 
represents the strength of interaction, we changed it from very hydrophobic (ȜO-Pt = 
0.086 kcal/mol) to hydrophilic (ȜO-Pt = 1.0 kcal/mol) and observed the behavior in 
near surface region. 

 

3. Achievements 

The density and pressure variations near the surface are plotted in Figure 2 (b) and 
Figure 2 (c). We observed that when the wall is present, a high density layer of 
water is formed. The density of this layer increases with increasing strength of 
wall-liquid interaction (ȜO-Pt). The bulk density in all cases remain equal to the 
saturation density of water at 300 K. The change in pressure can also be seen in the 
near wall region. A high pressure region forms for hydrophilic surfaces. 
This effect is more dominant for polar surfaces as the long-range electrostatic forces 
are usually stronger and would cause thick high pressure region on the wall. 

 
Figure 2: (a) Density gradient near surface and (b) pressure gradient near surface, 

for different hydrophilicity. 
 
4. Summaries and future plans 

Interfacial properties of thin water film is studied using molecular dynamics 
simulations. High density and pressure is found in monolayers near the surface. 
This effect becomes more dominant as strength of liquid-surface interaction is 
increased. Solid-liquid surface tension, disjoining pressure and their possible impact 
on nucleation and thermodynamics properties can be studied using this method. 
The change of water properties with electrostatic interaction between liquid water 
and polar surfaces will also be studied. 

 
5. Research results (* reprint included)  

1) Journal   Not applicable. 
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1. Purpose of the project 

To increase the power production of a wind turbine, it is necessary to optimize the 
blade shape and configuration. However, the use of expensive CFD codes is 
necessary for accurate design and this hinders the utilization of traditional 
optimization methods. This research aims to develop an efficient surrogate 
model-based optimization for aerodynamic optimization of wind turbines. To be 
specific, the long term goal of this research is to develop a general optimization 
framework for wind turbine design. Here, the optimization framework should be 
capable of handling cases with and without gradient information; however, 
attaining the latter is our primary objective. 
 

2. Details of program implement  

We developed a set computer code for multi-objective optimization that utilizes 
Kriging and Bayesian optimization techniques. Here, such an optimization 
technique is necessary since the evaluation of one wind turbine design is 
computationally expensive. This is primarily because a RANS-based CFD is used to 
accurately obtain the aerodynamic performance of wind turbines. The optimization 
codes that we used in this research were jointly developed by Bandung Institute 
Technology and Tohoku University. In this phase, we focused on a single-point and 
gradient-free optimization because it is the necessary phase before we continue to 
gradient-based optimization. In this research, we used the NREL Phase VI as the 
baseline shape and a geometry/mesh deformation technique based on radial basis 
function (RBF) (see Fig. 1). Here, the objectives of the optimization are to maximize 
torque (thus, higher power production) and minimize the volume/mass of the blade. 

 
Figure 1 : The initial blade shape and the RBF points used for deformation. 
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3. Achievements 

By using the developed optimization codes, we obtained a set of new blade shapes 
that yield higher torque and lower volume as compared to the baseline design as 
shown in Figure 2. This means that new shapes are capable of producing higher 
power but with fewer materials for production. In particular, the torque-optimized 
and volume-optimized design produces over 5% increase in torque and a 7% 
decrease in blade value, respectively. Further analysis shows that the new shapes 
generate higher span-wise lift primarily in the middle section of the blade (see 
Figure 3). 

 
Figure 2 : Results of optimization depicted in the objective space of torque vs volume. 

 
Figure 3 : Pressure distribution of the baseline shape and optimized shapes.  

4. Summaries and future plans 

The optimization was successfully executed for the single-point and gradient-free 
case. This is an important step toward multi-point and gradient-based optimization 
because the codes that were developed in this research will be enhanced to 
incorporate gradient information. Although gradient-based optimization is on our 
agenda, we are also developing a gradient-free surrogate-based optimization method 
that will be capable of solving high-dimensional problems.  

5. Research results 
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3. Achievements 

By using the developed optimization codes, we obtained a set of new blade shapes 
that yield higher torque and lower volume as compared to the baseline design as 
shown in Figure 2. This means that new shapes are capable of producing higher 
power but with fewer materials for production. In particular, the torque-optimized 
and volume-optimized design produces over 5% increase in torque and a 7% 
decrease in blade value, respectively. Further analysis shows that the new shapes 
generate higher span-wise lift primarily in the middle section of the blade (see 
Figure 3). 

 
Figure 2 : Results of optimization depicted in the objective space of torque vs volume. 

 
Figure 3 : Pressure distribution of the baseline shape and optimized shapes.  

4. Summaries and future plans 

The optimization was successfully executed for the single-point and gradient-free 
case. This is an important step toward multi-point and gradient-based optimization 
because the codes that were developed in this research will be enhanced to 
incorporate gradient information. Although gradient-based optimization is on our 
agenda, we are also developing a gradient-free surrogate-based optimization method 
that will be capable of solving high-dimensional problems.  
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1. Purpose of the project 

Effective utilization of geothermal resources is crucial to realize a sustainable society. 
Geothermal resources are widely present in Japan and the western United States, 
and the usage of geothermal resources are gradually increasing with many efforts. 
One of the challenge in conventional/next generation geothermal development 
(Enhanced/Engineered Geothermal System: EGS) is to understand the hydraulic 
properties of the geothermal reservoir. We often attempt to measure the hydraulic 
property (permeability or diffusivity) by wellbore tests or by using indicators such as 
migration of microseismicity. However, these quantities are often interpreted as 
representative value of hydraulic property for entire reservoir. Meanwhile, 
geothermal fluid circulates or flows in the existing/nucleated fracture system where 
permeability varies depending on condition of each fractures. Geothermal fluid is 
extracted from those permeable fractures very locally throughout production well 
drilled into the specific part of reservoir. 
Therefore, we need to have the best estimates of permeability for each fracture (local 
permeability) beyond representative permeability (global permeability). In addition, 
it is important to consider how the hydraulic properties can be affected by changes in 
the state of stress in the subsurface. This information is beneficial for design of 
geothermal energy extraction system and understanding of hydrology in the reservoir. 

 
2. Details of program implement 

Visiting Ph.D. student Ms. Meihua Yang has joined this project in October 2018. She 
has become a leading player in this project. She has started using the multi-physics 
based reservoir simulation model CFRAC which was provided by the US collaborators. 
She uses the CFRAC to simulate the pore pressure distribution within the existing 
fracture of given permeability during stimulation and time series change of the pore 
pressure distribution of that. 
I have estimated pore pressure distribution with microseismic data from Basel EGS 
project. Group of events (clusters) which occurred from the same single fracture are 
extracted, and pore pressure increase necessary for shear slip is estimated with in-
situ stress information. Then, I have observations that describe how pore pressure 
migrated within a single fracture. Since these observations are from the microseismic 
event, I can extract time series evolution of pore pressure and get a discrete 
distribution of pore pressure with time. 

Project code J18I034 
Classification General collaborative research 
Subject area Environment and energy 
Research period April 2018 ~ March 2019 
Project status 1st year 
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Therefore, we will use parameters from observational data as input parameters into 
hydromechanical model and estimate the best permeability which explain observed 
pore pressure distribution. 
 

 
Figure 1: Left: model setup in a plan view. Horizontal line is the part for injection well. 

Orthogonal grey line is the existing fracture intersecting injection well. Right: Pore 
pressure distribution in the injection well and within the existing fracture. 

 
 
3. Achievements 

The project is ongoing a little bit behind schedule. We can estimate pore pressure 
distribution on very simple fracture model as Figure 1. We are working on the 
parameter study to estimate pore pressure distribution correctly. 

 
4. Summaries and future plans 

With the CFRAC code, we could simulate pore pressure distribution on single 
fracture in the very simple model. In next year, we made a more realistic model to 
compare the observed pore pressure distribution, and then we inverse the 
permeability of the fracture by fitting forecasted pore pressure distribution and 
observed pore pressure distribution. 

 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
 
2) International and domestic conferences, meeting, oral presentation etc. 

(included international conference without peer review) 

*[1] Y. Mukuhira, J. H. Norbeck, and J. L. Rubinstein: Estimation of Fracture 
Permeability by Integrating Microseismic Observational Data and Reservoir 
Engineering Modeling, Proceedings of the Eighteenth International Symposium 
on Advanced Fluid Information, Sendai, (2018), CRF-32, pp. 64-65. 

 
3) Patent, award, press release etc. 

Not applicable. 
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1. 研究目的 
⣽⬊内で生ྜ成されたタンパク㉁は㐺ษな⣽⬊内ᑠჾᐁに局ᅾ化されその機能を発す

る．,, ᆺ⭷㈏㏻ᆺタンパク㉁の⭷㈏㏻㡿ᇦࠗࢼࢢࢩルンカー࠘は㏻ᖖ 10㹼30 ṧ基のỈ

性ࣀ࣑㓟からなり，ᑠ⬊体ᶆ的ࢼࢢࢩルとしてもാくことが明らかにされている．,, ᆺ⭷

タンパク㉁は᭱もࢩンࣉルなᵓ造をした⭷タンパク㉁でありながら，タンパク㉁の⩻ヂ後ಟ

㣭な㔜せな生化学応に関ࢃる㓝⣲がከく，⣽⬊内のṇしい位置に㏦㐩されることが⣽⬊

のᜏᖖ性⥔ᣢにᚲ㡲である．しかしながら，ᑠ⬊体⭷からの⣽⬊内ᑠჾᐁの局ᅾ化メカ

ニズムについてはとࢇ解明されていない． 
 本研究では，,, ᆺ⭷㈏㏻ᆺタンパク㉁のࢼࢢࢩルンカー㓄ิの࢜ࣂン࢛ࣇマࢸク

ス解析や，␗なるࢼࢢࢩルンカー㓄ิを導入した⺯ගタンパク㉁を用いた⣽⬊内局ᅾ化⤒

㊰・局ᅾ化効⋡の評価を行い，⭷タンパク㉁の⣽⬊内局ᅾ化におけるࢼࢢࢩルンカーのᙺ

を明☜にする． 
 
2. 研究成果の内容 

 1� ,, ᆺ⭷タンパク㉁の⣽⬊内局ᅾ⤒㊰の≉定  
 ᚑ᮶の⣽⬊内局ᅾண 法のデータࢭットのように᭱⤊的な⣽⬊内局ᅾ位置で分㢮するの

ではなく，本研究課題では᭱⤊局ᅾ位置に⮳るまでの⤒㊰ࡈとに，,, ᆺ⭷タンパク㉁を分㢮

した．⣽⬊内局ᅾ性᪤知のデータに関して局ᅾ⤒㊰の≉定および分㢮をに⤊え，

8Qi3URt�.QRZOHGJH%DVH のッࣉデートにకうデータの⮬動᭦᪂ࢩスࢸムをᩚഛした． 
2� ,, ᆺ⭷タンパク㉁ࢼࢢࢩルンカー࿘㎶㓄ิの≉ᚩᢳฟ  
 ⣽⬊内局ᅾ⤒㊰ࡈとに，,, ᆺ⭷タンパク㉁ࢼࢢࢩルンカー㓄ิの≉ᚩᢳฟおよび判ู解

析，᳨ド実験を行う．᳨ド実験のうࡕ，共↔Ⅼレーザー㢧ᚤ㙾による⣽⬊内局ᅾ⤒㊰≉定の

ための実験は，流体研または⏘⥲研で行った． 
 ᑠ⬊体⭷からࢦルࢪ体⭷や⣽⬊⭷㍺㏦されるタンパク㉁のࢼࢢࢩルンカー㓄ิは，ᑠ

⬊体⭷に␃まるタンパク㉁のࢼࢢࢩルンカー㓄ิから 90�௨上の⢭度で区ูできていた

が，,, ᆺ⭷タンパク㉁のࢼࢢࢩルンカー࿘㎶㓄ิのࣀ࣑㓟ฟ⌧ഴ向をスࢥ化すること

により，ᑠ⬊体⭷・ࢦルࢪ⭷・⣽⬊⭷に局ᅾ化するタンパク㉁の⭷ᵚᏊ㡿ᇦのࣀ࣑㓟㓄ิ
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を明☜に判ูすることができた㸦学術㞧ㄅ >1@㸧． 
ணഛ実験では3✀のࢼࢢࢩルンカーと*)3の⼥ྜタンパク㉁を+H/D⣽⬊内で発⌧さࡏ，

共↔Ⅼレーザー㢧ᚤ㙾を用いて⺯ගほᐹを行ったとこࢁ，ᑠ⬊体⭷␃とࢦル⭷ࢪの㍺㏦

との分けにࢼࢢࢩルンカーが関与していることがࢃかっていた．年度はさらに，⣽⬊

内局ᅾ性の␗なる9✀の ,,ᆺ⭷タンパク㉁のࢼࢢࢩルンカー࿘㎶㓄ิࡔけを導入した*)3
タンパク㉁の⣽⬊内局ᅾ性を詳⣽にほᐹしたとこࢁ，ᑠ⬊体・ࢦルࢪ㸦ࢩスࢦルࢪ・トラン

スࢦルࢪ㸧および⣽⬊⭷の II ᆺ⭷タンパク㉁の局ᅾ化の区ูにはࢼࢢࢩルンカー㓄ิが

本㉁的であることを明らかにした㸦ㄽᩥᢞ✏‽ഛ中㸧． 
 
�. 研究目ᶆの㐩成≧ἣ 
⣽⬊⭷に局ᅾする⭷タンパク㉁を中ᚰとした・⭷ࢪルࢦ・⭷ᑠ⬊体 ی ,, ᆺ⭷タンパク㉁の⣽⬊

内局ᅾ性決定せ因のẁ㝵的解明࠙㐍ᤖ� 7��  ࠚ
成果㸸科学研究㈝᥇ᢥの発ᒎ 
y 2018 年 � ᭶㹼2023 年 3 ᭶ 科学研究㈝⿵ຓ㔠 基盤研究 �&�� 「⭷タンパク㉁のẁ㝵的

な⣽⬊内局ᅾ化機ᵓの解明と⣽⬊内局ᅾ化⤒㊰ண 法の☜❧」� 研究௦表者㸸ụ⏣ ᭷⌮� 
研究分ᢸ者㸸㉺中㇂ ㈼� ���20 ༓. 

課題㸸実験᳨ドおよびㄽᩥฟ∧ 
�タンパク㉁の⣽⬊内局ᅾண ⢭度の向上 ࠙㐍ᤖ⭷ ی 7��  ࠚ
  成果㸸ㄽᩥฟ∧ 

y �. 研究成果の>1@ 
課題㸸ࢦルࢪ内位置ࡈとの判ู⢭度の向上と実験᳨ドおよびㄽᩥฟ∧ 

�ୡ界初ࠗ⣽⬊内局ᅾ化⤒㊰ண ࠘法㛤発のためのパラメータᢳฟ ࠙㐍ᤖ ی �0�  ࠚ
成果㸸科学研究㈝᥇ᢥの発ᒎ 
y 2019 年 � ᭶㹼2023 年 3 ᭶ 科学研究㈝⿵ຓ㔠 ⱝ手研究�「タンパク㉁の⣽⬊内での動き

にὀ目した⢾㙐ಟ㣭⢾✀判ู法の㛤発」研究௦表者㸸㉺中㇂㈼� ��160 ༓. 
課題㸸タンパク㉁にಟ㣭された⢾㙐の✀㢮をパラメータにした⣽⬊内局ᅾ⤒㊰の㏫ぢ積もり

と実験᳨ドおよびㄽᩥฟ∧ 
 
 ᚋのㄢ㢟ࡵࡲ .�

計画中の࢜ࣂン࢛ࣇマࢸクスࢸーマについてはண定を上回る速さで㐍ᒎしたため，

次年度௨㝆は，*)3 ⼥ྜタンパク㉁を用いた᳨ド実験にὀ力する． 
 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ
1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 
*[1] T. Kikegawa, T. Yamaguchi, R. Nambu, K. Etchuya, M. Ikeda, Y. Mukai: Signal-anchor 

sequences are an essential factor for the Golgi-plasma membrane localization of type II 
membrane proteins, Bioscience Biotechnology and Biochemistry, Vol. 82, No. 10, (2018), 
pp. 1708-1714. 

2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 
*[2] K. Etchuya, T. Kikegawa, M. Ohta, Y. Mukai: The Role of Signal-anchor Region of Type 

II Transmembrane Protein in Subcellular Localization, Proceedings of the 18th 
International Symposium on Advanced Fluid Information (AFI-2018), Sendai, (2018), 
CRF-62, pp. 130-131. 
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1. Purpose of the project 

The objectives of this project are threefold. First, to build and test an interferometric 
technique that measures temperature fields in turbulent flows. 
Second, to validate the technique by comparing measurements of thermal boundary 
layers from isothermal flat surfaces for both laminar and turbulent convection with 
the interferometric setup and literature values (usually obtained with hot wire 
anemometry). Third, to measure temperature fields under air curtains for solar 
thermal applications. 

 
2. Details of program implement  

The experimental setup is shown in Fig. 1 for the optical interferometer, i.e. 
phase-shifting interferometry (PSI) (a), water curtain experiment to reduce 
convection (b) and investigation of convection from rough surfaces (c). PSI follows 
the same layout as a Mach–Zehnder interferometer. The insets show two possible 
phase-shifting techniques, utilizing a rotating polarizer or an Arbaa prism, the 
latter was developed by the group of the collaborator at IFS and is more suitable for 
unsteady flow measurements as it allows the acquisition of instant phase-shifted 
data. 
PSI can be used to (1) measure the temperature gradients on the wall-fluid 
boundary to extract convective heat losses and (2) measure temperature fields 
around the turbulent planar jet. Application to PSI to turbulent flows in 
encouraging based on the literature where holographic interferometry has been 
applied to a turbulent flow regime. Temperature fields measured with PSI have a 
higher spatial resolution than conventional methods, so PSI is suitable to estimate 
local heat fluxes or heat transfer rates. This allows the evaluation of possible 
reduction in convective heat losses by a fluid curtain (e.g. a water or air curtain). 
The effectiveness of the fluid curtain ε is 

 
,                              (1) 

 
where  is the heat transfer rate from a section under the water curtain and   
is the heat transfer rate for the same section without the curtain, i.e. pure natural 
convection. Concerning the non-planar surface, the deviation Δ from the flat 
configuration is 

 
,                              (2) 
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where   and  are the heat transfer coefficients for the flat and rough 
surfaces, respectively. 
The experiments will be aided by a computational fluid dynamics (CFD) model in 
OpenFOAM, which have been developed at ANU to study mixed convection and the 
effect of an air curtains on convective loss. 

 

 
Figure 1 : Experimental setup: (a) interferometer layout to measure temperature fields 

in turbulent flows; the insets show two technologies to produce high-resolution 
phase-shifted data, (b) water curtain experiments to capture buoyant flow, and (c) 
visualization of thermal boundary layers around near-isothermal rough surfaces. 

 
 
3. Achievements 

A Mach-Zehnder interferometer was built at ANU and will be used in the second 
year of the project by a student to test the accuracy of various phase-shifting 
equations. 

 
4. Summaries and future plans 

Phase-shifting capabilities at the ANU will be built and implemented in large 
convection setups after small-scale tests have demonstrated the possibility of 
measuring temperature fields in turbulent flows. The Arbaa prism will be tested. 
CFD simulations with OpenFOAM will accompany the experiments. 

 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 
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temperature fields in turbulent flows, Proceedings of the Eighteenth International 
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1. Purpose of the project 

The key properties of oxygen ion transport membranes are mixed ionic and electronic 
conductivity (MIEC) that allows oxygen ions to permeate through the material at 
various conditions while simultaneously maintaining chemical stability. A dual-phase 
(DP) electrolyte material (EM) consisting of perovskite-type and fluorite-type materials 
has shown promising results but requires more extensive evaluation concerning MIEC 
properties. To evaluate the oxygen ionic conductivity, the DPEM was investigated 
experimentally and through simulation. From these results, we suggest a new DP 
membrane concept which exhibits high ionic conductivity. 
 
2. Details of program implement  

Regarding the simulation analysis, we have constructed a DPEM model, which consist 
of S r S c 0.1C o0.9O 3-G�(SSC) having the perovskite structure and Sm 0.2C e 0.8 O 2-G�(SDC) having 
the fluorite structure for molecular dynamics (MD) simulation (see Figure 1-a). The 
mean square displacements (MSD) of oxygen ions in the constructed DPEM model were 
analyzed. In this analysis, we examined the oxygen ion diffusivity in each direction to 
comprehend the effect of the grain boundary (GB) between SSC and SDC. As a result, 
we found the MSDs of oxygen ion in the direction existing GB reduces (see Figre1-b). 
This analysis clarified that the oxygen ion diffusivity reduces around the GB in DPEM 
and GB in DPEM has an effect of decreasing on the oxygen ion diffusivity.  
a)                                           b) 

                                                
Figure 1: a) A constructed MD simulation model of DPEM. b) MSD of oxygen ions in 
each direction of DPEM. 
 
For the experimental analysis, the GBs of sintered SDC-SSC DPEM, 30-70 by volume 
fraction were studied using electron backscatter diffraction (EBSD) associated with a 
scanning electron microscope. The results of the EBSD experiment are illustrated in 
Figure 2. The DP membrane is still dense indicating the indicating the preservation of 
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the membrane’s novelty with the addition of another material. The average 
misorientation angle is 40.7 degrees with a standard deviation of 10.5 degrees 
suggesting that most modeling efforts should be focused on high angle grain 
boundaries. 

a) b)  
Figure 2: a) Phase map plot of the DP membrane (SSC-red SDC-green) b) Grain 
boundary fraction at various misorientation angles. 
 
3. Achievements 

Experimental analysis of the DP membrane using EBSD shows the structure of the 
membrane as well as the misorientation angles associated with grain boundaries. As for 
the simulation analysis, we clarified that the GB in DPEM affects the oxygen ion 
diffusivity by using the constructed MD simulation model as we expected. 
 
4. Summaries and future plans 

Regarding the simulation analysis, we constructed MD simulation models of DPEM and 
clarified the oxygen ion diffusivity reduces due to the GB between SSC and SDC. As 
plans, the molecular mechanism of reduction of oxygen ion diffusivity around the GB 
will be analyzed and we will propose a membrane showing high ionic conductivity. 
Regarding the experimental analysis, DPEM of 30-70 SDC-SSC by volume fraction were 
experimentally investigated using EBSD. It was found that the majority of grain 
boundaries occur with high misorientation angles. Further investigation into the grain 
boundary structure of the DPEM using EBSD and experimental techniques to keep 
misorientation angles low will be carried out. 
 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 
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1. Purpose of the project 

The air intake constitutes a key component of airbreathing engines for economical 
high-speed transport. Thorough understanding of intake physics and capabilities are of 
crucial importance for efficient engine operation and reliable intake start. Shock wave 
interactions play a principal role in intake flow compression. Unique characteristics 
including a toroidal vortex ring structure were revealed for the shock reflection on the 
symmetry axis in axisymmetric supersonic intakes in our previous studies, suggesting 
substantial impact on the engine performance. The present project aims to scrutinise 
the characteristics of centreline shock reflection in numerical, experimental, and 
analytical approaches, and investigate the effects of viscosity by employing continuum 
and kinetic simulations. In so doing it will develop accurate physical modelling and new 
theories, and yield a valuable high-quality dataset for centreline Mach reflection. 
2. Details of program implement  

The implementation of the overall program consists of two stages, as outlined below: 
(1) The first part will closely investigate the characteristics of centreline Mach 
reflection in in computational, experimental, and analytical approaches; (a) The shock 
structures and behaviour will be scrutinised by employing high-fidelity CFD codes; (b) 
The flowfield will be generated and visualised by utilising the ballistic range of the IFS 
Shock Wave facilities in this project; and (c) The shock structure will be examined by 
performing theoretical analyses including the curved shock theory (CST) and method of 
characteristics (MOC) in conjunction with shock polar analysis and Gudley’s analogy. 
(2)  The second part will examine the effects of viscosity on centreline shock reflection 
computationally by employing continuum and kinetic modellings; (a) In the continuum 
approach, the intake flowfields will be calculated by performing Euler simulations for 
the full/stunted Busemann intakes, M-flow or wedge ring structures, and Navier-Stokes 
simulations for the viscous-corrected geometries; and (b) In the kinetic approach, the 
characteristics of the intake flowfield in axisymmetric supersonic intakes will be 
investigated by performing DSMC (direct simulation Monte Carlo) simulations. 
3. Achievements 

Numerical investigation has been conducted for the flowfields in stunted Busemann 
intakes at Mach 8 in a continuum regime. The incident shock shapes have then been 
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articulated by curve fitting (Fig. 1), resulting in two distinct classes; (i) shock reflection 
resembling regular reflection with the incident shock shape represented by a 
generalised hyperbola, indicative of the behaviour analogous to those of a convergent 
shock wave in cylindrical implosion prescribed by the Guderley singularity; and (ii) 
Mach reflection with a distinct Mach stem with the incident shock represented by a 
4th-order polynomial function. Fig. 2 shows the gradients from CST analysis performed 
by using the local shock angle and flow deflection angle across the incident shock. 

Further in-depth investigation has been undertaken to scrutinise the viscous effects on 
centreline shock reflection by means of CFD and DSMC in conjunction with theoretical 
approaches (details can be found in Ref. [1]). Preliminary experimental testing has been 
conducted in the IFS ballistic range to examine and visualise shock structures and 
behaviour in a ring type air intake in supersonic free flight, as reported in Ref. [3]. 
4. Summaries and future plans 

Considerable advancement has been made in the understanding and characterisation of 
the behaviour of inward-turning axisymmetric shock waves reflected on the centreline 
in continuum and kinetic numerical approaches in the light of shock theories. Further 
investigation will be undertaken by accurately capturing the pseudo-steady/transient 
shock structures in the IFS ballistic range to be compared with computational results. 
5. Research results (* reprint included) 

1) Journal (including international conference with peer review and tutorial paper) 

*[1] G. Shoev and H. Ogawa: Numerical study of viscous effects on centreline shock 
reflection in axisymmetric flow, Physics of Fluids, Vol. 31 (2019), 026105 (13 pages). 

2) International and domestic conferences, meeting, oral presentation etc.  

*[2] H. Ogawa, B. Shoesmith, S. Mölder, E. V. Timofeev, G. Shoev, and K. Ohtani: 
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Proceedings of the Eighteenth International Symposium on Advanced Fluid 
Information, Sendai, (2018), CRF-3, pp. 6-7. 
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3) Patent, award, press release etc. 
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Fig. 1  Incident shock waves curve-fitted  
(shown by black solid lines) in stunted 
Busemann intakes (M� = 8, close up). Fig. 2  Gradients behind incident shocks. 
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�� 研究目的�

固液界面における輸送現象，とりわけ，熱エネルギーが界面を通過する特性は，0(06／
1(06，微粒子が懸濁された液体，生体内の構造など，ナノスケールの液体－固体系が示す

特性を理解し設計するための重要な問題である．マクロな熱流体力学においては，界面にお

ける熱輸送特性を定量化するための概念として，界面における温度ジャンプと熱流束との比

として与えられる熱抵抗が広く用いられており，超電導マグネットのクエンチなど従来から

存在する応用上の問題に加えて，高発熱機器からの熱回収・放熱問題に関連して，様々な応

用研究が始まっており，これを制御するための7,0（界面熱材料）など関連分野も萌芽期を

迎えつつある．固液界面の熱抵抗では、固体－固体界面とは異なり，固体－液体間で何らか

の熱輸送メカニズムにミスマッチを生じることが因子となると考えられているが，その分子

動力学レベルのメカニズムは未だ詳細な検討が行われていない．本研究においては，分子・

ナノスケールの複雑な固液複合構造をもつ系における熱エネルギー輸送を解析するため，分

子動力学シミュレーションにより，(1)ナノ粒子混合液体，(2)ナノメートルスケールの構造を

もつ界面，の両面からこの問題を解析する．非平衡分子動力学シミュレーション（1(0'）
を用いて，(1)ではナノ粒子の特性がそれを含有する液体の有効熱伝導率およびエネルギー輸

送機構に及ぼす影響を明らかにするため，ナノ粒子混合液体のエネルギー伝搬の機構を調べ

た．(2)では，ナノメートルスケールの凹凸構造をもつ固体表面における固液間界面熱輸送特

性を解析し，固体表面の幾何的性状と熱輸送との関連を明らかにした． 
 
�� 研究成果の内容�

(1)ナノ粒子混合液体� � 液体分子，壁面およびナノ粒子構成原子には，それぞれアルゴン分

子，白金原子を仮定し，ナノ粒子混合液体の平衡ならびに非平衡分子動力学シミュレーショ

ンを行った．非平衡シミュレーションでは平行な固体壁で液体相を挟んだモデルを用いた．

これらのモデルに対して，ナノ粒子の特性スケールや濡れ性がナノ粒子混合液体の有効熱伝

導率やその構成成分に与える影響を

詳細に調べた．図 1 は，圧力やナノ粒

子の体積分率を一定として直径数 nP
の FCC 結晶構造ナノ粒子を混合した

アルゴン液体の有効熱伝導率に対す

るナノ粒子－液体分子間相互作用強

さ(nl)の影響を示す．図 1 より，nl

の増加によって，混合液体の有効熱伝

導率が上昇することが分かる．有効熱
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伝導率をナノ粒子のᐤ与分(Ȣnano)と液体分子のᐤ与分(Ȣliquid)に分㞳したሙ合，固液間相互作

用が強くなるとナノ粒子に྾╔する液体分子が増加し，ナノ粒子のᐤ与分だけでなく，液体

分子のᐤ与分も増加することが分かった．  
(2)結晶᱁子界面[1]� � 金の FCC 結晶表面に

結晶᱁子の1㹼20ಸの大ࡁさをもつ凹凸を作

成し，液体アルゴンに᥋ゐさࡏた固液界面に

対して，温度໙㓄を与えて熱流束を発生さࡏ

て固液界面熱ࢥンࢲクࢱンスを計 した．固

液分子間のぶ性を様々な್にኚ化さࡏて

現象を調べたが，図 2 に示すよ࠺に濡れ性が

ᝏいሙ合（ᕥ）とⰋいሙ合（ྑ）では凹㒊内

 ．く異なるࡁの液体のᾐධの様相が大
図3は凹凸面における界面熱ࢥンࢲクࢱン

スを平面におけるそれと比㍑したもので

ある．結晶᱁子の1㹼20ಸのスケールをもつ凹凸面は，

いࡎれも凹凸により平面の2ಸの表面積をもってい

るが，結晶᱁子スケールに⮳るまで平面の大␎ 2 ಸ

の熱ࢥンࢲクࢱンスを示し，ᣑ大伝熱面の効ᯝがこの

スケールにまで及んでいることがわかった．固液ぶ

性の応⟅を詳しく調べると特異なᣲ動がほᐹされ，

凹凸のスケールと液体分子のスケールが関連した複

雑な現象が生じていることがわかった． 
 
�� 研究目ᶆの㐩成≧ἣ�

� 固液界面の複雑な構造が熱輸送特性に及ぼす影響

について，東北大学・大阪大学の連ᦠのୗ，それぞれ

の機関において大小 2 つのスケールから解析を㐍め，

それぞれのスケールにおける特性を明らかにした． 
 
�ᚋのㄢ㢟ࡵࡲ ��

� 様々なスケールの固液複合系に対して熱輸送特性を明らかにすることがでࡁ，本研究は所

定の成ᯝをあࡆることがでࡁたものと考えている．ᚋは，固体表面構造と固液界面㡿ᇦの

熱抵抗の相関などについて，さらにメカニズムを解明する研究を発ᒎさࡏたい． 
 
�� 研究成果㸦�㸧ࡾ࠶ๅูࡣ
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 図 3㸸固液ぶ性ࣛࣃメーࢱと 
      界面熱ࢥンࢲクࢱンス 

  
  (a) 固液పぶ性       (b) 高ぶ性 
      図 2㸸凹凸㏆ഐの固液界面[1] 
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Estimation of Mechanical Properties of Living Tissue by Shock Wave Irradiation 
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タ⨨ࡓࡋ༢୍ẼἻ⾪ᧁἼࢆ↷ᑕࡿࡌ⏕ࡁࡓࡋẼἻືྍࢆどࡓࡋ㸬 
⢓ᙎᛶࢆ⪃៖ࡓࡋRayleigh-Plesset ᪉⛬ᘧ㸸 

Rayleigh-Plesset᪉⛬ᘧࡣ㠀ᅽ⦰ᛶࣥࢺ࣮ࣗࢽὶࡢ≦⌫ࡿࡅ࠾ࢀẼἻ㐠ືࢆᨭ㓄ࡿࡍ᪉

⛬ᘧࡀࡿ࠸࡚ࢀࡽ▱࡚ࡋ㸪ᮏ◊✲࡛ࡣ⢓ᙎᛶయࡢᣑᙇࢆ๓ᥦ࡚ࡋ㸪⢓ᛶ࣏ࣗࢩࢵࢲࢆ

ࡓࡋ୪ิ࡚ࡋ⌧⾲࡛ࢿࣂࢆ㸪ᙎᛶࢺࢵ Kelvin-Voigt ಟṇࡓࡋ௬ᐃࢆࣝࢹࣔ

Rayleigh-Plesset ᪉⛬ᘧࢆ㐺⏝ࡓࡋ㸬 
⢓ᙎᛶ≀ᛶ್ࡢ᥎ᐃ᪉ἲ㸸 
ྍど⤖ᯝࡽẼἻືࡢ⣔ิࢆࢱ࣮ࢹᚓࡿࡁ࡛ࡀࡇࡿ㸬ࡢࡑ PVA-H ෆࡢẼἻື

ࢆ Rayleigh-Plesset ᪉⛬ᘧࡾࡼ㏫ၥ㢟ⓗゎᯒ࡚ࡋᐇ㦂⤖ᯝ➼౯ࡀࣝࣇࣟࣉ࡞

㸪ྍどᐇ㸬ලయⓗࡿ࡞⬟ྍࡀࡇࡿࡍ᥎ᐃᐃ㔞ⓗࢆ⋠๛ᛶ㸪⢓ᛶಀᩘࡤࢀࡁ࡛⌧

㦂࡚ࡗࡼᚓࡓࢀࡽẼἻືࡢ⣔ิࡋ┠╔ࢱ࣮ࢹ Re ࡧࡼ࠾ᩘ Ca ⾜ヨࡾࡼᡭືࢆᩘ

㘒ㄗⓗኚ್ᩘ࡚ࡏࡉゎᯒ⤖ᯝ࠸⾜ࢆࢢࣥࢸࢵࣇࡢ㸪⢓ᛶಀᩘ๛ᛶ⋡ྠࢆ᥈ᰝ

㸪Reࡽᛶ㉁ࡢ㡯ྛࡿࡅ࠾㸬᪉⛬ᘧࡓࡋ Caᩘ ᙳࢀࡒࢀࡑ࿘ᮇᖜࡢẼἻືࡣᩘ

ㄢ㢟␒  ྕ J18I045 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᗣ࣭⚟♴࣭་⒪ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 

－ 77 －



㡪ࡵࡓࡿࡍ㸪୧⪅ࡢ౫Ꮡ㛵ಀࡣ㠀ᖖᙅࡿࢀࡽ࠼⪄ࡢࡶ࠸㸬 
    ᐇ㦂⤖ᯝཬࡧゎᯒ⤖ᯝ㸸 

ᐇ㦂࡛⏝ࡓࢀࡽ࠸PVA-H ෆタ⨨ࡓࢀࡉẼἻࡣ㸪ᖹ⾮༙ᚄ 0.84 mm 㸬ᐇ㦂⤖ᯝࡓࡗ࠶࡛

ᅗࢆẚ㍑ࡢゎᯒ⤖ᯝ್ᩘ 1 㸬ୖࡍ♧ ㏙࠺ࡼࡢᐇ㦂࡛ᚓࡓࢀࡽẼἻືࡢ⣔ิࢱ࣮ࢹ

࠶ᅔ㞴࡛㠀ᖖࡀࡓࡋᣦ┠ࢆࢢࣥࢸࢵࣇࡢゎᯒ್ᩘ࡚ࡋᑐⅬࡢ࡚ࡍࡢᮇ3࿘ᮇึࡢ

ࢆࢢࣥࢸࢵࣇࡢᴟ್ࡢ㸪ྛ࿘ᮇࡵࡓࡓࡗ

┠ᣦࡓࡋ㸬ᖜ㛵ࡣ࡚ࡋ㸪➨ 1 ࿘ᮇࡢᴟᑠ್࠾

㸪ࡀࡓࢀ⌧ࡀᕪࡢࢱ࣮ࢹ2࿘ᮇ௨㝆㸪ᐇ㦂➨ࡧࡼ

୍᪉࡛࿘ᮇ㛵ࡣ࡚ࡋ㠀ᖖⰋࡓࡋ♧ࢆ⮴୍࠸㸬

ᗘ⃰ࡿࢀࡉ᥎ᐃࡽࢢࣥࢸࢵࣇࡢࡽࢀࡇ

9%PVA-H ⾲ࢆ⢓ᙎᛶ≀ᛶࡢ 1  㸬ࡍ♧
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 ࡋ࡞

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] Takahiro Sumi, Tokitada Hashimoto and Kiyonobu Ohtani : Estimation of Mechanical 
Properties of Living Tissue by Shock Wave Irradiation, Proceedings of the 18th 
International Symposium on Advanced Fluid Information, Sendai, (2018), CRF-67, pp. 
140-141. 
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 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

 

 
ᅗ㸯 ᐇ㦂⤖ᯝィ⟬⤖ᯝࡢẚ㍑ 

⾲㸯 ᑟฟࡓࢀࡉ⢓ᙎᛶ≉ᛶ⤖ᯝ 
R e   ᩘ 35  
C a   ᩘ 8  
⢓ᛶಀ  ᩘ  0.24  P a · s  
๛ᛶ⋡  28 .5  k P a  
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    ᐇ㦂⤖ᯝཬࡧゎᯒ⤖ᯝ㸸 

ᐇ㦂࡛⏝ࡓࢀࡽ࠸PVA-H ෆタ⨨ࡓࢀࡉẼἻࡣ㸪ᖹ⾮༙ᚄ 0.84 mm 㸬ᐇ㦂⤖ᯝࡓࡗ࠶࡛

ᅗࢆẚ㍑ࡢゎᯒ⤖ᯝ್ᩘ 1 㸬ୖࡍ♧ ㏙࠺ࡼࡢᐇ㦂࡛ᚓࡓࢀࡽẼἻືࡢ⣔ิࢱ࣮ࢹ

࠶ᅔ㞴࡛㠀ᖖࡀࡓࡋᣦ┠ࢆࢢࣥࢸࢵࣇࡢゎᯒ್ᩘ࡚ࡋᑐⅬࡢ࡚ࡍࡢᮇ3࿘ᮇึࡢ

ࢆࢢࣥࢸࢵࣇࡢᴟ್ࡢ㸪ྛ࿘ᮇࡵࡓࡓࡗ

┠ᣦࡓࡋ㸬ᖜ㛵ࡣ࡚ࡋ㸪➨ 1 ࿘ᮇࡢᴟᑠ್࠾

㸪ࡀࡓࢀ⌧ࡀᕪࡢࢱ࣮ࢹ2࿘ᮇ௨㝆㸪ᐇ㦂➨ࡧࡼ

୍᪉࡛࿘ᮇ㛵ࡣ࡚ࡋ㠀ᖖⰋࡓࡋ♧ࢆ⮴୍࠸㸬

ᗘ⃰ࡿࢀࡉ᥎ᐃࡽࢢࣥࢸࢵࣇࡢࡽࢀࡇ

9%PVA-H ⾲ࢆ⢓ᙎᛶ≀ᛶࡢ 1  㸬ࡍ♧

 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

⟬ฟࡓࢀࡉ⢓ᛶಀᩘ๛ᛶ⋡ࡣᐇ㝿ࡢ≀ᛶẚ㍑࡚ࡋጇᙜࡿ࠶್࡛࡞㸬ᚑ࡚ࡗ㸪ᮏ◊✲࡛

ᥦࡓࡋ⢓ᙎᛶయࡢ≀ᛶ≉ᛶᡭἲࡣ᭷ຠ࡛ࡿࢀࡽ࠼⪄ࡿ࠶㸬ᚋ㸪㧗ࡳࡎࡦ㏿ᗘ㡿ᇦࡲ

ᡂࡿࢀࡉ㸬ண࠺ࢁ࠶࡛ࡿࡁ࡛⫣㈉࠸ᧁἼ⒪⾪ࡢ㸪ᚋࡤࢀࡁᣑᙇ࡛ࢆᡭἲࡢࡇ࡛

ᯝᑐࡣ࡚ࡋ 30㸣ࡢ㐩ᡂᗘࡿ࠸࡚࠼⪄㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

 ᮏ◊✲࡚࠸࠾㸪⏕య⤌⧊⾪ᧁἼࢆ↷ᑕࡢࡁࡓࡋ≀ᛶኚࢆゎ᫂ࡿࡍᡭẁ࡚ࡋ㸪༢

୍ẼἻࡢືᇶ࡙ࡃ⢓ᙎᛶయࡢ≀ᛶ᥎ᐃἲ࡚࠸ࡘᥦࡓࡋ㸬ᶍᨃ⏕య࡚ࡋ⏝ࡓࡋ

9㸣⃰ᗘ PVA-H ẼἻືࡓࢀࡽᚓᐇ㦂ⓗ࡚ࡋᑕ↷ࢆᧁἼ⾪࠸ẚ㍑ⓗᙅẼἻࡓࡋ⨨タ

Rayleigh-Plessetࡓࡋ៖⪄ࢆ㸪⢓ᙎᛶ࡚ࡋᑐࢱ࣮ࢹ ᪉⛬ᘧࢆ㏫ၥ㢟ⓗゎᯒ࡚ࡋᐇ㦂࣮ࢹ

㸬ᚋ㸪⢭ᗘྥࡓࢀࡽᚓࡀ್࡞ጇᙜ࡚ࡋᑐᛶ≀ࡢᯝ㸪ᐇ㝿⤖ࡓࡗ⾜ࢆࢢࣥࢸࢵࣇࢱ

 㸬ࡿ࡞ᚲせࡀᚓྲྀࢱ࣮ࢹࡢ࡚ࡋᑐᧁἼ⾪࠸㸪ᙉ࡚ࡋᐇࢆ ィࡢᗘ㡿ᇦ࡛㏿ࡳࡎࡦ㧗ୖ
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] Takahiro Sumi, Tokitada Hashimoto and Kiyonobu Ohtani : Estimation of Mechanical 
Properties of Living Tissue by Shock Wave Irradiation, Proceedings of the 18th 
International Symposium on Advanced Fluid Information, Sendai, (2018), CRF-67, pp. 
140-141. 

[2] ᶫᮏᛅ㸪ఫ㝯༤: ⾪ᧁἼ↷ᑕࡿࡅ࠾ẼἻືࢆ⏝ࡓࡋ⢓ᙎᛶయࡢ≀ᛶホ౯, ᖹᡂ 30
ᖺᗘ⾪ᧁἼ(2019) ,࣒࢘ࢪ࣏ࣥࢩ, USB 1A4-4. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

 

 
ᅗ㸯 ᐇ㦂⤖ᯝィ⟬⤖ᯝࡢẚ㍑ 

⾲㸯 ᑟฟࡓࢀࡉ⢓ᙎᛶ≉ᛶ⤖ᯝ 
R e   ᩘ 35  
C a   ᩘ 8  
⢓ᛶಀ  ᩘ  0.24  P a · s  
๛ᛶ⋡  28 .5  k P a  

 

 
 

 

 

 

 

 

⧄⥔ᙉ」ྜᮦᩱの高ᗘಖᢏ⾡㛵ࡿࢃ研究 

Seminar Ior AGvanceG 0aintenance 7echnology oI FiEer ReinIorceG Composites 

  

高ᮌ ᩄ行*†，ఀ⸨ ᾈᚿ**†† 
ᑠຓ川 ༤அ*，工⸨ ⣲***, ⸨ᓥ 基***, ⳥ụ 時㞝****, ᓥ㈏ ᬛᏊ*****, 佐ஂ間 ⳹⧊***** 
ஂ⏣ ဴဢ******, 佐⸨ ᚁ******, Ặᐙ ༤輝******, ᾆ ၨ♸******, ᳜ᯇ Ⰻ******* 

*東北大学流体科学研究所，**ᒣ形大学大学院⌮工学研究科,  
***⛅⏣┴⏘ᴗ技術ࢭンター, ****⚟ᓥ┴ハࢸクࣉラザ, *****ᐑᇛ┴⤒῭ၟ工ほග㒊 

******ᐑᇛ┴⏘ᴗ技術⥲ྜࢭンター, *******୕⳻㔜工ᴗᰴ式♫ 

†申請者，††所እ対応研究者 

 

1. 研究目的 

⯟✵機や⮬動㌴なの㍺㏦機Ეや圧力ᐜჾ等の一般⏘ᴗ用㏵で用がᣑ大しているⅣ⣲

⧄⥔ᙉ化ࣉラスࢳック(CFRP)に௦表される⧄⥔ᙉ化」ྜᮦᩱにおいては，その〇造方法は☜

❧されているものの，᳨ᰝ・評価技術なのಖ技術においては課題がከい．ಖの᭱㐺化

は〇ရのಙ㢗性ࡔけでなく，Ṍ␃まりの向上にもᐤ与するため，その高度化がᚲせとされる．

本研究㞟では⧄⥔ᙉ化」ྜᮦᩱのಖ技術の≉にすḢにおける⌧状と課題とᒎᮃについ

て調ᰝし，東北ᇦ内のᴗと川ୗᴗをྵめた⏘学ᐁ㐃ᦠによるࢩーズ技術の発ᒎと研究基

盤ᵓ⠏を目指す． 
2. 研究成果の内容 

ᖹ成㸱㸮年度は，⮬動㌴分野等で用いられるCFRP(CFRTP)の研究㛤発でά㌍するㅮᖌを

ᣍいてୗグのㅮ₇を㛤ദし，後CFRP 成形ရに求められる課題等について学ࡪ機をタ

けた．また，川ୗᴗと東北ᇦ内のᴗが⮬⏤にウㄽし，ニーズとࢩーズがマッࢳンࢢする

機となるよう技術᠓ㄯをタけた． 
�1� ➨ඵᅇCFRP研究ㅮ₇ ࠥ」ྜᮦᩱの用㏵ࡑのㄢ㢟ࡘい࡚ࠥ 

᪥ 時 㸸 ᖹ成㸱㸯年㸯᭶㸯㸳᪥㸦ⅆ㸧 13:00 – 17:05 
場 所 㸸 東北大学 流体科学研究所 㸰号㤋㸳㝵 大ㅮ⩏ᐊ 
ཧ加者数㸸 㸴㸵名 
ㅮ ₇ 㸸 
「⮬動㌴分野におけるCFRP の㐺用と課題」 
      (ᰴ)本⏣技術研究所         ௵研究員      ⁽ᒣ 㞝ኴ ඛ生 
「工ᴗ〇ရや࢞ラス⧄⥔」ྜᮦᩱの㛗もࡕの科学」 
       ி㒔工ⱁ⧄⥔大学            教ᤵ        すᮧ ᐶஅ ඛ生 
「ୡ界のエネルギーໃと㍺㏦用エネルギーの後について」 
      ி㒔工ⱁ⧄⥔大学        ≉௵教ᤵ      ஂ⡿ ㎮㞝 ඛ生 
「CFRP の成形ရ㉁ಖドのための᳨ᰝ・モニタリンࢢ技術の研究」 
      ឡ大学            ຓ教        Ỉ上 Ꮥ一 ඛ生 
 

課題番号 J18I046 
区分 共同研究㞟 

課題分野 ⎔境・エネルギー分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目 
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�2� ➨୍ᅇCFRP研究ᢏ⾡᠓ㄯ 

᪥ 時 㸸 ᖹ成㸱㸯年㸯᭶㸯㸳᪥㸦ⅆ㸧 11:00 – 12:30 
場 所 㸸 東北大学 流体科学研究所 㸯号㤋㸰㝵 ㆟ᐊ 
ཧ加者数㸸 㸰㸱名 

 
�. 研究目ᶆの㐩成≧ἣ 

ーズ࢙ࣇ I(J15097, J16018, J17I013)で㐍めた，CFRP の᳨ᰝ，⿵ಟ，リࢧクルに関ࢃ

る研究㞟で得られた知ぢを基盤として，࢙ࣇーズ II ではCFRP のಖ(᳨ᰝ，評価，⿵ಟ)
を中ᚰにニーズの調ᰝとࢩーズ技術の発ᒎを目指した．これまで 8 回にரって行った研究㞟

を㏻してCFRP 〇ရのရ㉁ಖドに関する評価技術の⏘学共同研究が㛤ጞされ，高圧Ỉ⣲ᐜ

ჾと⯟✵機㒊ᮦのマルࢳマࢸリル接╔接ྜ㒊を対㇟とする画期的な非◚ቯ評価技術の提

案にも⮳った．  
 
 ᚋのㄢ㢟ࡵࡲ .�

本研究は, ᖹ成㸰㸴年㸯㸮᭶に発㊊したものであり, これまでに㸶回のㅮ₇と㸲回の

技術調ᰝを実した．「᳨ᰝ・評価」分科においては, ᐑᇛ┴のཷクᴗをཷけて⏘学ᐁ

㐃ᦠによる共同研究が㛤ጞされ，学術ㄽᩥᇳ➹と≉チฟ㢪にまで⮳った．࢙ࣇース II となる

本研究㞟では対㇟とする技術分野を「᳨ᰝ・評価・⿵ಟ」というಖά動の㸱技術に⤠り

㎸み，」ྜᮦᩱの高度ಖ技術を中ᚰに研究のᣑ大を㐍める．ࣚーロッパ，メリカ，中

ᅜで㛤ദされる」ྜᮦᩱの非◚ቯ評価に関するᅜ際㆟にてᙜ研究㞟で得られた成果を

発表し，ᅜ際共同研究を行うなして，᭱ඛ➃の知㆑を研究にࣇーࣂࢻックできるよう

ά動ᆅ盤のᅜ際化を㐍める． 
 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

[1] H. Kosukegawa, R. Yamada, S. Tamonoki, N. Sato, K. Ura, T. Takagi: Nondestructive 
Evaluation of Hardening Degree of Epoxy Resin in CFRP with Eddy Current Testing, 
Electromagnetic Nondestructive Evaluation (XXI), Vol. 43 (2018), pp. 65-72. 

[2] H. Kosukegawa, Y. Kiso, Y. Yoshikawa, R. Urayama, T. Takagi: Characterization of 
laminated structure on scarfed slope of CFRP by utilizing eddy current testing with 
differential type probe, International Journal of Applied Electromagnetics and 
Mechanics, Vol. 59 (2019), pp. 1227-1238. 

2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 

*[3] Tetsuya Hisada, Keisuke Ura, Noriyuki Sato, Hiroyuki Kosukegawa, Toshiyuki Takagi: 
Seminar for Advanced Maintenance Technology of Fiber Reinforced Composites, 
Proceedings of the Eighteenth International Symposium on Advanced Fluid Information, 
Sendai, (2018), CRF-36, pp. 74-75. 

[4] 高ᮌᩄ行，ᑠຓ川༤அ㸸CFRPᵓ造≀のಖと㟁☢非◚ቯ評価技術，NDEࢩン࢘ࢪ࣏ム2018
㸫ᵓ造性と非◚ቯ評価㸫，東ி，(2018)． 

[5] ᮌ᭮㞝ኴ，ᑠຓ川༤அ，ᶫ本ග⏨，ᾆᒣⰋ一，高ᮌᩄ行，Lalita Udpa㸸CFRP の࣑スラ

➨，ローブの᳨ฟ性評価ࣉメントを対㇟とする 㟁流ヨ験における☢場指向ᆺ 10 回᪥本

」ྜᮦᩱ㆟，東ி，(2018)，3C-11． 
 Ⓨ⾲➼㸧࣑ࢥス࣐の㸦≉チ㸪ཷ㈹㸪ࡑ ��

なし 
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Solid Oxide Fuel Cells Replacement of a Traditional Catalytic Converter 

 

Jeongmin Ahn*†, Hisashi Nakamura**†† 
*Department of Mechanical and Aerospace Engineering, Syracuse University 

**Institute of Fluid Science, Tohoku University 
†Applicant, ††IFS responsible member 

 
1. Purpose of Project 

Study the characteristics of combustion of typical automotive fuels, such as gasoline 
and diesel, and how they relate to performance characteristics of Solid Oxide Fuel 
Cells (SOFCs). The eventual objective is to integrate SOFCs into automotive 
exhaust to increase efficiency and decrease emissions. 

 

2. Details of Program 

It was discovered that the primary concern that needed to be addressed was the 
ability of a SOFC to reduce automotive emissions to successfully replace a 
traditional catalytic converter. The primary concern of the automotive industry was 
operation at extremely lean equivalence ratios, simulating a “fuel cut” scenario. A 
series of SOFC’s were then tested on model exhaust against traditional catalytic 
converter material in a lab setting. The model exhaust was then sent to the anode 
chamber of the SOFC in a tubular furnace, upon leaving the anode, the exhaust was 
recirculated into the cathode chamber. The exhaust was then finally captured and 
measured with a Gas Chromatograph and a Mass Spectrometer (GC/MS).  
For comparison, a section of catalytic converter material was removed from a 
commercially available automotive catalytic converter. The material was cut to 
match the total surface area of the SOFC. The catalytic converter piece was placed 
in a quartz tube within the same tubular furnace. The model exhaust was able to 
pass over the section of catalytic converter where it was then captured for GC/MS 
analysis. 

 

3. Achievements 

A baseline of gasoline exhaust composition was conducted. Syringes of exhaust 
samples were taken upstream of any emission control devices within the exhaust. 
The engine was able to reach operating temperature before the samples were taken. 
The samples were taken at idle while the temperature at the location of sampling 
was recorded via VAGCOM data logging software. Samples were analyzed with a 
GC/MS. The resulting exhaust composition and temperature indicate a possible 
environment for SOFC operation. There was found to be approximately ~2-4% 
syngas, H2 and CO, within the exhaust at 605Υ at idle without engine tuning. 
Previous work has indicated that SOFC’s have the potential to produce significant 
power in combustion exhaust at equivalence ratios only slightly rich. 
Power generation, however, must be second to emission reduction. We must ensure 
that we limit the amount of harmful emissions entering the atmosphere as much as 
possible. Therefore a typical planar SOFC that could operate at temperatures near 
600Υ was tested for emission reduction in comparison to a section of catalytic 
converter. A Nickel- Gadolinium Dope Ceria (Ni-DGC) SOFC was compared against 

Project code J18I047 
Classification General collaborative research 
Subject area Environment and energy 
Research period April 2018 ~ March 2019
Project status 1st year 
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a section of commercially available catalytic converter material at 600Υ. Both 
specimens were tested under extreme simulated lean conditions. This is meant to 
simulate the fuel being stopped while the engine is still rotating, such as the driver 
lifting off the gas pedal and beginning to decelerate. This is known as the most 
challenging operation for a catalytic converter and also represents the most 
challenging environment for the SOFC. 
The new design for the SOFC system performs better than the catalytic converter. 
The SOFC significantly outperforms the catalytic converter in oxygen utilization, 
carbon dioxide production, and NO, CO reduction. As shown in the table below: 
 

Table 1: Emission Reduction Comparison 

 
 

4. Summaries and future plans 

The initial testing of the SOFC indicates the potential of the system as an emission 
control device with the potential for power generation. The SOFC was able to exceed 
the emission reductions of a traditional catalytic converter. The SOFC significantly 
outperforms the catalytic converter in oxygen utilization, carbon dioxide production, 
and NO, CO reduction at an equivalence ratio of 0.3 and 0.2. 
Additionally, carbon deposition onto the surfaces of the SOFC anode may be able to 
be minimized through the manipulation of the SOFC’s operating voltage. A higher 
operating voltage could result in less carbon deposition, allowing the SOFC longer 
operation in a CO rich environment. Further research is being conducted to 
investigate the phenomena of carbon deposition and operating voltage. 

 

5. Research results  

1) Journal  Not Applicable. 
2) International and domestic conferences, meeting, oral presentation etc. 

[1] T. S. Welles and J. Ahn: Novel Automotive Emission Reduction and Power 
Generation through Solid Oxide Fuel Cells, The Eleventh U.S. National 
Combustion Meeting, (2019). 

*[2] T. S. Welles, J. Ahn, H. Nakamura: Solid Oxide Fuel Cells Replacement of a 
Traditional Catalytic Converter, Proceedings of the Eighteenth International 
Symposium on Advanced Fluid Information, Sendai, (2018), CRF-57, pp. 116-117. 

3) Patent, award, press release etc.   Not Applicable. 
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specimens were tested under extreme simulated lean conditions. This is meant to 
simulate the fuel being stopped while the engine is still rotating, such as the driver 
lifting off the gas pedal and beginning to decelerate. This is known as the most 
challenging operation for a catalytic converter and also represents the most 
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Retrospective Study of Intracranial Aneurysms Treated with Flow-Diverting Stent: 

The Correlation between Haemodynamic Alterations and Treatment Outcomes 

 

Makoto Ohta*†, Itsu Sen**†† 
Mingzi Zhang*, Yujie Li * 

* Institute of Fluid Science, Tohoku University 
**Faculty of Medicine and Health Science, Macquarie University 

†Applicant, ††non-IFS responsible member 
 
1. Purpose of the project 

The outcomes of patients with intracranial aneurysms vary from one to another after 
undergoing flow-diverting stent implantation. We seek to explore the dominant 
haemodynamic parameters that could predict favourable treatment outcomes prior 
to the real treatment, thereby assisting clinicians in identifying the best treatment 
mode. 

 
2. Details of program implement  

We first collected data of aneurysm patients (n = 15) underwent flow-diverting stent 
implantation from our collaborating hospital, and then reconstructed geometries of 
their cerebral vasculature before and after treatment. Using our previously 
developed virtual stenting technique, we modelled flow-diversion treatment for each 
patient following the same strategy as used in the real treatment, and compared the 
virtual stent structures to those implanted in vivo through cone beam computed 
tomography (cone-beam CT). 
 

 
Figure 1 : Comparison of stent structures deployed in simulation (left) to those deployed 

in vivo (right).  
 

Project code J18I048 
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After all stented aneurysm models were obtained, we classified them into two cohorts 
in accordance with their treatment outcomes — (1) complete aneurysmal occlusion 
and (2) residual aneurysm persisting, based upon the O’Kelly-Marotta grading scale 
at the 6 months’ follow-up. (See Figure 1 for the representative reconstructed 
aneurysms and virtually deployed stents.) For each cohort, intra-aneurysmal 
haemodynamic parameters — aneurysmal inflow rate, energy loss, maximal velocity, 
mean velocity, and velocity curls — were assessed using computational fluid 
dynamics (CFD).  
 
We observed in some treatment cases that incomplete stent expansion occurred when 
the stent was deployed in the location where the parent artery exhibits a large 
variation in curvature. Since incomplete stent expansion was reported to be a factor 
leading to incomplete aneurysm occlusion, we therefore modelled stents deployed at 
different levels of incomplete expansion, in comparison to the fully expanded 
condition, to examine the possibly associated adverse haemodynamic changes.  

 
3. Achievements 

We have successfully established a haemodynamic database for aneurysms after 
flow-diversion treatment. Consisting of aneurysm and stent structural 
characteristics, the corresponding haemodynamic simulation results, the clinical 
outcomes of each patient at the 6 months’ follow-up, etc, this database is ready to be 
used to correlate aneurysm haemodynamics with the in vivo treatment outcomes. 
 
Meanwhile, we have studied into the haemodynamic effects on aneurysmal 
haemodynamics of different severities of incomplete stent expansion occurring at 
various segments of the parent artery. Results of this study could readily be used as a 
reference for clinicians to assess the possible risks of flow-diversion treatment. 

 
4. Summaries and future plans 

At this moment, we are analysing the correlation of those haemodynamic parameters 
obtained from the two cohorts of aneurysm patients with their in vivo treatment 
outcomes, seeking for a valuable haemodynamic indicator that can be used to predict 
the rate of complete aneurysm occlusion. 

 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

[1] Y. Li, M. Zhang, D. I. Verrelli, W. Chong, M. Ohta, Y. Qian, Numerical simulation of 
aneurysmal haemodynamics with calibrated porous-medium models of 
flow-diverting stents, Journal of Biomechanics, 80 (2018), pp. 88-94. 

 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[2] M. Ohta, Y. Qian, Y. Li, M. Zhang: Planning Flow-Diversion Treatment for 
Intracranial Aneurysms: What Role Could Fluid Dynamics Play?, Proceedings of 
the 18th International Symposium on Advanced Fluid Information (AFI2018), 
Sendai, (2018). CRF-63, pp. 132-133. 

 
3) Patent, award, press release etc.  

Not applicable. 
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1. Purpose of the project 

In this study, we numerically analyze the transient natural convection problem in 
a two dimensional square cavity subjected to temporal change of thermal boundary 
condition of side wall. Quantitative measurements of the transient temperature 
field in a closed cavity are also performed using a phase-shifting interferometer, and 
the results used to validate the two dimensional numerical simulations. The 
possibility of thermal boundary layer control will be discussed using both numerical 
and experimental results. 

 
2. Details of program implement  

In the last year the comparison between the numerical simulation results made at 
the University of Sydney and the experimental results obtained at Tohoku 
University were made. Some of these comparisons are shown in figure 1 where the 
temperature field for the experimental results is shown on the top sequence of 
images and the numerical simulations are shown on the bottom. We attended the 
Fifteenth International Conference on Flow Dynamics, Sendai. We have made 
substantial progress in writing a Journal paper. 

 

 
Figure 1: Experimental (top) and numerical results (bottom) of temporal changes 

of temperature distribution. 
 
 
3. Achievements 

 At the University of Sydney, two dimensional numerical simulations of temporal 
variation of temperature field were performed to analyze the natural convection 
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thermal boundary layer problem. The simulation results are complete and the 
analysis is also completed. We have prepared a draft Journal article for the journal 
`International communications in heat and mass transfer’ which will be submitted in 
2019. 
 
Linjing Zhou, Steven Armfield, Nicholas Williamson, Michael Kirkpatrick, Wenxian 
Lin, Atsuki Komiya, and Takuma Kogawa. Evaluation of Flow Field in Closed Cavity 
under Temporally Variable Thermal Condition, International communications in 
heat and mass transfer (in preparation). 

 
4. Summaries and future plans 

In this fiscal year, we analyzed the results and prepared a draft journal paper. This 
publication is close to submission. The PhD student was the first author so this 
contributes to an educational activity in this research framework. In the future, we 
will modify the temperature control cell and quantitative evaluation will be 
achieved. Currently further numerical simulations are underway using three 
dimensional geometry. 

 
5. Research results (* reprint included)   

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] Linjing Zhou, Steven Armfield, Nicholas Williamson, Michael Kirkpatrick, 
Wenxian Lin, Atsuki Komiya, and Takuma Kogawa : Experimental Validation of 
Natural Convection Flow in a Cavity with Time-Varying Thermal Boundary 
Conditions, Proceedings of the Eighteenth International Symposium on Advanced 
Fluid Information, Sendai, (2018), CRF-10, pp. 20-21. 

 
3) Patent, award, press release etc. 

Not applicable. 
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1. Purpose of the project 

One of natural fibers that has a strong tensile property is Abaca (Musa Mepientum) 
fibers. It has been used as reinforced composite in automotive industry to improve 
the acoustic performances. However, Abaca single fibers are highly random in length 
and width, causing large distribution in its tensile strength. Therefore, the failure 
behavior of Abaca fiber reinforced composite could significantly be affected by the 
loading rate. The purpose of this research is to investigate the tensile property of 
single Abaca fiber in order to propose a design guideline for Abaca fiber reinforced 
composite for a broader engineering application.  
 

2. Details of program implement  

In order to evaluate the tensile property of the single fiber, a tensile test experiment 
apparatus is used (Figure 1). The apparatus consists a leaf spring equipped with a 
strain gage, a magnetic pull solenoid, and an xyz stage. The single fiber specimen of 
10 cm is fixed on a piece of paper with adhesive tapes on their ends, as shown in 
Figure 2. The specimen is fixed to the tensile test apparatus using holders. Prior to a 
test, the paper is cut in the middle, as indicated in Figure 2. 
 

 
 

 
 
 
 
 
 
 
 
 

 
Figure 1: Tensile test experiment apparatus    Figure 2: Specimen of single fiber 

 
3. Achievements 

A typical result of the tensile test is given in Figure 3. In this particular case, the 
fiber broke at the tensile force of 3.5 N. A typical microscopic image of the broken 
single fiber given in Figure 4 reveal the existence of a weak point at the fiber. This 
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weak point existing at several locations along the fiber causes non uniform tensile 
strength of the single fiber. Figure 5(a) and 5(b) shows a cross section area of a single 
fiber after breakdown. It indicates that the failure started from the outer part of the 
fiber and propagated to the center part. The single fiber consists of capillary 
structure, as shown in Figure 5(b). 

 

                               
 

Figure 3: Tensile test result of a single fiber         Figure 4: Breakdown at weak point 
 

 

                    
(a )                              (b ) 

 
Figure 5: Single fiber cross section (a) and (b) 

 
4. Summaries and future plans 

The existence of weak points at single fiber specimens resulted in fiber breakout at 
unexpected location. This become the main difficulty in obtaining the specific value 
of the single fiber tensile strength. In order to overcome the problem, a shorter test 
specimen will be used, especially to remove the weak point. For this purpose, a 
stronger pulling force is required. A new tensile test apparatus using linear actuating 
mechanism will be used for the tensile test. In addition, to discuss the mechanical 
properties of Abaca fibers by taking into account the distribution in tensile strength, 
Weibull analysis will be introduced. 

 
5. Research results (*reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. 

(included international conference without peer review) 

*[1]  Z. Fuadi, S. Sabri, S. Rizal, H. Homma, T. Takagi, H. Miki, H. Kosukegawa: 
Experimental study on the tensile strength and fracture behavior of single Abaca 
fiber, Proceedings of the Eighteenth International Symposium on Advanced Fluid 
Information, Sendai, (2018), CRF-39, pp. 80-81. 

3) Patent, award, press release etc.  

Not applicable. 
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1. Purpose of the project 

Recently a micro flow reactor with controlled temperature profile utilizing 
superadiabatic combustion was integrated with a Solid Oxide Fuel Cell (SOFC) in a 
Flame-assisted Fuel Cell (FFC) setup [1]. Propane was investigated as the fuel in 
that work for equivalence ratios from 1 to 5.5. The fuel utilization was improved by 
an order of magnitude (up to 50% fuel utilization) compared to previous work, which 
shows potential for high overall efficiency of the system. Despite the potential with 
propane fuel, methane has the highest potential for hydrogen generation due to the 
higher hydrogen to carbon ratio. Natural gas, which primarily consists of methane, 
is also expected to have significant potential for use as a fuel with the micro flow 
reactor based FFC.  
In this work a micro flow reactor with controlled temperature profile is integrated 
with a micro-Tubular SOFC operating in the FFC setup. Methane and natural gas 
are investigated as fuels for the setup. The setup is investigated in a furnace to 
assess the potential for high power density and fuel utilization. A long-term test is 
conducted to assess the stability of the power generation. 

 

2. Details of program implement  

Methane and natural gas (composition of 96.6% methane, 2.2% ethane, 0.5% H2O 
and 0.4% N2) were used as fuels in the experiment. Three total (i.e., fuel and air) flow 
rates were investigated in the experiment; 10 mL.min-1, 50 mL.min-1, and 100 
mL.min-1. At each flow rate, the fuel flow rate and air flow rate were changed to 
achieve the desired equivalence ratio while maintaining the overall flow rate 
constant. Fuel/air equivalence ratios of 1.5, 2, 2.5 and 3 were investigated. The 
experimental setup was described previously. The flow rate of fuel and air were 
controlled with mass flow controllers. The fuel/air mixture was heated in a tube 
furnace at 800Υ  to achieve superadiabatic combustion at equivalence ratios 
exceeding the upper flammability limit. This allowed for fuel-rich micro/meso-scale 
combustion to occur in the combustion chamber, which had an internal diameter of 
3.6 mm.  After combustion, the fuel-rich exhaust flowed to the mT-SOFC where the 
syngas in the exhaust flowed to the triple phase boundary of the anode. External air 
heated to 800Υ flowed to the cathode. The remaining exhaust was released inside 
the furnace and combusted.  
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Figure 1 : SOFC polarization and power density curves with natural gas/air at 

equivalence ratios from 1.4 to 3.0 and a long-term test at an equivalence ratio of 3.0. 
 
3. Achievements 

A FFC was integrated with a micro flow reactor with controlled temperature profile 
to reform methane and natural gas fuel into syngas at high equivalence ratios using 
heat recirculation. The FFC was able to produce a high power density of 333 
mW.cm-2 using a total fuel/air flow rate of 50 mL.min-1 at an equivalence ratio of 3. 
When exposed to the high amounts of fuel available at high equivalence ratios, the 
fuel cell had a high fuel utilization of 44%. Over a long-duration test at a current 
density of 350 mA.cm-2, total fuel/air flow rate of 50 mL min-1 and an equivalence 
ratio of 3.0 the FFC power density did not decrease. 

 

4. Summaries and future plans 

A high power density, electrical efficiency, and fuel utilization were achieved with 
natural gas for the first time. The performance achieved led to thermodynamic 
models that demonstrate the potential for a self-sustained, high efficiency, micro 
power device. The results of the first years’ work were published in an international 
peer reviewed journal [1]. 

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

[1] R. J. Milcarek, H. Nakamura, T. Tezuka, K. Maruta, and J. Ahn: Microcombustion 
for micro-tubular flame-assisted fuel cell power generation and heat cogeneration, J. 
Power Sources, 413 (2019), pp. 191-197. 

2) International and domestic conferences, meeting, oral presentation etc.  

*[2] B. B. Skabelund, R. J. Milcarek, H. Nakamura, K. Maruta, J. Ahn: 
Meso/micro-scale Combustion of Natural Gas for Fuel Cell Applications, The 
Eleventh U.S. National Combustion Meeting, (2019). 

[3] A. H. Khalid, R. J. Milcarek, H. Nakamura, K. Maruta, J. Ahn: Low Temperature 
Soot Regime of Propane in a Micro Flow Reactor with Controlled Temperature 
Profile, The Eleventh U.S. National Combustion Meeting, (2019). 

*[4] R. J. Milcarek, M. Chu, H. Nakamura, K. Maruta, J. Ahn: Microcombustion of 
Natural Gas for Solid Oxide Fuel Cells, Proceedings of the Eighteenth 
International Symposium on Advanced Fluid Information, Sendai, (2018), CRF-23, 
pp. 46-47. 

3) Patent, award, press release etc.  

Not applicable. 
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1. Purpose of the project 

In the framework of Non Destructive Testing of metallic parts used in the field of 
thermal and nuclear power plants, physical insights of the behavior of the materials 
have to be better understood. In this frame, it is proposed in this project to model the 
magnetic properties of the materials on the one hand, and to model the NDT on the 
other hand. Doing so, it is foreseen that more accurate interpretations of NDT signals 
may be obtained for an enhanced reliability. 
 
2. Details of program implement  

Among others, the magnetic incremental permeability was chosen as a key NDT 
technique thanks to its great sensitivity to residual stresses. 
During previous years, the following tasks were completed: 
x Development of models for hysteresis in ferromagnetic materials. This task lied in 

the framework of the Double-Degree PhD of M. Bhaawan GUPTA, working since 
October 2016 at LGEF laboratory (INSA-Lyon), ELyTMaX laboratory, and IFS, 
under the supervision of Dr Benjamin Ducharne, Pr Gael Sebald, and Pr Tetsuya 
Uchimoto. 

x Eddy current testing and Magnetic Incremental Permeability on representative aged 
and fatigued metallic samples. The different experimental results are as inputs for 
the theoretical effort. Especially, the parameters of the model are screened in order to 
establish discriminant and reliable structural health indexes.  

During FY2018, the following tasks were started: 
x Refinement of hysteresis models, in order to be able to simulate accurately typical 

signals encountered in Non-Destructive Techniques 
x Comparison between model parameters determined by experiments, to 

microstructure information, such as Kernel Average Misorientation or number of 
precipitates. 

 
3. Achievements 

Experiments were conducted on chromium steel using Magnetic Incremental 
Permeability (MIP) technique. It was shown that some indicator – based on MIP signals 
– are especially sensitive to the number of precipitates, as well as stress during heat 
treatment of aged samples.  
From the modeling attempts, Jiles-Atherton model was chosen for its limited number of 
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parameters, as well as their physical interpretation. It was especially shown that some 
parameters are especially sensitive to the number of precipitates in high chromium 
steels. 
 
4. Summaries and future plans 

Further steps of this collaboration are: 
- Other materials should be tested, in order to check the validity of our newly 

developed techniques and interpretations. 
 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

[1] B. Zhang, B. Ducharne, B. Gupta, G. Sebald, T. Uchimoto : Dynamic Magnetic 
Scalar Hysteresis Lump Model Based on Jiles-Atherton Quasi-Static Hysteresis 
Model Extended With Dynamic Fractional Derivative Contribution, IEEE 
Transactions on Magnetics, Vol. 54, No.11, (2018), 7301605. Proceedings of 
INTERMAG 2018, Singapore. 

2) International and domestic conferences, meeting, oral presentation etc. 
[2] B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto, T. Takagi : Ferromagnetic Models 

for Electromagnetic Non-Destructive Techniques Improvement, Non Destructive 
Evaluation 2018, Mumbai, India, Dec. 17-21, (2018). 

[3] B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto, T. Takagi : Magnetic Hysteresis 
Models for the Interpretation of Non-Destructive Testing Techniques based on 
Magnetic Incremental Permeability, Proceedings of the Fifteenth International 
Conference on Flow, Sendai, (2018), OS17-3/CRF-92, pp. 844-845. 

[4] B. Gupta, B. Ducharne, T. Uchimoto, G. Sebald : Modeling and Experimental 
Magnetic Barkhausen Noise Non-destructive Evaluation of 12 Cr-Mo-W-V Steel 
Creep Test Samples, 4th Conference on Maintenance Science and Technology 
ICMST-Tohoku, Sendai, Japan, 23rd-26th October (2018). 

[5] B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto : Modeling and experimental 
magnetic incremental permeability non-destructive evaluation of 12 CrMo-W-V 
test samples, 23rd International Workshop on Electromagnetic Nondestructive 
Evaluation (ENDE2018), Detroit, USA, September 9 - 13, (2018). 

[6] B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto : Magnetic non-destructive 
materials characterization of non-ferromagnetic materials using magnetic 
susceptibility, INTERMAG 2018, Singapore, (2018). 
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Models for the Interpretation of Non-Destructive Testing Techniques based on 
Magnetic Incremental Permeability, Proceedings of the Fifteenth International 
Conference on Flow, Sendai, (2018), OS17-3/CRF-92, pp. 844-845. 

[4] B. Gupta, B. Ducharne, T. Uchimoto, G. Sebald : Modeling and Experimental 
Magnetic Barkhausen Noise Non-destructive Evaluation of 12 Cr-Mo-W-V Steel 
Creep Test Samples, 4th Conference on Maintenance Science and Technology 
ICMST-Tohoku, Sendai, Japan, 23rd-26th October (2018). 
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magnetic incremental permeability non-destructive evaluation of 12 CrMo-W-V 
test samples, 23rd International Workshop on Electromagnetic Nondestructive 
Evaluation (ENDE2018), Detroit, USA, September 9 - 13, (2018). 
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1. Purpose oI the proMect 

We aim at modeling the stress-strain behavior of natural rubber, in a wide range of 
deformation (up to 500%), accounting for loading and unloading sequences. It 
consists in a multiscale approach, from macromolecular behavior to macroscopic 
features, for which various type of damage may occur (chain scissions, local ruptures, 
etc.).  
This will be done in collaboration with both a team form IFS and ELyTMaX lab at 
Tohoku University, and a French team (MATEIS) from INSA Lyon (Université de 
Lyon).  
 

2. 'etails oI program implement 

(1) Skype meeting for collaborative research at ELyTMaX lab in IFS on 13 June 
2018. Participants: Laurent Chazeau (MATEIS, France), Hiroshi Koibuchi 
(National Institute of Technology (Kosen), Ibaraki College: NITIC, Japan), 
Chrystelle Bernard, Gildas Diguet, Gael Sebald, Jean-Yves Cavaille, Toshiyuki 
Takagi (ELyTMaX, IFS). 
In this meeting, L. Chazeau reported experimental results of rubbers including 
the strain induced crystallization (SIC), and H. Koibuchi reported 
mathematical modeling technique and preliminary results of stress-strain 
curves obtained by Monte Carlo simulations. 

(2) Meeting for collaborative research at ELyTMaX lab in IFS on 13 June 2018. 
Participants: Hiroshi Koibuchi, Chrystelle Bernard, Gael Sebald, Gildas 
Diguet, Jean-Yves Cavaille, Toshiyuki Takagi. 
In this meeting, H. Koibuchi presented the intermediate results, which were 
presented in IC-Msquare 2018, and discussed on the topic and future direction 
of study with the participants. 

(3) Meeting for collaborative research at NITIC on 13-14 December 2018. 
Participants: Hiroshi Koibuchi, Chrystelle Bernard, Gildas Diguet. This 
meeting is not held in IFS, but C. Bernard and G. Diguet came to NITIC for a 
discussion about preparation of a manuscript for journal submission on their 
return from Tokyo to Sendai. 
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(4) Skype meeting for collaborative research on 6 March 2019. Participants: 
Laurent Chazeau, Hiroshi Koibuchi, Chrystelle Bernard, Jean-Yves Cavaille. 
In this skype meeting, the participants discussed about the manuscript for 
journal submission. 

(5) (Informal) Meeting for collaborative research in ELyTWorkshop 2019 in 
Naruko during 10-12 March 2019. Participants for this informal and special 
meeting are: Hiroshi Koibuchi, Chrystelle Bernard, Gildas Diguet, Jean-Yves 
Cavaille, Toshiyuki Takagi. In this meeting, the participants discussed the 
future plan of this project especially on the modeling of SIC. 

 
�. Achievements 

Mathematical modeling based on Finsler geometry (FG) is successful, and several 
experimental data of stress-strain curves up to 1200% are successfully reproduced by 
Monte Carlo simulations. In the application form, only 500% of strains was expected 
to be reproduced, and therefore, the achievement level is more than this expectation. 
However, FG modeling is not always satisfactory for SIC phenomenon, though the 
obtained results are all consistent with the experimentally known facts on SIC. 

 
�. Summaries anG Iuture plans 

The next target is a modeling of SIC, which is at present not always sufficient even 
in FG modeling, though the results of FG modeling are consistent with SIC 
phenomenon. One of possible idea is to freeze the positional and/or the directional 
degrees of freedom of polymer in Monte Carlo simulations. The latter one; freezing 
the directional degree of freedom, was examined in (K. Osari and H. Koibuchi, 
Polymer 2018). We should check whether the first one is effective for SIC modeling 
and can reproduce the stress-strain curves influenced by SIC. 

 
�. Research results � reprint incluGeG�  

1� -ournal �incluGeG international conIerence with peer review anG tutorial paper� 

*[1] Hiroshi Koibuchi, Chrystelle Bernard, Jean-Marc Chenal, Gildas Diguet, Gael 
Sebald, Jean-Yves Cavaille, Toshiyuki Takagi, and Laurent Chazeau : 
Mathematical Modeling of Rubber Elasticity, Journal of Physics: Conf. Series, Vol. 
1141, (2018), 012081 (8 pages), doi:10.1088/1742-6596/1141/1/012081 (open access). 

[2] Hiroshi Koibuchi, Chrystelle Bernard, Jean-Marc Chenal, Gildas Diguet, Gael 
Sebald, Jean-Yves Cavaille, Toshiyuki Takagi, and Laurent Chazeau : Monte Carlo 
Study of Rubber Elasticity on the Basis of Finsler Geometry Modeling, Symmetry, 
Vol. 11, (2019), 1124 (22 pages), doi:10.3390/sym11091124 (open access). 

2� ,nternational anG Gomestic conIerences� meeting� oral presentation etc. �incluGeG 

international conIerence without peer review� 

[3] Hiroshi Koibuchi, Chrystelle Bernard, Jean-Marc Chenal, Gildas Diguet, Jean-Yves 
Cavaille, Gael Sebald, Toshiyuki Takagi, and Laurent Chazeau : Mathematical 
modeling and simulations of soft-elastic materials under large strain, Proceedings 
of the Fifteenth International Conference on Flow Dynamics, Sendai, (2018), 
OS17-/CRF-94, pp. 848-849. 

[4] Hiroshi Koibuchi : Mathematical modeling of polymeric materials: Finsler geometry 
models and Monte Carlo simulations, Book of Abstracts of XV International 
Workshop on Complex Systems, Trent, Italy, March 17-20, (2019), p. 111. 
(https://event.unitn.it/complexsystems2019/Book_2019_cover.pdf) 

�� Patent� awarG� press release etc. 

Not applicable. 
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1. Purpose of the project 

The availability of fossil fuels becomes the world attention as limited and 
non-renewable energy sources. A utilization of biogas is potential solution to this 
energy issue because biogas does not contribute to the increase in the amount of 
carbon dioxide in atmosphere. As for the application of biogas in a combustion facility, 
combustion characteristics, such as laminar burning velocity and the Markstein 
length, should be clarified. The biogas can be simulated by methane/CO2 mixture. 
The results in last year clarified the effects of CO2 dilution on laminar flame 
characteristics of stoichiometric methane flame under up to high pressure. However, 
combustion characteristics of lean and rich flame characteristics have not been 
clarified. In this year, the combustion characteristics of the artificial biogas, 
methane/CO2 mixture, will be clarified using the high pressure constant volume 
combustion chamber at IFS. 

 
2. Details of program implement 

The experiments were carried out using a high pressure constant volume combustion 
chamber at the Institute of Fluid Science, Tohoku University. Methane and carbon 
dioxide (CO2) mixture was employed as fuel while oxidizer was dry air. Although 
biogas also contains nitrogen (N2), the N2 concentration is negligible. The amount of 
CO2 in the fuel (methane+CO2) was defined as Zco2. In actual biogas, the value of 
Zco2 is approximately 0.3 to 0.5, and thus this CO2 dilution ratio was varied from 0.3 
to 0.5 in this study while the initial mixture pressure was set to 0.10 and 0.50 MPa 
are chosen as the initial mixture pressure. Equivalence ratios were 0.8, 1.0, and 1.2 
and the initial temperature of mixture was 298 K. The evolution of flame radius 
during flame propagation was acquired using the Schlieren image photography. The 
flame speed, SN, and flame stretch rate, H, were obtained from the derivative of the 
flame radius with respect to time. The unstretched flame speed, SS, was defined as 
the flame speed at zero stretch rate obtained by extrapolating the flame speed to zero 
stretch rate using a linear relationship between flame speed and stretch rate. The 
burnt gas Markstein length, Lb, was determined as the slope of the linear 
extrapolation. The unstretched laminar burning velocity, SL, was then calculated as 
the product of the density ratio of burnt gas to unburnt mixture and flame speed. 

 
3. Achievements 

The results obtained in this study was summarized in Fig. 1. The flame propagations 
were obtained for various equivalence ratios and pressures. Fundamental laminar 
flame characteristics of biogas, such as the unstretched laminar burning velocity and 
the burnt gas Markstein length, have been clarified for various equivalence ratios 
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and the value of ZCO2 up to elevated pressure condition.  
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Figure 1: (Left) Schlieren image of flames. (Center) Unstretched laminar burning 
velocity, SL, (Right) Variations of burnt gas Markstein length, Lb, under various CO2 

dilution ratio, ZCO2, various pressures and various equivalence ratios 
 
4. Summaries and future plans 

An increase in the initial mixture pressure and CO2 dilution ratio in CH4/CO2/air 
mixtures leads to a decrease in the unstretched laminar burning velocity of the 
mixtures. An increase in initial mixture pressure results in a decrease in the burnt 
gas Markstein length. On the other hand, an increase in CO2 dilution ratio in 
CH4/CO2/Air mixtures leads to an increase in the burnt gas Markstein length. For 
future plans, the lean and rich mixtures combustion characteristics of the biogas 
will be experimentally examined at various temperature conditions using the high 
pressure constant volume combustion chamber at IFS. In addition, the numerical 
simulation of stretched flames will be conducted in order to clarify the effects of CO2 
on stretched flame behavior. 

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] A. Hayakawa, E. C. Okafor, W. Anggono: Effects of CO2 Concentration on Flame 
Propagation Characteristics of CH4/CO2/Air Laminar Premixed Flames under 
Various Equivalence Ratios and Pressures, Proceedings of the Eighteenth 
International Symposium on Advanced Fluid Information, Sendai, (2018), CRF-77, 
pp. 160-161. 

*[2] W. Anggono, A. Hayakawa, E. C. Okafor, G. J. Gotama: Experimental and 
numerical investigation of laminar burning velocities of artificial biogas under 
various pressure and CO2 concentration, International Conference on Automotive, 
Manufacturing, and Mechanical Engineering, Bali, (2018), p. 35. 
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4. Summaries and future plans 

An increase in the initial mixture pressure and CO2 dilution ratio in CH4/CO2/air 
mixtures leads to a decrease in the unstretched laminar burning velocity of the 
mixtures. An increase in initial mixture pressure results in a decrease in the burnt 
gas Markstein length. On the other hand, an increase in CO2 dilution ratio in 
CH4/CO2/Air mixtures leads to an increase in the burnt gas Markstein length. For 
future plans, the lean and rich mixtures combustion characteristics of the biogas 
will be experimentally examined at various temperature conditions using the high 
pressure constant volume combustion chamber at IFS. In addition, the numerical 
simulation of stretched flames will be conducted in order to clarify the effects of CO2 
on stretched flame behavior. 

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] A. Hayakawa, E. C. Okafor, W. Anggono: Effects of CO2 Concentration on Flame 
Propagation Characteristics of CH4/CO2/Air Laminar Premixed Flames under 
Various Equivalence Ratios and Pressures, Proceedings of the Eighteenth 
International Symposium on Advanced Fluid Information, Sendai, (2018), CRF-77, 
pp. 160-161. 

*[2] W. Anggono, A. Hayakawa, E. C. Okafor, G. J. Gotama: Experimental and 
numerical investigation of laminar burning velocities of artificial biogas under 
various pressure and CO2 concentration, International Conference on Automotive, 
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1. Purpose of the project 

As the advent of internet of things (IoT), multi-functional devices with 
environment-friendly property and low energy consumption is required. Diamond Like 
Carbon㸦DLC㸧is non-toxic for environment and shows good mechanical properties. 
Moreover, it can be tuned in a broad range from metallic to insulating by different 
carbon structure, which could be applied to controlling the energy cost of devices. In this 
project, nano-composite films with DLC matrix-magnetic metal particles combination 
are produced. The structure, electrical and magnetic properties of DLC-magnetic metal 
particle films are discussed. 
 
2. Details of program implement  

The DLC-Co nano-composite films were deposited on Si (100), Pt/Si and quartz 
substrates by hybrid CVD-sputtering method, which consists of chemical vapor 
deposition (CVD) using methane (CH4) /argon gas mixture as a precursor and 
co-sputtering of a metal Co target. Flow rate of CH4 of 3-9 sccm included to chamber 
was changed to control carbon content. The structure of as-deposited DLC-Co films was 
analyzed by X-ra\ diffraction �;5', %ruNer 1(: '� $'9$1&(� usinJ &u .ǂ radiation 
and field-emission transmission electron microscopy (FETEM, Hitachi 4300E). DLC-Co 
nano-composite film had nanogranular structure (Figure 1). The composition of the 
films were identified by EDX (Ultra Dry, Thermo Fisher Scientific Inc.). Film thickness 
was measured by surface profile-meter (Dektak 8). Electrical resistivity was measured 
by a conventional four-point probe method. The magnetization curves were identified by 
a vibrating sample magnetometer (VSM, BHV-30SS, Rikendensi).  
 

 

 
Figure 1 : HRTEM image of DLC-Co nano-composite film. 
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3. Achievements 

By increasing the CH4 flow rate from 3 to 9 sccm, the Co content decreases from 80 
to 35 at.% and C content increases from 20 to 65 at.%. The resistivity U increases from 2 
to �� Ǎƺƛm according to an increase of Co content (Figure 2). Figure 3 shows the 
magnetic properties of DLC-Co films with different Co content. The saturation 
magnetization (B) of films increases from 200 Gs to 5000 Gs, with the Co content 
increasing. When Co content is lower than 49 at.%, the films show good 
superpara-magnetic properties, with the B of 1500 Gs. These DLC-Co nano-composite 
films show both high resistivity and superpara-magnetic properties, which could be 
studied as magnetoresistance material in further research. When the Co content is 
higher than 80 at.%, the films show ferromagnetic property with high B of 5000 Gs. 
Considering the magnetic hysteresis loops of the films, the films exhibit ferromagnetic 
properties, which have potential for the high-frequency soft-magnetic properties. 

 
Figure 2 : Resistivity of DLC-Co nano-composite film. 

 

  
Figure 3 : Magnetization of DLC-Co nano-composite film. 

 
4. Summaries and future plans 

By controlling the gas flow rate, the Co content changes and the resistivity increases. 
The particles in DLC-magnetic metal nano-composite films can be controlled to several 
nm size. With deferent metal content, the films show good superpara-magnetic 
properties, and ferro-magnetic properties. These DLC-Co nano-composite films show 
both high resistivity and superpara-magnetic properties, which could be studied as 
magnetoresistance (MR) and dielectric response material in further research. 
 
5. Research results (* reprint included)  

1) Journal   Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc.  

*[1] Y. Zhang, H. Kosukegawa, H. Miki, T. Takagi: Magnetic and Electric Properties of 
Diamond Like Carbon-Magnetic Metal Nano-composite Films, Proc. of the 18th Int. 
Symposium on Advanced Fluid Information, Sendai, (2018), CRF-37, pp. 76-77. 
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1. Purpose of the project 

Purpose of the project in 2018 was adaptation and transferring developed 
technology from laboratory samples to the industrial detail and experimental study of 
properties of these coatings obtained under optimal technological regime of plasma 
electrolytic oxidation. 

 
2. Details of program implement 

During the third year of the project, the research was focused on adaptation 
and transferring the developed technology from laboratory samples to industrial details 
and experimental study of properties of coatings obtained under optimal technological 
regime of plasma electrolytic oxidation (PEO). Since the adaptation and transfer of 
technology to the industry is a complex process which usually requires additional 
experiment, the following approach was used for this aim: i) formation of coatings on the 
surface of industrial details using optimal solutions (to adapt them to industrial 
details); ii) studying structure, morphology, corrosion resistance, porosity, 
microhardness, wear resistance, and surface roughness of the coatings obtained under 
optimal technological regime of PEO on industrial details; and iii) development of a 
methodology for wear-resistant coating formation and apply it to industrial details 
made of the functional materials.  

A finite elements method which takes into account contact resistances, thermal 
expansion and thermoelectric effect was developed for numerical simulation of field 
assisted sintering of thermoelectric alloys. Distribution of electrical and thermal fields 
was analyzed numerically based on the experimental data collected by a spark plasma 
sintering instrument. For the case of Si-Ge alloy, quantitative estimate of the 
temperature distribution during the sintering pointed to a significant, up to 70 °C, 
temperature difference within the specimen volume for the case of sintering 
temperature 1150 °C. 
 
3. Achievements 

The main achievements can be summarized as follow. First, experiments revealed 
that the kinetic features of the coating formation, as well as a) tribological properties 
(microhardness, erosion resistance, surface roughness), b) structure and morphology, c) 
corrosion resistance, d) porosity, and e) adhesion of coatings to the substrate obtained 
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under optimal technological regime of plasma electrolytic oxidation on industrial 
detail are similar in all the samples studied. Second, transfer and adaptation of the 
methodology for wear-resistant coating formation from samples to the industrial details 
made successfully [Fig. 1]. Thus, a methodology for wear-resistant coating formation 
on industrial details made of the functional materials is developed. Beside, numerical 
simulation of field assisted sintering of thermoelectric alloys by a finite elements method 
which took into account contact resistances, thermal expansion and thermoelectric effect, 
was successfully performed. 
 

  
(a ) (b ) 

Figure 1:  Pictures of industrial details with wear-resistant coating formed in the 
electrolytes with various addition of salt of bivalent elements (a) 1-� JÃl-1 Co(NO3)2, (b) 

1-� JÃl-1 Cu(OH)2 into the base electrolyte. 
 
 
4. Summaries and future plans 

In summary, plasma electrolytic process method was developed for preparation of 
protective coatings of functional materials with a minimal thickness of the outer layer. 
Experimental sample of thermoelectric materials based on Fe-based Heusler 
alloys were prepared by Spark Plasma Sintering technique and their thermoelectric 
properties were evaluated. A finite elements method for numerical simulation of field 
assisted sintering of thermoelectric alloys was developed. 
 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

*[1] A. Tukmakova, A. Novotelnova, K. Samusevich, A. Usenko, D. Moskovskikh, A. 
Smirnov, E. Mirofyanchenko, T. Takagi, H. Miki and V. Khovaylo : Simulation of 
Field Assisted Sintering of Silicon Germanium Alloys, Materials, Vol. 12, (2019), 
570 (13 pages). 

2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[2] A. A. Gladkova, V. V. Khovaylo, A. G. Rakoch, N. A. Predein, H. Kosukegawa, H. 
Miki, T. Takagi : Methodology for Multifunctional Coating Formation by Plasma 
Electrolytic Oxidation, Proceedings of the 18th International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-40, pp. 82-83. 
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*[1] A. Tukmakova, A. Novotelnova, K. Samusevich, A. Usenko, D. Moskovskikh, A. 
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Field Assisted Sintering of Silicon Germanium Alloys, Materials, Vol. 12, (2019), 
570 (13 pages). 
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Electrolytic Oxidation, Proceedings of the 18th International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-40, pp. 82-83. 
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1. Purpose of the project 

Cold-spray process involves the acceleration of sub-millimetric particles though a 
convergent/divergent de Laval nozzle and its impact onto a substrate using a 
pressurized and pre-heated gas to form a coating. Under the influence of the gas, the 
particle is accelerated and heated-up. However, because of its strain rate and 
temperature dependences, and important viscoelastic behavior, the mechanical 
behavior of the particle evolves during its flight inside the nozzle. Thus, to improve 
polymer coating by cold-spray, it is needed to have an idea of the particle history 
(velocity and temperature) inside the nozzle until its impact onto the substrate. 
 
2. Details of program implement 

Under the supervision of Prof. Takana, a 2D plane nozzle was simulated by 
Ansys/FLUENT. It corresponds to the one used by Ravi et al. (2015). A single particle of 
Ultra-high molecular weight polyethylene was injected at the end of the 20 mm for the 
inlet and rapidly accelerates though the nozzle. Moreover because of the preheated gas, 
the particle heat-up. A parametric study was performed regarding the inlet gas pressure, 
inlet gas temperature and particle size.  

 
F i g u r e  1 :  a )  T h e r m a l  g r a d i e n t  o f  a  6 0  µ m  d i a m e t e r  p a r t i c l e  a f t e r  1  m s .  b )  T e m p e r a t u r e  p r o f i l e  o f  s e v e r a l  p a r t i c l e  
d i a m e t e r s  a t  t h e  n o z z l e  e x i t .   
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We showed that during cold-spray the polymer particle is submitted to important 
thermal gradient. Coupling the results obtained from Ansys/Fluent with Comsol 
Multiphysics, we developed a simple thermal model to investigate the temperature 
gradient inside the particle during the in-flight behavior of the particle. Thus, we 
showed that before its impact onto the substrate, its temperature is non-homogeneous: 
the surface temperature of the particle increases of 30 K while its core increases by 15 K 
for a 60 µm particle with inlet gas conditions of 0.4 MPa and 653 K as shown on Fig. 1. 
 
3. Achievements 

In this study, better understanding of the particle behavior during cold-spray is 
approached. We investigate the influence of the nozzle geometry, inlet gas pressure, 
inlet gas temperature and particle size. It appears that the nozzle geometry (continuous 
or discontinuous) affect the length of the supersonic flow, and so, the number of 
shockwaves. We also shown that, in the nozzle, polymeric particles are submitted to 
important thermal gradient which induces non-homogeneous heating of the particle. 
Moreover, the temperature increases of the particle is such that it is non-negligible for 
polymeric materials. This result is very important to improve polymer coating by 
cold-spray. 
 
4. Summaries and future plans 

During this year, we investigated polymer particles behavior during cold-spray process. 
The analysis performed here is a first step in the understanding of the evolution of the 
flow field and the particle history behavior during cold-spray. Two articles have been 
writing to report the findings made during this year. They will be submitted soon to 
international peer-review journals. 
For this year too, we applied for an IFS collaborative research project, in order to 
continue and go further in this study. First, the 2D nozzle simulation will be replaced by 
a 3D nozzle with the modelling of the powder feeder. Then, the particles will be injected 
directly in the powder feeder. The particles will get sucked in the nozzle by suction. 
Moreover, the polymer particles will be considered as (i) single particle, (ii) several 
particles and (iii) flow field with properties of the polymer. In addition, the thermal 
model developed under Comsol Multiplysics will be improved to add the convection 
effects to the conduction ones. 
 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

[1] C. A. Bernard, H. Takana, K. Ravi, O. Lame, K. Ogawa, J.-Y. Cavaillé : 
Investigation of the Flow Field Dynamics during Cold-Spray of Polymers, 
Proceedings of the 15th International Conference on Fluid Dynamics, Sendai, 
(2018), OS17-6/CRF-95, pp. 850-851. 

[2] C. A. Bernard, H. Takana, G. Diguet, K. Ravi, O. Lame, K. Ogawa, J.-Y. Cavaillé : 
In-flight behavior of polymeric particle during cold-spray process, ElyT Workshop 
2019, Naruko, March, (2019). 
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1. Purpose of the project 

Provide quantitative insight into mechanisms of formation and development of 
transient plasmas generated by high voltage, ns pulse duration electric discharges in 
air plasmas and in hydrogen flames. Such insight is critical to predictive analysis of 
plasma-assisted combustion applications. 

 
2. Details of program implement  

The results have been presented at 18th International Symposium on Advanced 
Fluid Information, Sendai, Japan, November 7-9, 2018: I.V. Adamovich, “Electric 
Field Measurements in Nanosecond Pulse Discharges in Air and in Hydrogen 
Flame”.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Left: horizontal electric field in a ns pulse, dielectric barrier discharge in a 
hydrogen flow below the flame during the positive polarity pulse, plotted together with 
pulse voltage and current waveforms. Hydrogen flow rate 1.5 slm, pulse repetition rate 
20 Hz, discharge gap d=4.5 mm. Right: electric field vector components in the plasma 
actuator at x=1 mm, y=0 during the negative polarity pulse. 
 
 
3. Achievements 

Time-resolved electric field is measured in ns pulse and AC sine wave dielectric 
barrier discharges sustained in an atmospheric pressure hydrogen diffusion flame, 
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using picosecond second harmonic generation. Electric field is measured in a ns pulse 
discharge sustained both in the hydrogen flow below the flame and in the reaction 
zone of the flame. Peak electric field in the reaction zone is lower compared to that in 
the near-room temperature hydrogen flow, due to a significantly lower number 
density. In hydrogen, most of the energy is coupled to the plasma at the reduced 
electric field of (�1 § ��-100 Td. In both cases, the electric field decreases to near 
zero after breakdown, due to plasma self-shielding. The time scale for the electric 
field reduction in the plasma is relatively long, several tens of ns, indicating that it 
may be controlled by a relatively slow propagation of the ionization wave over the 
dielectric surfaces. 
Electric field vector components in a nanosecond pulse, surface dielectric barrier 
discharge plasma actuator are measured by picosecond second harmonic generation, 
for positive, negative, and alternating polarity pulse trains. In all pulse trains, the 
measurement results demonstrate a significant electric field offset before the 
discharge pulse, due to the surface charge accumulation during previous discharges 
pulses. Peak electric field measured in the alternating polarity pulse train is lower 
compared to that in same polarity trains. However, the coupled pulse energy in the 
alternating polarity train is much higher, by a factor of 3-4, most likely due to the 
neutralization of the surface charge accumulated on the dielectric during the 
previous, opposite polarity pulses. This suggests that plasma surface actuators 
powered by alternating polarity pulse trains may generate higher amplitude thermal 
perturbations, producing a stronger effect on the flow field. 

 
4. Summaries and future plans 

The results demonstrate a significant potential of ps second harmonic generation 
diagnostics for non-intrusive measurements of the electric field in atmospheric 
pressure flames enhanced by electric discharge plasmas. Future work includes 
studies of flame stability during ns pulse discharge forcing and electric field 
measurements in atmospheric pressure plasma jets for applications in biology and 
medicine. 

 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

[1] I. V. Adamovich : Electric Field Measurements in Atmospheric Pressure Electric 
Discharges, Seminar at Tsinghua University, Beijing, China, June 13, (2018). 

[2] I. V. Adamovich : Electric Field Measurements in Atmospheric Pressure Plasmas 
and Flames By Ps Four-Wave Mixing and Ps Second Harmonic Generation, 
Seminar at Laboratoire de Physique des Plasmas, Ecole Polytechnique, October 4, 
(2018). 

*[3] M. Simeni Simeni, Y. Tang, K. Frederickson, H. Takana, H. Nishiyama and I. 
Adamovich : Electric Field Measurements in Nanosecond Pulse Discharges in Air 
and in Hydrogen Flame, Proceedings of the Eighteenth International Symposium 
on Advanced Fluid Information, Sendai, Japan, (2018), CRF-43, pp. 88-89. 
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⾲㠃ಟ㣭ࣀࢼ⢏Ꮚ/ ⁐፹⏺㠃ࡢぶᛶホ౯ࡣ࡚࠸ࡘ㸪ࣔࣝࢹ≀㉁࡛ࡀࡿ࠶ࡣ㸪⾲㠃ಟ㣭↓ᶵ

ᅛయ/ ⁐፹㛫ࡢ╔ࡢ⟬ฟࡽࡇࡓࡗ࡞⬟ྍࡀ㸪┠ᶆࡓ࠸࡚ࡋ P h a n t om -w a l l  m e t h od
 㸬ࡓࡁ㐩ᡂ࡛ࡣ㛤Ⓨࡢࣝࢹ╔⟬ฟࣔࡓ࠸⏝ࢆ

 
 ㄢ㢟ࡢᚋࡵࡲ .4

ࡓࡋ៖⪄ࢆ⏝స┦ࡿࡼಟ㣭᭷ᶵศᏊࡢ⢏Ꮚ⾲㠃ࣀࢼ C F D -D E M 㐃ᡂࣥࣙࢩ࣮࣑ࣞࣗࢩ

⢏Ꮚࣀࢼ⢏Ꮚศᩓ࣭จ㞟ᣲື㸪ࣀࢼࡿࡅ࠾ὶ୰᩿ࢇࡏࡢࣥࣙࢩࣥ࣌ࢫࢧ㸪㧗⃰ᗘࡋ⏝ࢆ

/ᅛࢆࣥࣙࢩ࣮࣑ࣞࣗࢩᮏࡣ㸬ᚋࡓࡋࡽ᫂ࢆὶື≉ᛶࡢࣥࣙࢩࣥ࣌ࢫࢧ Ẽ/ ᾮ୕┦᥋ゐ⥺

㏆ഐࡢὶయࡧࡼ࠾⢏Ꮚ㐠ືࡢゎᯒᒎ㛤ࡋ㸪ᐇ㦂ࡢẚ㍑ࢆ㏻࡚ࡋ㸪ࣀࢼ⢏Ꮚࣙࢩࣥ࣌ࢫࢧ

㸪ᅇࡓࡲ㸬ࡿࡍࡽ᫂ࢆヲ⣽ࡢᛶࢀ࡞ࢡࢵࣆࢥࢫࣟࢡ࣑ࡢࣥ M D ἲࡿࡼ⾲㠃ಟ㣭↓

ᶵᅛయ/ ⁐፹㛫ࡢ╔ࢆ⟬ฟྍ⬟ࣝࢹࣔ࡞㛤Ⓨࡀࡓࡗ⾜ࢆ㸪ᚋࡣ㸪↓ᶵᅛయࡸ⾲㠃ಟ㣭

᭷ᶵศᏊ㸪⁐፹ࢆኚ᭦ࡋ㸪ࡽࢀࡇᙳ㡪ᅉᏊ⾲㠃ಟ㣭ࣀࢼ⢏Ꮚ/ ⁐፹㛫ࡢぶᛶ㸦╔㸧

 㸬ࡿ࡞ㄢ㢟ࡀࡇࡿࡍࡽ᫂ࢆ㛵┦ࡢ
 
5. ◊✲ᡂᯝ㸦*  㸧ࡾ࠶別刷ࡣ
1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 
*[1] Shin Usune, Masaki Kubo, Takao Tsukada, Osamu Koike, Rei Tatsumi, Masahiro Fujita, 

Seiichi Takami, Tadafumi Adschiri㸸Numerical simulations of dispersion and aggregation 
behavior of surface-modified nanoparticles under shear flow, Powder Technology, Vol. 
343 (2019), pp. 113-121. 

[2] Shin Usune, Munehiro Ando, Masaki Kubo, Takao Tsukada, Ken-Ichi Sugioka, Osamu 
Koike, Rei Tatsumi, Masahiro Fujita, Seiichi Takami, Tadafumi Adschiri: Numerical 
Simulation of Dispersion and Aggregation Behavior of Surface-modified Nanoparticles in 
Organic Solvents, Journal of Chemical Engineering of Japan, Vol. 51 (2018), pp. 492-500. 

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 
*[3] Shin Usune, Masaki Kubo, Eita Shoji, Atsuki Komiya and Takao Tsukada: A study on 

flow characteristics of suspensions of surface-modified nano particles using numerical 
simulation, Proceedings of the 18th International Symposium on Advanced Fluid 
Information, Sendai, (2018), CRF-85, pp. 176-177. 
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2.2 MDἲࡿࡼ⾲㠃ಟ㣭ࣀࢼ⢏Ꮚ/⁐፹⏺㠃ࡢぶᛶホ౯ࣝࢹࣔࡢ㛤Ⓨ 
⾲㠃ಟ㣭ࣀࢼ⢏Ꮚ/ ⁐፹⣔ࡢ╔ࢆồࡿࡵᡭἲࢆࡇࡿࡍ❧☜ࢆ┠ⓗ࡚ࡋ㸪⾲㠃ಟ㣭

↓ᶵᅛయᖹ㠃/ ⁐፹⣔ᑐ࡚ࡋ㸪ศᏊືຊᏛࡓ࠸⏝ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ╔ࡢ⟬ฟᡭἲࡢ

ࡿ࠶࡛ࡘ୍ P h a n t om -w a l l  m e t h od 㓟ಟ㣭㔠ࣥ࢝ࢹ㸪࡚ࡋ㉁≀ࣝࢹࣔࡣ㸬ᅇࡓࡳヨࢆ⏝㐺ࡢ

ᖹ㠃Ỉࡢ╔ࡢ⟬ฟࡓࡗ⾜ࢆ㸬⟬ฟࡓࢀࡉ╔ࡣ㸪ࣥ࢝ࢹ㓟ᮍಟ㣭ࡢሙྜẚ

࡚ࡓࡋ♧ࢆ್࡞ࡁ㸬ᚋࡣ㸪⏦ㄳ⪅ࡢࡽᐇ㦂⣔ࡀ⾲㠃ಟ㣭㔠ᒓ㓟≀ࣀࢼ⢏Ꮚ࡛ࡇࡿ࠶

㔠ᒓ㓟≀㸦Aࢆ㸪↓ᶵᅛయࡋ៖⪄ࢆ l 2O 3 ኚ᭦㧗ศᏊࡸ᭷ᶵ⁐፹ࢆ፹⁐ࡓࡲ㸪㸧࡞

 㸬ࡿ࠶ㄢ㢟࡛ࡀࡇࡿࡵ㐍ࢆ⟭㸪ィࡋ
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

C F D -D E M 㐃ᡂࡾࡼࣥࣙࢩ࣮࣑ࣞࣗࢩ㸪᩿ࢇࡏὶ୰ࣀࢼࡿࡅ࠾⢏Ꮚࡢศᩓ࣭จ㞟ᣲື

ࡽ᫂ࢆᙳ㡪ࡢㅖᅉᏊࡢ➼ಟ㣭᭷ᶵศᏊࡍࡰཬὶື≧ែࡢࣥࣙࢩࣥ࣌ࢫࢧ⢏Ꮚࣀࢼࡧࡼ࠾
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ᶵᅛయ/ ⁐፹㛫ࡢ╔ࢆ⟬ฟྍ⬟ࣝࢹࣔ࡞㛤Ⓨࡀࡓࡗ⾜ࢆ㸪ᚋࡣ㸪↓ᶵᅛయࡸ⾲㠃ಟ㣭

᭷ᶵศᏊ㸪⁐፹ࢆኚ᭦ࡋ㸪ࡽࢀࡇᙳ㡪ᅉᏊ⾲㠃ಟ㣭ࣀࢼ⢏Ꮚ/ ⁐፹㛫ࡢぶᛶ㸦╔㸧
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㟁☢㉸㡢Ἴࡿࡼ㓄⟶ෆࡢ⭉㣗ࡢᐃ㔞 

Corrosion Characterization for Pipe Wall by Electromagnetic Ultrasound 
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1. ◊✲目ⓗ 

ཎᏊຊⓎ㟁ᡤෆࡢ㓄⟶ෆ㒊࡛ࡣὶయࡢᶵᲔⓗࡘᏛⓗస⏝ࡾࡼ⭉㣗ࡌ⏕ࡀ㸪ࡢࡑ㐍⾜

ࡢࡃከ࡛ࡲࢀࡇ࡚ࡋ㛵ฟ᳨ࡢடࡉཌࡢ⟶㓄≉ࡵࡓࡢࡇ㸬ࡿࡲ㧗ࡀࢡࢫ᩿ࣜ◚ࡢ⟶㓄ࡾࡼ

ሗ࿌ࡿ࠶ࡀ㸬ࡽࡀ࡞ࡋࡋ㸪㓄⟶ࡢ≧ែࡣཌࡉடࡃ࡞ࡣ࡛ࡢࡿࢀࡉ⾲࡛ࡳࡢ㸪ῶ⫗క࠺

㸪࡚࠼ຍࡉཌࡢ⟶㓄ࡣ࡛✲◊㸬ᮏࡿࡁᮇᚅ࡛ࡀ㧗ᗘࡢホ౯ࢡࢫ᩿ࣜ◚࡛ࡇࡿࡍฟ᳨ࡶែ≦ࡢ

ῶ⫗㒊ࡢᛶ≧㸪≉⢒ࢆࡉホ౯ࡿࡍ᪂࡞ࡓ᪉ἲࢆᥦࡿࡍ㸬⢒㠃ࡘࡶࢆヨ㦂యᥦࡿࡍ᪉ἲࢆ

㐺⏝ࡾࡼࡇࡿࡍ㸪ᥦ᪉ἲࡢ᭷⏝ᛶ᳨ࢆドࡿࡍ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

⢒㠃࡛ᑕࡓࡋ㉸㡢Ἴࡢᖜᖹ㠃࡛ᑕࡓࡋᖜܴࢀࡒࢀࡑࢆ㸪ܴࡢࡽࢀࡑࡿࡍ㛵ಀࡣ

ᘧ(1)࡛⾲ࡿࢀࡉ㸬 
ܴ = ܴ݁ି().    (1) 

㸪݂࡛ࡇࡇ 㸪ࢱ࣮࣓ࣛࣃࡢ᪉ྥࡉ㧗࡚ࡋᑐ⢒㠃ࡣ㸪݄ࡾ࠶ῶ⾶㛵ᩘ࡛ࡢᑕࡿࡅ࠾⢒㠃ࡣ(݄)

ᖹᆒᖹ᪉᰿㧗ࡍ⾲ࢆࡉ㸬㉸㡢Ἴࡣ⢒ࡉ௨እࡢࡢせᅉ㸪ࡤ࠼ఏᦙ㊥㞳㸪㓄⟶ᮦ㉁ࡢࡑࡸᚤ

⣽ᵓ㐀ࡶ࡚ࡗࡼ࡞ῶ⾶ࡿࡍ㸬ࡢࡽࢀࡑࡣ࡛ࡇࡇᙳ㡪ࡣィ ᑐ㇟ࡀኚ୍ࡶ࡚ࡗࢃᐃࡋ㸪㉸㡢

Ἴධᑕᚋ㸪⢒㠃࡛ 1 ᅇࡢᑕࢆ⤒᳨࡚ฟࡿࡍᑕἼ 2 ᅇࡢᑕࢆ⤒᳨࡚ฟࡿࡍᑕἼࡢᖜࢆ

 㸬ࡿ࠼⪄ࢆ㛵ಀࡢ⾶ῶࡉ⢒࡚࠸࡙ࡶᘧ(2)ࡓࡋ㝖ཤࢆ㡯ࡢ௨እࡉ㸪⢒࡚࠸⏝

ߚ = lnቌ
ೃమ

ೃభೞ

ೃబ
మ

ೃబ
భೞ

ቍ =  −݂(݄).   (2) 

ࢀࡒࢀࡑ⢒㠃࡛ࡣଶௗܴଵ௦௧ܴ࡛ࡇࡇ 1 ᅇ㸪2 ᅇᑕࡓࡋ㉸㡢Ἴࡢᖜ㸪ܴଵ௦௧ܴଶௗࡣᖹ㠃࡛ࡢ 1
ᅇ㸪2 ᅇᑕࡓࡋሙྜࡢᖜࡍ⾲ࢆ㸬 
ヨ㦂యࢆᑐ㇟࡚ࡋ㸪ᑕࡓࡋ㉸㡢Ἴࡢᖜࢆィ ࡓࡋ㸬ヨ㦂యࡢ≦⥺ࡣᶍᨃ⭉㣗ࢆຍᕤࡓࡋ

┤᪉య࡛ࡾ࠶㸪ᮦᩱࡣⅣ⣲㗰࡛ࡿ࠶㸬ᑍἲࡣཌࡀࡉ 20 mm㸪ᶍᨃ⭉㣗ࡿ࠶ࡢ㠃ࡢࡑࡧࡼ࠾ᑐ㠃ࡣ

40×40 mm2࡛ࡿ࠶㸬ィ 10 ಶࡢヨ㦂య࠸⏝ࢆ㸪ࡕ࠺ࡢࡑ 1 ಶࡣ⢒࠸࡞ࡢࡉ㠃࡚࠸࠾ᑕࡓࡋ

㉸㡢Ἴࢆᚓࡵࡓࡿᶍᨃ⭉㣗ࢆຍᕤࡎࡏ㸪ࡢ 9 ಶࡢヨ㦂యࡿ࡞␗ࡢࡉ῝ࡸࢳࢵࣆࡣᶍᨃ⭉㣗

ࡽࡉ㸬ࡓࡋຍᕤࢆ 1 ࢆヨ㦂యࡢࡘ 3 ᙧ≧ ᐃჾ࡛ィࢆ݄ࡉ⢒ࡿࡅ࠾㸪ྛ㡿ᇦࡅศ㡿ᇦࡢࡘ

 Shear horizontal⏝㸬Longitudinal wave㸦௨ୗ㸪L wave㸧ࡓࡋỴᐃࡾࡼࣝࣇࣟࣉࡓࡋ 
wave㸦௨ୗ㸪SH wave㸧⏝ࡢ㉸㡢Ἴ᥈ゐᏊ࡚࠸⏝ࢆ㸪ྛ ヨ㦂యࡢ⢒࠸࡞ࡢࡉ㠃ࡽ㉸㡢Ἴࢆఏ

ࡢࡽࢀࡑ㸪ࡏࡉ 1 ᅇ 2 ᅇࡢᑕᚋࡢ㉸㡢Ἴࡢᖜࢆィ ࡓࡋ㸬L wave SH wave ࿘Ἴᩘࡢ

ㄢ㢟␒  ྕ J18I066 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 
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㏿ᗘࡣ㸪ࢀࡒࢀࡑ 4.9 MHz  5610 m/s㸪4.0 MHz  3239 m/s  㸬ࡓࡗ࠶࡛
L wave SH wave ᅗࢀࡒࢀࡑࢆᐇ㦂⤖ᯝࡢ 1(a)(b)ࡍ♧㸬⦪㍈ࡣῶ⾶㛵ᩘ┦ᙜࡋ㸪ᶓ㍈

ᯝ⤖ࡿ࡞ࡃࡁࡀ⾶ῶ࡚ࢀࡘࡿ࡞ࡃࡁࡀ݄ࡀࡉ㸪⢒ࡶ࡚࠸࠾ᯝ⤖ࡢࢀࡎ࠸㸬ࡿ࠶࡛݄ࡉ⢒ࡣ

ࡓࡌῶࢆᖜࡕࢃ࡞ࡍᙉᗘ㸪ࡢ㸪ᑕἼࡾ࡞ࡃࡁࡀᩓࡢ㉸㡢Ἴ㠃࠸⢒ࡣࢀࡇ㸬ࡓࡗ࡞

㸬ᅗࡿࢀࡽ࠼⪄ 1(a)(b)ࡣ㸪⢒ࢆ݄ࡉㄝ᫂ኚᩘࡓࡋᅇᖐศᯒࡓࡗ⾜ࢆ⤖ᯝࡓࡋ♧ࡶ㸬ࡢࡑ

⤖ᯝ㸪L wave SH wave ଶ㸪݄݄ࢀࡒࢀࡑ㸪࡚࠸ࡘ + ݄ଶ᭱ࡀᑠㄗᕪࣝࢹࣔࡿ࡞ᘧ࡛ࡓࡗ࠶㸬

ືࡢ᪉ྥࡿ࡞␗ࡢL wave SH wave  㸬ࡓࡁㄆ࡛☜ࢆࡇࡿ࠶ࡀഴྥࡌྠ࡚࠸࠾

  
(a) L wave (b) SH wave 

ᅗ 1㸸ᐇ㦂⤖ᯝᅇᖐศᯒࡿࡼ⤖ᯝ 
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*[1] H. Nakamoto, P. Guy and T. Takagi: Corrosion Induced Roughness Characterization by 
Ultrasonic Attenuation Measurement, Proceedings of 4th International Conference on 
Maintenance Science and Technology, Sendai, (2018), 2-3.pdf. 

*[2] H. Nakamoto, P. Guy and T. Takagi: Corrosion Characterization for Pipe Wall by 
Ultrasound Reflection, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-31, pp. 60-61. 

[3] ୰ᮏ⿱அ, GUY, Philippe, 㧗ᮌᩄ⾜: 㓄⟶᳨ᰝࡢࡵࡓࡢ⢒㠃ࡿࡅ࠾ᑕࡢᩓࡿࡼ㉸

㡢Ἴῶ⾶ࡢᙳ㡪, ➨ 27 ᅇMAGDA  .ㅮ₇ㄽᩥ㞟, ᮾி, (2018), pp. 132-133ࢫࣥࣞࣇࣥࢥ
[4] P. Guy, B. Normand, H. Nakamoto, T. Takagi and D. Mallick: Recent advances in 

PYRAMID project : EMAT experimental results for corrosion characterization, Abstract 
book of ELyT Workshop 2019, Osaki, (2019), pp. 78-81. 
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㏿ᗘࡣ㸪ࢀࡒࢀࡑ 4.9 MHz  5610 m/s㸪4.0 MHz  3239 m/s  㸬ࡓࡗ࠶࡛
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ᯝ⤖ࡿ࡞ࡃࡁࡀ⾶ῶ࡚ࢀࡘࡿ࡞ࡃࡁࡀ݄ࡀࡉ㸪⢒ࡶ࡚࠸࠾ᯝ⤖ࡢࢀࡎ࠸㸬ࡿ࠶࡛݄ࡉ⢒ࡣ

ࡓࡌῶࢆᖜࡕࢃ࡞ࡍᙉᗘ㸪ࡢ㸪ᑕἼࡾ࡞ࡃࡁࡀᩓࡢ㉸㡢Ἴ㠃࠸⢒ࡣࢀࡇ㸬ࡓࡗ࡞

㸬ᅗࡿࢀࡽ࠼⪄ 1(a)(b)ࡣ㸪⢒ࢆ݄ࡉㄝ᫂ኚᩘࡓࡋᅇᖐศᯒࡓࡗ⾜ࢆ⤖ᯝࡓࡋ♧ࡶ㸬ࡢࡑ

⤖ᯝ㸪L wave SH wave ଶ㸪݄݄ࢀࡒࢀࡑ㸪࡚࠸ࡘ + ݄ଶ᭱ࡀᑠㄗᕪࣝࢹࣔࡿ࡞ᘧ࡛ࡓࡗ࠶㸬

ືࡢ᪉ྥࡿ࡞␗ࡢL wave SH wave  㸬ࡓࡁㄆ࡛☜ࢆࡇࡿ࠶ࡀഴྥࡌྠ࡚࠸࠾
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*[1] H. Nakamoto, P. Guy and T. Takagi: Corrosion Induced Roughness Characterization by 
Ultrasonic Attenuation Measurement, Proceedings of 4th International Conference on 
Maintenance Science and Technology, Sendai, (2018), 2-3.pdf. 

*[2] H. Nakamoto, P. Guy and T. Takagi: Corrosion Characterization for Pipe Wall by 
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[4] P. Guy, B. Normand, H. Nakamoto, T. Takagi and D. Mallick: Recent advances in 
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 ✲◊ࡿࡍ㛵ᶵ⬟ᛶྥୖࡢࢡࢵࢳࢫࣛࣉⅣ⣲⧄⥔ᙉࡓࡏࡉศᩓẕᮦࢆ⢏Ꮚࣀࢼ

A Study on the Functionality Improvement of Nanoparticulate-Filled Carbon Fiber 

Reinforced Plastic 
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1. ◊✲目ⓗ 

Ⅳ⣲⧄⥔ᙉࢡࢵࢳࢫࣛࣉ㸦CFRP㸧ࡣ㸪㍍㔞࡛ࡽࡀ࡞ࡾ࠶㔠ᒓ༉ᩛࡿࡍᶵᲔⓗᛶ㉁ࢆᣢࡕ㸪

ᵝ࡞ࠎ⏘ᴗศ㔝ᛂ⏝ࡿ࠸࡚ࢀࡉ㸬CFRP ᛶ◳⇕㸪⇕ྍረᛶࡣࢡࢵࢳࢫࣛࣉࡿ࡞ẕᮦࡢ

ูࡿࢀࡉ㸬 Ᏹᐂࣟࡸࢺࢵࢣ⯟✵ᶵࡣ㸪㐣㓞ື࡞స⎔ቃࡿࢀࡽ࠼⪏⇕◳ᛶࡀࢡࢵࢳࢫࣛࣉ

⏝ࡿ࠸࡚ࢀࡉ㸬 ⇞ᩱ⤒῭ᛶࡢほⅬࡽ㸪ࡢࡽࢀࡇ㒊ᮦࡅࡔࡿࡁ࡛ࡣ㍍㔞࡛ࡀࡇࡿ࠶ᮃࡃࡋࡲ㸪

ẚᙉᗘ࣭ẚ๛ᛶࡢ᭦ࡀୖྥࡿ࡞ồࡿ࠸࡚ࢀࡽࡵ㸬㏆ᖺ㸪⧄⥔ᙉࡢࢬࢧࣀࢼࢡࢵࢳࢫࣛࣉᚤ

⢏Ꮚࢆศᩓࡓࡏࡉ」ྜᮦᩱࡢᶵᲔⓗ≉ᛶ㛵ࡿ࠸࡚ࢀࢃ⾜ࡀ✲◊ࡿࡍ㸬ࡣࢀࡇ㸪⧄⥔౫Ꮡ࡞ࡋ

✲◊ࡢ㸬௨๓ࡿ࠸࡚ࢀࡉᥦ࡚ࡋ⾡ᢏࡿࡍᨵⰋࢆᶵᲔⓗ≉ᛶࡢࢡࢵࢳࢫࣛࣉ᪉ἲ࡛⧄⥔ᙉ࠸

 㸬࠸࡞ࡋ౫Ꮡᛶ◳⇕ࡧࡼ࠾ረᛶྍ⇕ࡢࢫࢡࢵࣜࢺ࣐ࡣຠᯝࡢࡽࢀࡇ㸪ࡤࢀࡼ
ࢆᶵᲔⓗ≉ᛶࡢࢡࢵࢳࢫࣛࣉ㸪⧄⥔ᙉࡣ⾡ᢏࡿࡏࡉศᩓẕᮦࢆ⢏Ꮚࣀࢼ࠺ࡼࡢࡇ㸪ࡓࡲ

㸬ຍࡿࢀࡉ⏝ࡶ㏵⏝ࡿࡍࢆᶵ⬟ᛶࡢ࡞ⓗ≉ᛶ⇕ࡸ㸪㟁☢ⓗ≉ᛶࡎࡽ࡞ࡳࡢࡿࡏࡉୖྥ

㸪ࡏࡉ᪼ୖࢆ⋠☢ẚ㏱ࡢCFRP࡚ࡗࡼࡇࡿࡏࡉศᩓẕᮦࡢCFRPࢆ⢏Ꮚࣀࢼ㸪☢ᛶࡣࡽ⸩

㠀◚ቯ᳨ᰝᢏ⾡ࡿ࠶࡛ࡘ୍ࡢ 㟁ὶヨ㦂ࡿࡅ࠾Ḟ㝗᳨ฟᛶࡓࡋ♧ࢆࡇࡿࡍୖྥࡀ(R. Kato, 
et al., Proceedings of ICFD2016, (2016) 698-699)㸬 
ᮏ◊✲࡛࡛ࡲࢀࡇࡣ CFRP ୰ࡢࢬࢧࣀࢼᚤ⢏ᏊࢆศᩓࡿࡼࡇࡿࡏࡉຊᏛⓗ≉ᛶࡢ

ศẕᮦࢆ⢏Ꮚࣀࢼ㸪☢ᛶࡣ㸬ᖺᗘ࡛ࡓࡁ࡚ࡋࡽ᫂㸪ᐇ㦂ⓗࡋᵓ⠏ࢆㄽ⌮ࡿࡍ㛵ୖྥ

ᩓ࡚ࡗࡼࡇࡿࡏࡉᚓࡿࢀࡽᶵ⬟ᛶCFRP  㸬ࡓࡳヨࡁᇶ࡙㸪ୖグᡂᯝࢆホ౯ࡢຊᏛⓗ≉ᛶࡢ
 
2. ◊✲ᡂᯝࡢෆᐜ 

◊㧗⣧ᗘᏛࠊ⢏Ꮚ(FEO07PBࣀࢼᛶ☢ࡿࡅ࠾ᶞ⬡୰ࢩ࣏࢚࡚࢟࠸⏝ࢆ㸪ືⓗගᩓἲࡎࡲ

✲ᡤ)ࡢจ㞟ࢆホ౯ࡓࡋ㸬ᚤ㔞ࡢ☢ᛶࣀࢼ⢏Ꮚࢆィ ࣝࢭ୰ࢩ࣏࢚࢟ࡢ◳(TB2131D㸪(ᰴ)ࢫ
㸬TB2131Dࡓࡏࡉᣑᩓᆒ୍࡚࠸⏝ࢆ㸪㉸㡢Ἴ࠼ຍ(ࢻ࣮ࣥ࣎ࣜ 㸪25Υࡾ࠶ప⢓ᗘ◳࡛ࡣ
ࡣ⢓ᗘࡿࡅ࠾ ��� 3a�s ᐃ ࡢ(ELSZ-2000ZS㸪ሯ㟁Ꮚ(ᰴ))࣒ࢸࢫࢩ⢏ᚄ ᐃࢆࣝࢭ㸬ࡿ࠶࡛

ᐊタ⨨ࡋ㸪10 ศẖ◳୰ࣀࢼࡿࡅ࠾⢏Ꮚࡢ⢏ᚄࡢኚࢆィ ࡓࡋ㸬 
5 wt%ࡢ☢ᛶࣀࢼ⢏Ꮚࢆ⮬㌿බ㌿࡚࠸⏝ࢆࢧ࣑࢟ 2 ᾮΰྜ⣔ࢩ࣏࢚࢟ᶞ⬡ᾮ

(TB2023/TB2131D㸪(ᰴ)ࢻ࣮ࣥ࣎ࣜࢫ)ศᩓࡏࡉ㸪୍᪉ྥⅣ⣲⧄⥔⧊≀(UT70-60S㸪ᮾࣞ(ᰴ))
ࣉࡢࡇ㸬ࡓࡋ࣒࣮࢛ࣇࣜࣉ㸪ࡏࡉᾐྵ࡚࠸⏝ࢆᶞ⬡ྵᾐἲ✵┿ᒙయ✚ࡓࡋᵓᡂࡢ[0/90/0]ࢆ

ຍ⇕⅔ෆ࡛ࢆ࣒࣮࢛ࣇࣜ 100Υ㸪2 㛫ຍ⇕ࡋ㸪☢ᛶࢆ᭷ࡿࡍ CFRP(௨ୗ㸪MagCFRP)ࢆᚓࡓ㸬

ẚ㍑ࡵࡓࡢ㸪☢ᛶࣀࢼ⢏Ꮚ࠸࡞ࡲྵࢆCFRP(௨ୗ㸪NeatCFRP)ࡶస〇ࡓࡋ㸬ᚓࡓࢀࡽᯈᮦࢆ 100 
× 15 mm2ࡢ▴ᙧࢺ࣓ࣥࢢࢭษࡾฟࡋ㸪᭤ࡆヨ㦂∦ࡓࡋ㸬᭤ࡆヨ㦂ࡣ㸪JIS K7074 ࡁᇶ࡙

ヨ㦂㏿ᗘ 5 mm/min 㸪Neat CFRPࡓࡲ㸬ࡓࡵồࢆ⋠ᙎᛶࡆ㸪᭤࠸⾜࡛ MagCFRP ᙎᛶࡆ᭤ࡢ

ㄢ㢟␒  ྕ J18I067 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 3 ᖺ┠ 

－ 109 －



 ,ㄽᘧ(T. Takayama, et al., Proceedings of AFI2017, (2017)⌮ࡓࡋᥦࡀࡽ⪅㸪ⴭࢆㄽ್⌮ࡢ⋠
GPa㸪 142ࢆ⋠ࢢࣥࣖࡣᛶ≀ࡢ⢏Ꮚࣀࢼᛶ☢ࡓࡋ⏝⟭ㄽィ⌮࡛ࡇࡇ㸬ࡓࡵồ࡚࠸⏝ࢆ(116-117
ࢆẚࣥࢯ࣏ 0.33 ྵ✚యࡢ⥔⧅㸪Ⅳ⣲(㗰, 69(7) (1983), 739-745ὸ⏣ ᐇ, ᳃ ᗣ⏨, 㕲)ࡋ

᭷⋡ࡣNeat CFRP ࡀሙྜࡢ 50.7 vol.%㸪MagCFRP ࡀሙྜࡢ 39.7 vol.%࡛ࡓࡋࡿ࠶㸬 
ືⓗගᩓἲࡾࡼ㸪ࢩ࣏࢚࢟◳୰ࡿࡅ࠾☢ᛶࣀࢼ⢏Ꮚࡢ⢏ᚄࡣ 480 nm 㛫⤒㐣ࡽ

ࡽ㸪 ᐃ㛤ጞᚋࡋ᪼ୖࡶ 80 ศᚋ 800 nm 㸪ࡣࢀࡇ㸬ࡓࢀࡉㄆ☜ࡀࡇࡿࡍ᪼ୖ࡛ࡲ

㸬ᅗࡿ࠸࡚ࡋ⾲ࢆࡇࡴ㐍ࡀจ㞟ࡢ⢏Ꮚࣀࢼᛶ☢ࡣᶞ⬡ᾮෆ࡛ࢩ࣏࢚࢟ 1 ࡣ NeatCFRP 

MagCFRP CFRPࡓࡏࡉศᩓࢆ⢏Ꮚࣀࢼ㸬☢ᛶࡿ࠶ㄽ್࡛⌮ᐇ㦂್ࡢ⋠ᙎᛶࡆ᭤ࡢ ⢏ࣀࢼ㸪ࡣ

Ꮚࢆຍ࠸࡞࠼CFRP ⢏Ꮚࣀࢼ࡚࠸࠾ẕᮦ୰ࡣࢀࡇ㸬ࡿࢃࡀࡇࡿࡍపୗࡀ⋠ᙎᛶࡆ᭤ࡶࡾࡼ

ࡋపୗࡀ⋠㸪ሁ✚ྵ᭷ࡾࡀᗈࡀࣉࢵࣕࢠࡢ⥔⧅Ⅳ⣲ࡿࡍ㞄᥋ࡵࡓࡓࡗ࡞ࡃࡁࡀ⢏ᚄࡋจ㞟ࡀ

㸪MagCFRPࡓࡲ㸬ࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡵࡓࡓ ࡆ㸪᭤࡛ࡇࡿࢀධ៖⪄ࢆపୗࡢ⋠య✚ྵ᭷ࡢ

ᙎᛶ⋡ࡢ⌮ㄽ್ࡣᐇ㦂್ࡃࡼࢆ⌧࡛ࡽࡇࡿ࠸࡚ࡁ㸪ⴭ⪅ࡀࡽᥦࡓࡋ⌮ㄽࣀࢼࡣ⢏Ꮚࡀจ

㞟ࡿࡍ⣔ᑐࡶ࡚ࡋ᭷ຠ࡛ࡿࢃࡀࡇࡿ࠶㸬 

 
ᅗ 1㸸Neat CFRP MagCFRPࡢ᭤ࡆᙎᛶ⋡ 

 

3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

⢏Ꮚྵ᭷ࣀࢼᛶ☢ࡓࡋࢆᶵ⬟ᛶ࡛ࡇࡿࢀධ៖⪄ࢆจ㞟ຠᯝࡢ⢏Ꮚࣀࢼ CFRP ຊᏛࡢ

ⓗ≉ᛶࢆ⌮ㄽⓗㄝ᫂ࡇࡿࡍᡂຌࡓࡋ㸬ࡾࡼࢀࡇ㸪┠ᶆ࡛ࠕࡿ࠶ᶵ⬟ᛶ࡞ࡋ⬟ྍࢆ
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 ,ㄽᘧ(T. Takayama, et al., Proceedings of AFI2017, (2017)⌮ࡓࡋᥦࡀࡽ⪅㸪ⴭࢆㄽ್⌮ࡢ⋠
GPa㸪 142ࢆ⋠ࢢࣥࣖࡣᛶ≀ࡢ⢏Ꮚࣀࢼᛶ☢ࡓࡋ⏝⟭ㄽィ⌮࡛ࡇࡇ㸬ࡓࡵồ࡚࠸⏝ࢆ(116-117
ࢆẚࣥࢯ࣏ 0.33 ྵ✚యࡢ⥔⧅㸪Ⅳ⣲(㗰, 69(7) (1983), 739-745ὸ⏣ ᐇ, ᳃ ᗣ⏨, 㕲)ࡋ

᭷⋡ࡣNeat CFRP ࡀሙྜࡢ 50.7 vol.%㸪MagCFRP ࡀሙྜࡢ 39.7 vol.%࡛ࡓࡋࡿ࠶㸬 
ືⓗගᩓἲࡾࡼ㸪ࢩ࣏࢚࢟◳୰ࡿࡅ࠾☢ᛶࣀࢼ⢏Ꮚࡢ⢏ᚄࡣ 480 nm 㛫⤒㐣ࡽ

ࡽ㸪 ᐃ㛤ጞᚋࡋ᪼ୖࡶ 80 ศᚋ 800 nm 㸪ࡣࢀࡇ㸬ࡓࢀࡉㄆ☜ࡀࡇࡿࡍ᪼ୖ࡛ࡲ

㸬ᅗࡿ࠸࡚ࡋ⾲ࢆࡇࡴ㐍ࡀจ㞟ࡢ⢏Ꮚࣀࢼᛶ☢ࡣᶞ⬡ᾮෆ࡛ࢩ࣏࢚࢟ 1 ࡣ NeatCFRP 

MagCFRP CFRPࡓࡏࡉศᩓࢆ⢏Ꮚࣀࢼ㸬☢ᛶࡿ࠶ㄽ್࡛⌮ᐇ㦂್ࡢ⋠ᙎᛶࡆ᭤ࡢ ⢏ࣀࢼ㸪ࡣ

Ꮚࢆຍ࠸࡞࠼CFRP ⢏Ꮚࣀࢼ࡚࠸࠾ẕᮦ୰ࡣࢀࡇ㸬ࡿࢃࡀࡇࡿࡍపୗࡀ⋠ᙎᛶࡆ᭤ࡶࡾࡼ

ࡋపୗࡀ⋠㸪ሁ✚ྵ᭷ࡾࡀᗈࡀࣉࢵࣕࢠࡢ⥔⧅Ⅳ⣲ࡿࡍ㞄᥋ࡵࡓࡓࡗ࡞ࡃࡁࡀ⢏ᚄࡋจ㞟ࡀ

㸪MagCFRPࡓࡲ㸬ࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡵࡓࡓ ࡆ㸪᭤࡛ࡇࡿࢀධ៖⪄ࢆపୗࡢ⋠య✚ྵ᭷ࡢ

ᙎᛶ⋡ࡢ⌮ㄽ್ࡣᐇ㦂್ࡃࡼࢆ⌧࡛ࡽࡇࡿ࠸࡚ࡁ㸪ⴭ⪅ࡀࡽᥦࡓࡋ⌮ㄽࣀࢼࡣ⢏Ꮚࡀจ

㞟ࡿࡍ⣔ᑐࡶ࡚ࡋ᭷ຠ࡛ࡿࢃࡀࡇࡿ࠶㸬 

 
ᅗ 1㸸Neat CFRP MagCFRPࡢ᭤ࡆᙎᛶ⋡ 
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Ỉ୰ࡢ࣐࣮ࣜࢺࢫ㛤ጞ࣭㐍ᒎᶵᵓ 

Mechanism of Inception and Propagation of Underwater Streamer 

  

బ⸨ ᓅᙪ*†㸪㔠⃝ ㄔྖ**††㸪㔠Ꮚ ಇ㑻*** 
㇂ Ύఙ*㸪ᑠᐑ ᩔᶞ*㸪୰ᔱ ᬛᶞ* 

*ᮾᏛὶయ⛉Ꮫ◊✲ᡤ㸪**ศᏛ⌮ᕤᏛ㒊㸪***ᮾᏛᏛ㝔ᕤᏛ◊✲⛉ 
†⏦ㄳ⪅㸪††ᡤእᑐᛂ◊✲⪅ 

 

1. ◊✲目ⓗ 

Ỉ୰࣐ࢬࣛࣉὶࡿࡅ࠾ᨺ㟁⌧㇟ࡣ㸪┦ኚࡸ⇕ὶືሙ㸪㟁ሙ㸪Ꮫᛂሙࡀ㇟⌧ࡴྵࢆ

㔜␚ࡿࡍ」㞧ὶືሙࢆᙧᡂࡿ࠸࡚ࡋ㸬≉㸪ᨺ㟁ᙧែࡀ࣐࣮ࣜࢺࢫࡿ࠶࡛ࡘ୍ࡢ㸪Ỉ୰ࢆ

ࡢ࡛ࡲࡢࡽ⪅㸪⏦ㄳࡾ࠶ࡀẼἻ㐍ᒎ⌮ㄽ㸪㟁㞳㐍ᒎ⌮ㄽࡣ࡚࠸ࡘࡿࡍ㐍ᒎ࠺ࡼࡢ

ࡋ㸬ࡿ࠸࡚ࢀࡽᚓࡀᯝ⤖ࡿࡍ၀♧ࢆ㟁㞳㐍ᒎᶵᵓࡣ࡚࠸࠾࣐࣮ࣜࢺࢫṇᴟᛶࡾࡼ✲◊

ࡇࡿ࠶㸪㟁㞳㐍ᒎᶵᵓ࡛ࡾ࠶ᮍゎ࡛᫂ࡣ࡚࠸ࡘᣲືࡢ㟁Ⲵࡿࡍື⛣㏿㧗ࢆ㸪Ỉ୰ࡽࡀ࡞ࡋ

ⓗ┠ࢆࡇࡿࡍࡽ࡚᫂࠸ࡘ㟁Ⲵ⛣ືᶵᵓࡣ࡛✲◊㸪ᮏ࡛ࡇࡑ㸬࠸࡞࠸࡚ࡁᐃ࡛☜ࢆ

 㸬ࡿࡍ
 
2. ◊✲ᡂᯝࡢෆᐜ 

 ᮏᖺᗘࡣ㸪ᖹᡂ 29ᖺᗘᙳࡓࡋỈ୰㈇ࡢ࣐࣮ࣜࢺࢫ㐍ᒎక࠸Ⓨ⏕ࡿࡍᅽຊἼࡢゎᯒࢆ

㸬ᅗࡓࡗ⾜ 1 (a) t = 200 nsほᐹࡓࢀࡉᅽຊἼࡢἼ㠃ࡢࡑⓎ⏕※ࢆグࡓࡋ⤖ᯝࡍ♧ࢆ㸬

㯤Ⰽ࠸ࡀᅽຊἼࡢἼ㠃㸪㉥ࢶࣂ࠸༳ࡀᅽຊἼࡢⓎ⏕※࡛ࡿ࠶㸬ࡢࡇゎᯒࡣ㸪ᅽຊἼࡢἼ㠃

㸬4ࡓࡋฟ⟭ࢆⓎ⏕※㸧ࡢ୰ᚰ⨨㸦Ἴࡢࡑ࡛ࡇࡿࡵᐃࢆ ࡑࡵࡓࡓࢀࡉ㆑ูࡀᅽຊἼࡢࡘ

ࢆᚄ༙Ⓨ⏕㡰ࡢ R1 – R4ࡋ㸪Ⓨ⏕※ࢆ C1 – C4 ࡢࡶ࠸㏆㔪㟁ᴟࡀ※⏕㸬Ⓨࡓࡋ⾲࡛

ࡇࡿ࠸࡚ࢀࡉᡂ⏕ࡀᅽຊἼ࠸ᚑ㐍ᒎࡢ࣐࣮ࣜࢺࢫ㸪ࡽࡇ࠸ࡁࡀᚄ༙ࡢᅽຊἼ㠃

㸬ᅗࡓࢀࡉ♧ࡀ 1(b)ᚓࡓࢀࡽἼࡢⓎ⏕※ࢆ t = 25 ns ࡽ t = 100 ns ࢵࣟࣉୖ┿ࡢ

㸬ᅗࡿ࠸࡚ࢀࡉ♧ࡀࡇࡿࡍ⨨➃ඛࡢ࣐࣮ࣜࢺࢫ㸬ࡍ♧ࢆᯝ⤖ࡓࡋࢺ 1 (c) ᅗ 1(a)

ㄢ㢟␒  ྕ J18I068 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 

200 ȝm

C 1 C 2

C 3
C 4

R1

R2

R3

R4

( 2 )  2 5  n s ( 3 )  5 0  n s

2 0 0  ʅ m

C 1 C 2

( 4 )  7 5  n s ( 5 )  1 0 0  n s

C 3 C 4

S t r e a m e r

C 1 :  T =  2 7  n s
C 2 :  4 5  n s

C 3 :  6 8  n s
C 4 :  1 0 2  n s

C 5 :  1 4 8  n s

C 6

C 7 :  1 8 9  n s

C 8

1 5 7  n s

1 9 9  n s

O r i g i n  o f  p r e s s u r e  w a v e
E l e c t r o d e

5 0  ʅm

(a) (b) (c) 

F i g . 1. (a ) W a v e f r on t s  l i n e d  i n  y e l l ow  a n d  or i g i n s  of  t h e  pr e s s u r e  w a v e s  m a r k e d  i n  r e d . (b ) P h ot og r a ph s  
f r om  t  =  25  n s  t o t  =  100 n s  w i t h  pl ot t e d  or i g i n s  of  pr e s s u r e  w a v e s . (c ) S e q u e n c e  of  or i g i n s  of  pr e s s u r e  
w a v e s  a n d  t h e i r  oc c u r r e n c e  t i m e  a s  c a l c u l a t e d . 
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ࡇࡿ࠼ኚࢆ㐍ᒎ᪉ྥᗘࡿࡍṆࡓࡲ㸪ࡋ㏉ࡾ⧞ࢆṆ㐍ᒎ㛫ẖ࠸▷ࡘ㛫࠸▷࡚

ࡢࡽࢀࡇ㸬ࡓࡋ♧ࢆࡇࡿ࠶ࡀ㛫ᕪ࡚࠸࠾ศᒱ࣐࣮ࣜࢺࢫ㸪ࡽࡉ㸬ࡓࡋࡽ᫂ࢆ

ᡂᯝࡣ㸪ୡ⏺ึࡢ㔜せ࡞▱ぢ࡛ࡾ࠶㸪J. Appl. Phys. ࡢᥖ㍕㸪ᅜ㝿Ꮫࡿࡅ࠾ᣍᚅㅮ

 㸬ࡿ࠸࡚ࡋ㐩ᡂࢆᶆ┠ࡢ㸪ᮏᖺᗘࡵࡓࡓฟ᮶ࡀࡇ࠺⾜ࢆሗⓎಙࡢ࡞₇
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 の解࣒᫂ࢬࢽ࣓࢝⛣Ᏻᐃ⌧㇟の㑄ࣥࣙࢩーࢸࣅࣕ࢟ 

ClariIication oI the 7ransition 0echanism oI Cavitation ,nstaEilities 

  

ጧ 東㉪*†，ఀ㈡ ⏤㤶**††，⬌ ⋸** 
*ᇸ⋢大学工学㒊機Ე工学科，**東北大学流体科学研究所 

†申請者，††所内対応教員 

 

1. 研究目的 

ンᏳࣙࢩーࢸࣅࣕ࢟なࠎを高速回㌿，低流量，低྾㎸み圧力の状態で㐠㌿すると，ᵝࣉン࣏

定⌧㇟が発生することが知られている．ᾮ体ロࢣット用ター࣏࣎ンࣉンデࣗーࢧはᑠᆺかつ超

高速回㌿であるため，しࡤしࡤこのࢸࣅࣕ࢟ーࣙࢩンᏳ定⌧㇟が発生し，古くからከくの研究

がなされてきた．また，一般用⏘ᴗ࣏ンࣉでもᑠᆺ化・高速化・高྾㎸み性能化が㐍ࡴにつれて

において研究がなされてきࣉン࣏やᩳ流ࣉン࣏ンᏳ定⌧㇟が問題となり，㐲ᚰࣙࢩーࢸࣅࣕ࢟

た． 
低྾㎸圧力では，ࢸࣅࣕ࢟ーࣙࢩンの回㌿࿘波数がン࣌ラ̿の回㌿࿘波数より大きい超同期

᪕回ࢸࣅࣕ࢟ーࣙࢩンとࡤれるࢸࣅࣕ࢟ーࣙࢩンᏳ定⌧㇟が発生する．྾㎸圧力を᭦にୗࡆ

ると，ン࣌ラ̿の回㌿࿘波数と同ࡌ同期᪕回ࢸࣅࣕ࢟ーࣙࢩン，ン࣌ラの回㌿࿘波数よりᑠ

さいள同期᪕回ࢸࣅࣕ࢟ーࣙࢩンが発生する．これらのᏳ定⌧㇟の㑄⛣メカニズムは未ࡔに明

らかにされていない．そこで本研究では，ࢸࣅࣕ࢟ーࣙࢩンᏳ定⌧㇟の㑄⛣メカニズムを明ら

かにすることが目的である． 
 
2. 研究成果の内容 

図 1 に示すように，流体科学研究所のࢸࣅࣕ࢟ーࣙࢩンタンネルを用いて実験を行った．࣏ン

により྾㎸圧力を調⠇した．図ࣉン࣏✵┿ルブにより流量を，タンクのࣂୗ流のࣉ 2 に示すよう

に，⩚᰿㌴๓⦕から後⦕までᐜ᫆に可視化できるように，⩚᰿㌴ഃᯈと入ཱྀ࣎リࣗートቨ㠃を

㠃クリルᖹᯈでタ計した． 
図 3 に，Ỉᵴ実験から得られた࣏ンࣉの圧力性能᭤⥺を示す．ᶓ㍈は流量，⦪㍈は࣊ッࢻを示

す．࣏ンࣉの圧力性能はてྑୗがりの໙㓄をᣢࡕ，᭱大効⋡の流量は⣙ 1.2 m3/min であるこ

とが分かる．これより，ࢧーࢪもしくは᪕回ኻ速のような，࣏ンࣉの圧力性能のྑ上がり໙㓄に

起因するᏳ定⌧㇟が発生しないことがண される． 
図 4 に，Ỉᵴ実験から得られた࣏ンࣉの྾㎸性能᭤⥺を示す．ᶓ㍈はṇ྾㎸࣊ッࢻ㸦㸻136+㸧

と⦪㍈は࣊ッࢻを示す．流量が 1.2 m3/min の場ྜ，低流量とẚ㍑し，࣏ンࣉの性能がᛴ⃭にⴠ

 ．大きいことが分かるࢻッ࣊ጞめるṇ྾㎸ࡕ
 
�. 研究目ᶆの㐩成≧ἣ 

研究目ᶆであるࢸࣅࣕ࢟ーࣙࢩンᏳ定⌧㇟の㑄⛣メカニズムを調ᰝするẁ㝵までは⮳って

いないが，ணഛ実験によりࢸࣅࣕ࢟ーࣙࢩン発生時の࣏ンࣉ性能を 定することができた．  

課題番号 J18I070 
区分 一般共同研究 

課題分野 ⎔境・エネルギー分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目 
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図 1㸸 ࢸࣅࣕ࢟ーࣙࢩンタンネル 図 2㸸 可視化用の❆ 
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図 3㸸 圧力性能᭤⥺ 図 4㸸 ྾㎸性能᭤⥺ 

 
 

 ᚋのㄢ㢟ࡵࡲ .�

，の性能᭤⥺と྾㎸性能が得られることができた．後ࣉン࣏ン発生時の㐲ᚰࣙࢩーࢸࣅࣕ࢟

高速カメラを用いてࢸࣅࣕ࢟ーࣙࢩン流れのᵝᏊをᙳする．さらに，ン࣌ラの ቨに圧力ࢭ

ンࢧーを付けて，ࢸࣅࣕ࢟ーࣙࢩンによる圧力変動を 定することにより，ࢸࣅࣕ࢟ーࣙࢩン

Ᏻ定⌧㇟を同定する． 

 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

なし 
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*[1] D. Kang, P. Fu, H. Sasaki and Y. Iga: Clarification of the Transient Mechanism of 
Cavitation Instabilities, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-70, pp. 146-147. 
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ンࢧーを付けて，ࢸࣅࣕ࢟ーࣙࢩンによる圧力変動を 定することにより，ࢸࣅࣕ࢟ーࣙࢩン

Ᏻ定⌧㇟を同定する． 

 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ
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なし 
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*[1] D. Kang, P. Fu, H. Sasaki and Y. Iga: Clarification of the Transient Mechanism of 
Cavitation Instabilities, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-70, pp. 146-147. 
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2. ◊✲ᡂᯝࡢෆᐜ 

2018 ᖺᗘࡣ࡚࠸࠾㸪CFD 㐍ࢆᚓྲྀࡢຊಀᩘ࣭ᚤಀᩘ✵ࡿࡅ࠾㸪⦪ᶓྛ᪉ྥ࡚࠸⏝ࢆ

ゅ㏿ᗘࢳࢵࣆ㸬ᅗ㸰ࡓࡵ q ຊ㸦ᥭຊಀᩘࡢ᪉ྥ⦪ࡿࡍᑐ C Lࢺ࣓࣮ࣥࣔಀᩘ C m 㸧ࡢᚤಀᩘ
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◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 
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㸪ࣟࡽ 㸬Cࡿࢀࡉ ணࡿ࡞ῶ⾶㐠ືࡣ㐠ືࢢ࣮ࣥࣜ n r 㸪Aࡀࡿ࠶ᵝ࡛ྠࡡࡴ࠾࠾ࡶ o A 12°-ࡀ
௨ୗࡢ㸪ṇࡽࡇࡿ࡞㸪ὀពࡀᚲせࡿ࡞ᛮࡿࢀࢃ㸬 
ᅗ㸲࣮ࣝࣟᅇ㌿࣮ࣚᅇ㌿ゅ㏿ᗘࢆࣥࣃࢫࡢࡁࡓ࠼᪉ྥⲴ㔜㸪ᅇ㌿ゅ㏿ᗘࡀ 0 ࡢ

ᕪศǻFࡢ y ᨭ㓄ⓗ࡛ࡀᙳ㡪ࡢ⩼ᆶ┤ᑿࡣ⩼㸪࣮ࣚ㐠ື࡛ࡣ㸪࣮ࣟࣝ㐠ື࡛ࡽࡽࢀࡇ㸬ࡍ♧ࢆ

 㸬ࡿࢃࡀࡇࡿ࠸࡚ࡗ࡞ᛶ≉࡞┤㸪⣲ࡾ࠶
 
 
 
 
 

ᅗ㸰㸸C Lq C࣭ m q  ㏄ゅኚࡢ

 
ᅗ㸱㸸C l p C࣭ n r ㏄ゅኚ      ᅗ㸲㸸ǻFࡢ y  ศᕸ㸦ᕥ࣮ࣟࣝ㏿ᗘ㸪ྑ࣮ࣚ㏿ᗘ㸧ࡢ

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᙜึィ⏬ᑐ࡚ࡋ㸪ࠕタィᶵ䛻䛚䛡る✵Ẽຊ䛻䜘る動ⓗ≉ᛶのྲྀᚓ䛃䛿䜋䜌㐩ᡂする䛣䛸䛜䛷䛝

䛯䠊䜎䛯䠈ᐇ㦂್䛸のẚ㍑᳨ウの㐜䜜䛜䛒る䜒のの䠈䛂✵ຊデ䞊タ䝧䞊䝇構⠏䛻ᇶ䛵䛟㐠動ண 䛃䜒⾜

䛖䛣䛸䛜䛷䛝䛯䠊䛂✵ຊไᚚのຠᯝ䛻㛵する▱ぢの⋓ᚓ䛃䛻䛴䛔䛶䛿䠈㣕⾜ຊᏛィ⟬ᐇの㐜䜜䛜䛒䜚䠈

ᖺᗘを䜎䛯䛔䛷ᐇ୰䛷䛒る䛜䠈㏆䛟⤊するணᐃ䛷䛒る䠊 
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ᮏ◊✲࡛ࡣ C F D ࡚࠸⏝ࢆ M A B E -2 ࡘ㸪ືⓗ≉ᛶࡋᚓྲྀࢆᚤಀᩘືࡿࡍ㛵ຊࡢᶓ᪉ྥ⦪ࡢ

ࡀⓗ✵Ẽຊື᪉ྥࡿࡍ⾶ῶࡀᅇ㌿ࡢ㸪ᶵయ࡚࠸࠾㏄ゅ⠊ᅖࡢࡑࡼ࠾㸪≉㸬ࡓᚓࢆぢ▱࡚࠸

㸪✵ຊࡵࡓ࠸ࡉᑠࡀῶ⾶ẚࡢࢻ㸪▷࿘ᮇ࣮ࣔࡣ࡚࠸ࡘຊࡢ㸬⦪᪉ྥࡓࡗศࡀࡇࡃࡽࡓࡣ

ไᚚ࡛⿵ൾࡿࡍᚲせྠࡶ࡞ࡇࡿ࠶ࡀศࡓࡗ㸬 
ᚋࡢ᪉㔪 

ḟᖺᗘࡣ࡚࠸࠾⥆⥅ࡢ㸪᧯⯦ࢆక࠺✵ຊࢫ࣮࣋ࢱ࣮ࢹࢆ㏣ຍࡵࡍࡍࢆࡇࡿࡍ㸪㣕⾜ࢆ㐃

ᡂࡓࡏࡉィ⟬✵ຊ᧯⯦ィ⏬᭱ࡢ㐺タィࢆᐇࡿࡍ㸬ࡓࡲ㸪ྛື࣮ࣔࢆࢻ⌮ゎࡵࡓࡿࡍ㔜せ

ࡿ࠶ᚤಀᩘ࡛ື࡞ H i g h -f i d e l i t y ィ⟬ࡾࡼ㸪㏄ゅࡀ㛫ኚࡢࡁࡿࡍຊྲྀࡢᚓ࠺⾜ࡶ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] M. Kanazaki, K. Tomisawa, H. Kittaka, K. Fujita, A. Oyama, H. Nagai : Aerodynamic 
Performance Investigations Around Control Surfaces of Mars Airplane Balloon 
Experiment Two, Proceedings of the 18th International Symposium on Advanced Fluid 
Information (AFI2018), Sendai, (2018), CRF-18, pp. 36-37. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

⾲㸰㸸▷࿘ᮇ࣮ࣔࢻ 
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ᅗ㸲࣮ࣝࣟᅇ㌿࣮ࣚᅇ㌿ゅ㏿ᗘࢆࣥࣃࢫࡢࡁࡓ࠼᪉ྥⲴ㔜㸪ᅇ㌿ゅ㏿ᗘࡀ 0 ࡢ

ᕪศǻFࡢ y ᨭ㓄ⓗ࡛ࡀᙳ㡪ࡢ⩼ᆶ┤ᑿࡣ⩼㸪࣮ࣚ㐠ື࡛ࡣ㸪࣮ࣟࣝ㐠ື࡛ࡽࡽࢀࡇ㸬ࡍ♧ࢆ

 㸬ࡿࢃࡀࡇࡿ࠸࡚ࡗ࡞ᛶ≉࡞┤㸪⣲ࡾ࠶
 
 
 
 
 

ᅗ㸰㸸C Lq C࣭ m q  ㏄ゅኚࡢ

 
ᅗ㸱㸸C l p C࣭ n r ㏄ゅኚ      ᅗ㸲㸸ǻFࡢ y  ศᕸ㸦ᕥ࣮ࣟࣝ㏿ᗘ㸪ྑ࣮ࣚ㏿ᗘ㸧ࡢ

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᙜึィ⏬ᑐ࡚ࡋ㸪ࠕタィᶵ䛻䛚䛡る✵Ẽຊ䛻䜘る動ⓗ≉ᛶのྲྀᚓ䛃䛿䜋䜌㐩ᡂする䛣䛸䛜䛷䛝

䛯䠊䜎䛯䠈ᐇ㦂್䛸のẚ㍑᳨ウの㐜䜜䛜䛒る䜒のの䠈䛂✵ຊデ䞊タ䝧䞊䝇構⠏䛻ᇶ䛵䛟㐠動ண 䛃䜒⾜

䛖䛣䛸䛜䛷䛝䛯䠊䛂✵ຊไᚚのຠᯝ䛻㛵する▱ぢの⋓ᚓ䛃䛻䛴䛔䛶䛿䠈㣕⾜ຊᏛィ⟬ᐇの㐜䜜䛜䛒䜚䠈

ᖺᗘを䜎䛯䛔䛷ᐇ୰䛷䛒る䛜䠈㏆䛟⤊するணᐃ䛷䛒る䠊 
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ᮏ◊✲࡛ࡣ C F D ࡚࠸⏝ࢆ M A B E -2 ࡘ㸪ືⓗ≉ᛶࡋᚓྲྀࢆᚤಀᩘືࡿࡍ㛵ຊࡢᶓ᪉ྥ⦪ࡢ

ࡀⓗ✵Ẽຊື᪉ྥࡿࡍ⾶ῶࡀᅇ㌿ࡢ㸪ᶵయ࡚࠸࠾㏄ゅ⠊ᅖࡢࡑࡼ࠾㸪≉㸬ࡓᚓࢆぢ▱࡚࠸

㸪✵ຊࡵࡓ࠸ࡉᑠࡀῶ⾶ẚࡢࢻ㸪▷࿘ᮇ࣮ࣔࡣ࡚࠸ࡘຊࡢ㸬⦪᪉ྥࡓࡗศࡀࡇࡃࡽࡓࡣ

ไᚚ࡛⿵ൾࡿࡍᚲせྠࡶ࡞ࡇࡿ࠶ࡀศࡓࡗ㸬 
ᚋࡢ᪉㔪 

ḟᖺᗘࡣ࡚࠸࠾⥆⥅ࡢ㸪᧯⯦ࢆక࠺✵ຊࢫ࣮࣋ࢱ࣮ࢹࢆ㏣ຍࡵࡍࡍࢆࡇࡿࡍ㸪㣕⾜ࢆ㐃

ᡂࡓࡏࡉィ⟬✵ຊ᧯⯦ィ⏬᭱ࡢ㐺タィࢆᐇࡿࡍ㸬ࡓࡲ㸪ྛື࣮ࣔࢆࢻ⌮ゎࡵࡓࡿࡍ㔜せ

ࡿ࠶ᚤಀᩘ࡛ື࡞ H i g h -f i d e l i t y ィ⟬ࡾࡼ㸪㏄ゅࡀ㛫ኚࡢࡁࡿࡍຊྲྀࡢᚓ࠺⾜ࡶ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] M. Kanazaki, K. Tomisawa, H. Kittaka, K. Fujita, A. Oyama, H. Nagai : Aerodynamic 
Performance Investigations Around Control Surfaces of Mars Airplane Balloon 
Experiment Two, Proceedings of the 18th International Symposium on Advanced Fluid 
Information (AFI2018), Sendai, (2018), CRF-18, pp. 36-37. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

⾲㸰㸸▷࿘ᮇ࣮ࣔࢻ 

 
 

 

 

 

 

 

㣕⩧య≀⌮ࡢゎ᫂ࢆ目ᣦࡓࡋศᏊࢢࣥࢪ࣮࣓ィ ᢏ⾡ࡢ㛤Ⓨ 

Development of Molecular Imaging Technology for Investigation of Projectile Aerodynamics 

  

⏣ ᶞ*†㸪㇂ Ύఙ**†† 
*ᮾᾏᏛᕤᏛ㒊㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

ᮏ◊✲࡛ࡣ㸪㉸㡢㏿࡛㣕⩧ࡿࡍ≀యࡿࡌ⏕ㅖ⌧㇟࡚࠸ࡘ㸪⮬⏤㣕⾜ࡿࡍ≀యୖࡢ㠀ᐃ

ᖖᅽຊሙࢆ┤᥋ィ ࡚ࡗࡼࡇࡿࡍ᫂ࢆࡇࡿࡍࡽ┠ᣦࡿ࠸࡚ࡋ㸬ࡓࡲ㸪㣕⩧యୖࡢ

ᅽຊሙࢆᐃ㔞ⓗࡘ㠃ⓗィ ࡾࡼࡇࡿࡍ㸪㣕⩧యୖຍࡿࢃ✵Ẽຊࢆᐃ㔞ⓗ᫂ࡽ

┠╔⾡ᢏࢢࣥࢪ࣮࣓ศᏊࡣ࡛✲◊㸪ᮏࡵࡓࡢ㐩ᡂࡢ㸬ᮏ┠ⓗࡿ࠸࡚ࡋᣦ┠ࡶࡇࡿࡍ

 ,ឤᅽሬᩱ (Pressure-Sensitive Paint࡞⬟ྍ ᐃ㔞ィࢆᅽຊሙࡢ㸪≀యୖ≉㸪ࡾ࠾࡚ࡋ
PSP) ᢏ⾡ࢪࣥࣞࢡࢵࢸࢫࣜࣂࢆヨ㦂㐺⏝ྍ⬟࡞ᢏ⾡ࡿࡍࢆ┠ᣦࡿ࠸࡚ࡋ㸬ᮏ┠ⓗ

⬟ྍࡀ ᅽຊሙィࡢⓗ≀యୖືࡘ㸪ࡋ᭷ࢆ㛫ᛂ⟅ᛶ࡞㸪ศࡣ࡛✲◊㸪ᮏࡵࡓࡢ㐩ᡂࡢ

 㸬ࡓࡳヨࢆ ᅽຊሙィࡢ㸪㣕⩧యୖࡋ㛤Ⓨࢆ 㧗㏿ᛂ⟅ᆺⰍⓎගᆺ PSP࡞
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᅗ㸯㸪ᮏ◊✲࡛㛤Ⓨࡓࡋ㧗㏿ᛂ⟅ᆺⰍⓎගᆺ PSP ࢆ㐺⏝ࡓࡋ㣕⩧యྍࡢど⤖ᯝࢆ

࡚ࡗ⾜Ẽᅽୗ࡛ࡣ㸪ヨ㦂ࡓࡲ㸬ࡓࡋ 1.9 ࣁࢵ࣐ࡣ㸪㏿ᗘ࡚ࡋ⌫ࡣ≦㸬㣕⩧యᙧࡍ♧

 Tris ࡣ㸪ឤᅽⰍ⣲ࡣ࡚࠸ࡘ 㸬ⰍⓎගᆺ PSPࡿ࠶࡛⛊ࣟࢡ࣐ 2.5 ࡣ㸪㟢ග㛫ࡾ࠾
(4,7-diphenyl-1,10-phenanthroline) ruthenium (II) dichloride ࡛ࡾ࠶㸪ཧ↷Ⰽ⣲ࡣ 
Fluorescein ࡛ࡿ࠶㸬୧Ⰽ⣲ࡣ㸪ࣜࣥ㓟ᆺ㝧ᴟ㓟ฎ⌮ࢆ㣕⩧య㐺⏝ࡓࡋᚋ㸪ࣥࣆࢵࢹ

㸪ᅗ୰࠾࡞㸬ࡿ࠶࡛࣒࢘ࢽ࣑ࣝࡣ㸪㣕⩧య⣲ᮦࡓࡲ㸬ࡓࡏࡉ╔྾㣕⩧య⾲㠃ࡾࡼࢢ

 㸬ࡿ࠶ែ࡛≦ࡿ࠸࡚ࡋ⩧㣕࡚ࡗྥྑࡽᕥࡣ㸪㣕⩧య࡚࠸࠾
 

H i g h  

 
Low  

 
 

 
 

S  F l i g h t  D i r e c t i on  

 
ᅗ 1㸸1.9 ࣁࢵ࣐ ࡛㣕⩧ࡿࡍ⌫≧≀యୖࡢᅽຊሙ 

 

ㄢ㢟␒  ྕ J18I072 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 
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ᅗࡾࡼ㸪㣕⩧యୖ࡚࠸࠾㸪≀యඛ㢌㒊㧗ᅽ㡿ᇦࡀᙧᡂࡀࡢࡿ࠸࡚ࢀࡉศࡿ㸬ࡢࡑᚋ㸪

ୗὶഃࡃ⾜ᚑ࠸ᅽຊࡣపୗࡃ࠸࡚ࡋഴྥࡀぢࡿ࠼㸬ᮏ⤖ᯝࡾࡼᅽຊྲྀࢆࣝࣇࣟࣉᚓ

⏺ቃࡢ㡿ᇦࡢࢀࡒࢀࡑ㸪ࡾศࡀࡇࡿࡍᏑᅾᩘ「ࡀ㡿ᇦ࠸ࡉᑠࡢ㸪ẚ㍑ⓗᅽຊኚࡿࡍ

ࡼὶ㒊ୖࡣ㸪ᅽຊሙࡾࡲࡘ㸬ࡓࡗศࡀࡇࡿ࠸࡚ࡌ⏕ࡀᅽຊኚẚ㍑ⓗᛴ⃭ࡣ࡚࠸࠾

ࡀࡇ࠸ࡁẚ㍑ⓗࡣᅽຊᕪࡢࢀࡒࢀࡑࡘ㸪ࡾ࠾࡚ࡋศᕸ≦ᖏ࡚ࡋᑐ㐍⾜᪉ྥࡢ⌫ࡾ

ศࡓࡗ㸬௨ୖࡾࡼ㸪ᐃᛶⓗࡣ⌫≧≀యୖࡢᅽຊሙྍࢆどࡇࡿࡍᡂຌࡓࡋ㸬 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏᖺᗘࡢᡂᯝࡣ࡚ࡋ㸪㧗㏿ᛂ⟅ᆺⰍⓎග PSP ࡢ≉ᛶࡇࡿࡏࡉୖྥࢆᡂຌ࠾࡚ࡋ

S/N ẚ࡛ྲྀᚓ ࠸㧗ࡶࡾࡼ㸪ᚑ᮶ࢆᅽຊሙࡢ㣕⩧యୖࡿࡍ⩧㉸㡢㏿࡛㣕ࡓࡋ⏝㐺ࢆࢀࡑ㸪ࡾ

ࡣࡽほⅬࡢS/N ẚ ࡣ ᐃ㔞ィࡓ࠸࡚ࡋ㸬┠ᶆࡿࢀࡽࡆᣲࡀࡇࡓࡋᡂຌࡇࡿࡍ

࠸ࡘࡀࡵࡢᐃ୍ࡾࡼᡂᯝ✲◊ࡢᮏᖺᗘ࡚࠸ࡘᨵၿ᪉ἲࡢࡑ㸪ࡀࡿ࠶ࡣⅬࡿࡍ㊊ࡸࡸ

 㸬ࡿ࠶ἣ࡛≦ࡓ
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   ᐃᛶⓗ࡞㣕⩧యྍどࡣ࡚࠸ࡘ㸪⣔ิⓗྲྀࢱ࣮ࢹ࡞ᚓࡿ࠶ࡵྵࢆ⛬ᗘࡢᢏ⾡ẁ㝵࡛ࡲ

฿㐩ࡀࡇࡿࡍฟ᮶ࡓ㸬ୖ㏙࠺ࡼࡓࡋ㸪ᮏᖺᗘࡢᡂᯝࡽ S/N ẚࡢᨵၿ㸪ࡕࢃ࡞ࡍ PSP 
 ࡓࡵ㧗᭦ࢆᅽຊឤᗘⓎගᙉᗘࡣ࡚࠸࠾㸪ḟᖺᗘࡾ࠶ἣ࡛≦ࡓ࠸ࡘࡀࡵᛶᨵၿ≉ࡢ
PSP ࡾࡼᐃ㔞ⓗ࡞ィ ࡢᐇドヨ㦂࠺⾜ࢆணᐃ࡛ࡿ࠶㸬 

 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

[1] Daiju Numata, Kiyonobu Ohtani : Surface Pressure Measurement on Supersonic 
Free-Flight Projectiles Using Unsteady PSP Techniques, 2018 AIAA Aviation and 
Aeronautics Forum and Exposition (2018 AIAA AVIATION Forum), (2018), 
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of High Enthalpy Flows around a Hypersonic Vehicle, Proc. of the 18th International 
Symposium on Advanced Fluid Information, Sendai, (2018), CRF-82, pp. 170-171. 
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ὶ࣭㠀ὶඹᏑὶືሙࡿࡅ࠾ὶືᵓ㐀ࣛ࢝ࢫ࣭ࢠࣝࢿ࢚㍺㏦ᶵᵓ 

Fluid Dynamics and Energy/Scalar Transport in Coexisting 

Flow of Turbulence and Non-Turbulence 

  

᪩℩ ᩄᖾ*†† 
㓇 ᗣᙪ**†㸪ఀ⸨ 㟹ோ**㸪ᒾ㔝 ⪔** 

Z h ou  Y i ***㸪Y u  J i h on g ** 
*ᮾᏛὶయ⛉Ꮫ◊✲ᡤ㸪**ྡྂᒇᏛᏛ㝔ᕤᏛ◊✲⛉ᶵᲔ࣒ࢸࢫࢩᕤᏛᑓᨷ 

***༡ி⛉Ꮫᢏ⾡Ꮫ࣮ࢠࣝࢿ࢚ᕤᏛᑓᨷ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

ᕤᴗ⨨ࡸ⎔ቃ୰ぢࡿࢀࡽὶࡢࢀከࡣࡃ㸪ὶ㠀ὶࡀඹᏑࡿࡍὶࡿ࠶࡛ࢀ㸬ࡤ࠼

ᄇὶࡸቨ㠃ὶࡣ㸪㠀ὶࡾྲྀࢆ㎸ࡽࡀ࡞ࡳὶࡀⓎ㐩ࡿࡍ㸬ࡓࡲ༑ศࡀᩘࢬࣝࣀࣞ㧗

ࡿࡍ᭷ࢆእ㒊㛫Ḟᛶࡿࡺࢃ࠸࡞࠺ࡼࡢࡇ㸬ࡿࡍඹᏑࡀ㠀ὶὶࡣ㸪ึᮇẁ㝵ࡶሙྜ࡛࠸

ὶࡣ࡛ࢀ㸪ὶ≧ែࡢࡳࡢὶࢀᣲືࡎࡽࢃࡶࡿ࡞␗ࡀ㸪୍ᵝ➼᪉ⓗ࡞ὶሙࢆ௬ᐃ

ࡽ᫂ࢆཎᅉࡢࡇ㸬ࡿࢀࡽぢࡃከࡀሙྜࡿࢀࡉࡓ‶ࡀィἲ๎⤫ࡿࢀࡉฟࡁᑟࡽὶ⌮ㄽࡓࡋ

 㸪ࡋ⾜ᐇࢆࣥࣙࢩ࣮࣑ࣞࣗࢩつᶍᩘ್ࡿࡍᑐࢀὶ࡞ࠎ㸪ᵝࡣ࡛✲◊ᮏࡵࡓࡿࡍ

ࡀ㠀ὶ㸪ὶࡾࡼࡇࡿࡍࡽ᫂ࢆࢫࢡࢵࣛࣇࣛ࢝ࢫ࣭࣮ࢠࣝࢿ࢚ࡢ㛫࡛࣮ࣝࢣࢫ

ඹᏑࡿࡍὶࢀሙࡿࡅ࠾ὶᵓ㐀ࣛ࢝ࢫࡧࡼ࠾࣮ࢠࣝࢿ࢚㍺㏦ᶵᵓࢆゎ᫂ࢆࡇࡿࡍ┠

ⓗࡿࡍ㸬  
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᮏᖺᗘࣝࢢࣥࢩࡣ᱁Ꮚὶሙࡿࡅ࠾ᇶ♏≉ᛶࢆ᫂ࡶࡿࡍࡽ㸪࣮࣮ࣔࢠࣝࢿ࢚

㸪ᅗ࡚ࡋᯝ⤖࡞㸬௦⾲ⓗࡓࡋᵓ⠏ࢆ࣒ࣛࢢࣟࣉゎᯒࢻ 1 ࡢኚື࣮ࣛ࢝ࢫ POD ゎᯒ⤖ᯝ

ࡢ㸬ᅗ୰ࡍ♧ࢆ x=0 㸪ࣔࡾࡼ㸬ᅗࡿ࠸࡚ࢀࡉ⨨㓄ࡣ᱁Ꮚ⨨ࡢ ⓗ࣮ࢠࣝࢿ࢚)ࡿࡀୖࡀࢻ࣮

 㸬ࡿࢃࡀࡇࡿࢀࡉኚື࡛ᵓᡂ࠸⣽ࡾࡼ࡚ࢀࡘ(ࡿࡀୗࡀ⋠ᨭ㓄࡞
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏᖺᗘࡣ㸪ࣝࢢࣥࢩ᱁Ꮚὶሙ࣮ࣔࢠࣝࢿ࢚ࡧࡼ࠾ࢻ࣮ࢥࣥࣙࢩ࣮࣑ࣞࣗࢩ್ᩘࡿࡅ࠾

ࡢୗグࡓࡲ㸪ࡃࡋ➼ࡰணᐃࡢᙜึࡣࢀࡇ㸬ࡓࡗ⾜ࢆᵓ⠏ࡢ࣒ࣛࢢࣟࣉゎᯒࡓ࠸⏝ࢆࢻ࣮

 㸬ࡿ࠼ゝࡓࢀࡉ⾜㐙ࡀ✲◊㸪㡰ㄪ࡚ࡗࡀࡓࡋ㸬ࡓࢀࡉ⾲Ꮫ࡛Ⓨ࠺ࡼ
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୪⾜ࡿ࠸࡚ࡗ⾜࡚ࡋᐇ㦂◊✲ࡣ࡚࠸࠾ὶࣛ࢝ࢫࡧࡼ࠾ࢠࣝࢿ࢚ᑐࡿࡍᵓ㐀㛵ᩘ

ฟࡀ࠸㐪㛫Ḟᛶࡸ㏦᪉ྥ㍺ࡿࡓࡢࡽࢀࡑ㐲᪉࡛㏆ഐࡢ㸪᱁Ꮚ࠸⾜ࢆゎᯒࡓ࠸⏝ࢆ

㐺ࡶᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩ್ᩘࢆゎᯒࡢ㸪ྠᵝࡣ㸬ḟᖺᗘ௨㝆ࡓࡋࡽ᫂ࢆࡇࡿ

ᛂࡾࡼࡇࡿࡍ㸪ὶ࣭㠀ὶࡢඹᏑሙࣛ࢝ࢫ࣭ࢠࣝࢿ࢚ࡿࡅ࠾㍺㏦ᶵᵓࢆ᫂ࡽ

ㄢ㢟␒  ྕ J18I078 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 
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5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

*[1] K. Takamure, Y. Sakai, Y. Ito, K. Iwano, T. Hayase : Dissipation scaling in the transition 
region of turbulent mixing layer, Int. J. Heat and Fluid Flow, Vol. 75, (2019), pp. 77-85. 

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[2] Y. Sakai, Y. Ito, K. Iwano, T. Hayase, Z. Yi, S. Nagaya, J. Yu : Fluid Dynamics and 
Energy/scalar Transport in Coexisting Flows of Turbulence and Non-turbulence, 
Proceedings of the 18th International Symposium on Advanced Fluid Information 
(AFI-2018), Sendai, (2018), CRF-91, pp. 188-189.  

[3] P. Kadu, Y. Sakai, Y. Ito, K. Iwano, M. Sugino, T. Katagiri, T. Hayase : Influence of Swirl 
on Coaxial Jets, Proceedings of the 15th International Conference on Fluid Dynamics, 
Sendai, (2018), OS14-12, pp. 776-777. 

[4] ᰗᚿᘯ㸪㓇ᗣᙪ㸪ఀ ⸨㟹ோ㸪ᒾ㔝⪔㸪᪩℩ᩄᖾ㸸Numerical Study on Scalar Transport 
in Single-Square-Grid-generated Turbulence㸪TOKAI ENGINEERING COMPLEX 2019 
(TEC19), Gifu University, (2019), CD-ROM㸬 
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5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

*[1] K. Takamure, Y. Sakai, Y. Ito, K. Iwano, T. Hayase : Dissipation scaling in the transition 
region of turbulent mixing layer, Int. J. Heat and Fluid Flow, Vol. 75, (2019), pp. 77-85. 

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[2] Y. Sakai, Y. Ito, K. Iwano, T. Hayase, Z. Yi, S. Nagaya, J. Yu : Fluid Dynamics and 
Energy/scalar Transport in Coexisting Flows of Turbulence and Non-turbulence, 
Proceedings of the 18th International Symposium on Advanced Fluid Information 
(AFI-2018), Sendai, (2018), CRF-91, pp. 188-189.  

[3] P. Kadu, Y. Sakai, Y. Ito, K. Iwano, M. Sugino, T. Katagiri, T. Hayase : Influence of Swirl 
on Coaxial Jets, Proceedings of the 15th International Conference on Fluid Dynamics, 
Sendai, (2018), OS14-12, pp. 776-777. 

[4] ᰗᚿᘯ㸪㓇ᗣᙪ㸪ఀ ⸨㟹ோ㸪ᒾ㔝⪔㸪᪩℩ᩄᖾ㸸Numerical Study on Scalar Transport 
in Single-Square-Grid-generated Turbulence㸪TOKAI ENGINEERING COMPLEX 2019 
(TEC19), Gifu University, (2019), CD-ROM㸬 
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」㞧ᙧ≧ࡢ✵㝽፹యࡿࡼỈ୰⇿Ⓨ⎔ቃࡢῶ⾶ຠᯝ 

Effect of Environment Attenuation of Underwater Explosion by Porous Complex Mediums 

  

ᕝ ୍ᩗ*†㸪㇂ Ύఙ**††㸪ᑠす ᗣ㑳** 
*ឡ▱ᕤᴗᏛᕤᏛ㒊㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

⾪ᧁἼࡢῶ⾶ἲ࣭⦆ἲࡢಙ㢗ᛶࡵࡓࡢୖྥࢆ㸪ண ࣭ᐇド᳨࣭ド࡛ࣝࢡࢧࡢᐇ⾜ࡋ

ࡢῶ⾶ຠᯝࡢⓎ⎔ቃ⇿ᧁᖸ΅ၥ㢟⾪ࡢ㸪Ỉ୰⇿Ⓨࡣ࡛≦⌧㸬ࡿ࠶ᚲせ࡛ࡀ࣒ࢸࢫࢩࡃ࠸࡚

᳨ドᐇドࡢࡵࡓࡢィ ࡀࢱ࣮ࢹ㊊ࡿ࠸࡚ࡋ㸬ᮏ◊✲࡛ࡣ㸪⾪ᧁἼẼἻືࡢῶ⾶≉ᛶ

⇿ᧁᅽῶ⾶㸪⾪ࡢ㞧፹య࡛㸪Ỉ୰⇿Ⓨ「ࡢẼἻᵓ㐀ࡘᣢࢆࢫࣥࢲ࣮ࣆࣥ㡢㡪ࡓࡋ៖⪄ࢆ

Ⓨࡢࢫ࢞ẼἻ⭾ᙇ⦰ࡢᢚไỈὶࡢࢺࢵ࢙ࢪ㍍ῶࡿࡼ⾪ᧁ⎔ቃࡢῶ⾶ἲࡿࡍ❧☜ࡢ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᅗ 1 እᑍࡣ㸬ᮏᐇ㦂࡛ࡍ♧ࢆᶍᘧᅗࡢ⨨タࡢయ≀ࡢ㸪Ỉ୰⇿Ⓨᐇ㦂ࡣ 340mm×300mm
×320m㸪ෆᑍ 300mm×300mm×300mm ⣙Ỉᵴࡢ 18L 㖟ࢪ㸬ࡓࡋ⏝ࢆ⢭〇Ỉࡢ

ẚࢺࢡ࣌ࢫ)㔠ᒓᕤᴗओ㸪⟄ᆺࡣ(AgN3)ࢺࢵࣞ࣌ 1, ┤ᚄ 1.5mm)㸪⸆㔞⣙ 10mg㸪
ᐦᗘ⣙ 3,770kg/m3 㸪Q-switched Nd:YAGࡽ➃ࣂࣇගࡣ⇿㸬㉳ࡿ࠶࡛ ࢆࢨ࣮ࣞ 1
ᅇ↷ᑕࡋ㸪ࡋࡿࡘⓎ◚ἲࡓࡗ⾜ࡾࡼ㸬⇿⸆ࡣ㸪୰㊥㞳⇿Ⓨ᮲௳(0.40<Z<5.55)ࡋ㸪≀య

⾲㠃ࡽ⟬㊥㞳Z=1.73, 2.24m/kg1/3(30mm)タ⨨ࡓࡋ㸬ᮏᐇ㦂࡛࣑ࣝࡣᖹᯈพฝ㸪

༙ᙧࣝࢭࣥࣉ࣮࢜ࡢᆺ࣒࣮࢛ࣇ(Foam13㸪50㸪80)ࡾ㈞ࢆࡓࡅ㸬 
 

  
ᅗ 1 Ỉ୰⇿Ⓨᐇ㦂ࡢᶍᘧᅗ ᅗ 2 ධᑕ⾪ᧁἼ᭱ࡢ⟬㐣ᅽࡢ㛵ಀ 

 
ᅗ 2 ධᑕ⾪ᧁἼ㸪ᅗࡣ 3 ⟬㐣ᅽ್㸪ᅗ᭱ࡢࢫࣝࣃࣝࣈࣂࡣ 4 ᙎᛶయࡢධᑕ⾪ᧁἼࡣ

ᚋ➃᭱ࡢ㐣ᛂຊ್ࡍ♧ࢆ㸬 
ධᑕ⾪ᧁἼࡢ㐣ᅽᢚไࡣ㸪 
༙Foam50㸼พฝFoam13㸼พฝFoam80㸪พฝFoam50㸼༙Foam80 
Ỉὶࢺࢵ࢙ࢪᢚไࡣ㸪 

ㄢ㢟␒  ྕ J18I081 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 3 ᖺ┠ 
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พฝ Foam50㸼พฝFoam13㸼༙Foam50㸼พฝFoam80㸼༙Foam80 
ᙎᛶయᚋ➃ࡢ㐣ᛂຊᢚไࡣ㸪༙Foam50㸼༙Foam80 

ࢀࡇ㸬ࡓࡋ⾶ῶࡀ㐣ᅽ࣭ᛂຊ᭱࠸㧗ࡀᐦᗘࡢ㸪ྍኚ✵㝽፹యࡾ࠶㡰␒࡛ຠᯝⓗ࡛ࡢ

 㸬ࡿࢀࡉㄏⓎࡀ⾶ᅽຊῶࡾࡼ㠀ᐃᖖᢠࡢ㦵᱁ᅛయ࣒࣮࢛ࣇ㸪ࡣ

ᚑ࡚ࡗ㸪Ỉ୰⇿Ⓨక࠸⾪ᧁἼࡀⓎ⏕ࡋ㸪⇿Ⓨ⏕ᡂࡢࢫ࢞㐠ືࡾࡼⓎ⏕ࡿࡍḟ⾪ᧁἼ

ࢺࢵ࢙ࢪ᥋Ἴ㸪ḟ⾪ᧁἼ㸪Ỉὶ┤ࡢ㸬⾪ᧁἼࡍฟࡾసࢆ㇟⌧࡞ᛴ⃭ࡢ࡞ࢺࢵ࢙ࢪỈὶ

 㸬ࡿ࠶ᡭẁ࡛࡞᭷ຠࡀࡇࡿࡍ⏝ࢆῶ⾶ຠᯝࡢỈ୰⇿Ⓨ࡚ࡅศᡂศྛࡢ
  

  
ᅗ 㛵ಀ ᅗࡢ⟬㐣ᅽ᭱ࡢࢫࣝࣃࣝࣈࣂ 3 4 ᙎᛶయᚋ➃᭱ࡢ⟬ᛂຊ್ࡢ㛵ಀ 

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

Ỉ୰⇿Ⓨࡢ⾪ᧁᅽ࣭ືⓗ◚ቯᣲືࢆ㸪」㞧ᵓ㐀፹యࡓ࠸⏝ࢆ≀యᦆയ㍍ῶࡢホ౯ἲࢆᑟ

ᧁᅽ࣭ືⓗ◚ቯᣲື⾪ࡢ㸪Ỉ୰⇿Ⓨࡋ⏝ࢆ㝽፹య✵ࡢ≦㸪」㞧ᙧࡽᯝ⤖ࡢࡇ㸬ࡓ࠸

≀యᦆയ㍍ῶ᪉ἲࡢ᭷⏝ᛶࡋ♧ࢆ㸪ᾏᗏⅆᒣ⇿Ⓨ㸪ᆅ㟈Ἴ㸪㝹▼⾪✺ཬࡧ⏕య⤌⧊୰ࡢ⾪ᧁ

⎔ቃࡢῶ⾶Ỉ୰⇿Ⓨࡓ࠸⏝ࢆ≀యࡢὙίᢏ⾡㛤Ⓨ⇿Ⓨฎ⌮ᢏ⾡ࡢᛂ⏝ࡗ࡞⬟ྍࡀ

 㸬ࡓ
 
 ㄢ㢟ࡢᚋࡵࡲ .4

3 ᖺ㛫ࡢ◊✲ᮇ㛫࡚࠸࠾㸪Ỉ୰⇿Ⓨࡢ⾪ᧁᅽ࣭ࢫࣝࣃࣝࣈࣂỈὶࡢࢺࢵ࢙ࢪῶ⾶

㍍ῶຠᯝࢆᰂ㌾✵㝽፹యࡢ⏝࡚ࡗࡼ㸪ᐇ⏝࡛⏝ྍ⬟࡞᭷ຠᛶࡓࡋ♧ࢆ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] K. Kitagawa, K. Ohtani : Visualization of Flow Field Around the Underwater Explosion, 
18th International Symposium on Flow Visualization (ISFV18), Zurich, Switzerland, 
(2018), 053a. 

*[2] K. Kitagawa, K. Ohtani, Y. Konishi, A. Abe: Attenuation and Reduction Effect of 
Underwater Explosion by Porous Materials, Proceedings of the Eighteenth International 
Symposium on Advanced Fluid Information (AFI-2018), Sendai, (2018), CRF-76, pp. 
158-159. 
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พฝ Foam50㸼พฝFoam13㸼༙Foam50㸼พฝFoam80㸼༙Foam80 
ᙎᛶయᚋ➃ࡢ㐣ᛂຊᢚไࡣ㸪༙Foam50㸼༙Foam80 

ࢀࡇ㸬ࡓࡋ⾶ῶࡀ㐣ᅽ࣭ᛂຊ᭱࠸㧗ࡀᐦᗘࡢ㸪ྍኚ✵㝽፹యࡾ࠶㡰␒࡛ຠᯝⓗ࡛ࡢ

 㸬ࡿࢀࡉㄏⓎࡀ⾶ᅽຊῶࡾࡼ㠀ᐃᖖᢠࡢ㦵᱁ᅛయ࣒࣮࢛ࣇ㸪ࡣ
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⏕ࡢࢀࡒࢀࡑ㸪࡛ࡢ࠸ࡋ➼࡛ࢫ࣮ࢣࡢ࡚ࡣ✚㠃ࡢ㒊ศࡿ࠸࡚ࡗ㈞ࢆࣉ࣮ࢸ㸪ࡓࡲ㸬ࡓࡋ

ᆅయࡢ࡚ࡋ㏻Ẽ㔞ࡣኚ࠸࡞ࡽࢃ㸬ᅗ 2 ࡅࡁᕳࢆᆅ⏕ࡓࡏࡉኚ㒊ศⓗࢆ㸪㏻Ẽ㔞ࡣ

ࡓ R e  =  1.0 ×  105 ሙࡓࡋࡃ↓㒊ศⓗࢆ㏻Ẽ㔞ࡢ㸬⏕ᆅࡿ࠶࡛⥺ᥭຊಀᩘ᭤ࡢᴃᰕࡿࡅ࠾

ྜ㸪᭱ ᥭຊಀᩘኚࡣぢࡀ࠸࡞ࢀࡽኻ㏿ゅ㐪ࡓࡌ⏕ࡀ࠸㸬No-g a p_ F ぢࡀࢀኻ㏿㐜ࡣ࡛

㸬୍᪉࡛㸪No-gࡓࢀࡽ a p_ M 㸪No-g a p_ R 㒊ศࢆ㏻Ẽ㔞ࡢ㸬⏕ᆅࡓࡗࡲࡋ࡚ࡗࡲ᪩ࡀ㏿ኻࡣ࡛

ⓗ 0 ࡿࡍὶฟయ⾲㠃≀࡚ࡋ㏱㐣ࢆ㸪⏕ᆅࡣࡇࡿࡍኚࡀኻ㏿≉ᛶ࡚ࡗࡼ⨨ࡿࡍ

㝿ࡢ⨨ࡶ㔜せ࡛ࢆࡇ࠺࠸ࡿ࠶♧၀ࡿࡍ㸬 
 

 
ᅗ 1㸸 ⏝ࡓࡋ⏕ᆅࡢᴫ␎ᅗ㸦̿㸸࡛ࣉ࣮ࢸሰࡔ࠸⨨㸧 

ㄢ㢟␒  ྕ J18I083 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 

Elliptic cylinder 

Fabric 
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3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

㏻Ẽ㔞ࢆ㒊ศⓗኚࡓࡏࡉ⏕ᆅ࡛ࡇࡿࡏ⿕ࢆ㸪⏕ᆅᴃᰕࡢ㛫ὶࡀࢀධࡾ㎸ࡳ㸪

ࡽ᫂ࢆࡇࡿࡌ⏕ࡀ࠸㐪ኻ㏿≉ᛶࡵࡓࡿࡍኚࡀ⨨ࡿࡍὶฟᴃᰕ⾲㠃ࡀࢀὶࡢࡑ

ࡇࡓࢀࡽᚓࡀᯝ⤖ࡿࡍ၀♧ࢆᛶ⬟ྍࡢ㣕㊥㞳ᘏఙࡿࡅ࠾ᢏ➇ࣉࣥࣕࢪ࣮࢟ࢫ㸬ࡓࡁ࡛

ẚᴃᰕࡣయࡢ࣮ࣃࣥࣕࢪࡢ㸪ᐇ㝿ࡋࡋ㸬ࡿ࠸࡚ࡁ㐩ᡂ࡛ࡡᴫࡣ㸪┠ᶆࡿࡍ៖⪄ࢆ

㍑࡚ࡋ」㞧࡞ᙧ≧ࡽࡇࡿ࠸࡚ࡋࢆయࡢ㒊ࡈ㐺ṇ࡞㏻Ẽ㔞್ࡀᏑᅾࡿࡍ᥎ ࡉ

 㸬ࡿ࡞ᚲせࡀウ᳨࡞ヲ⣽ࡣ㝿ࡿࡍ⏝ᛂࢶ࣮ࢫࡿࡍ⏝╔ࡀ࣮ࣃࣥࣕࢪ࡚ࡗࡀࡓࡋ㸬ࡿࢀ
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㡪ࢆཬࢆࡍࡰㄪࡓ㸬ࡓࡲ㸪࡛ࡲࢀࡇὶయຊ ᐃ࡛ࡣᥭຊᢠຊࡢ ᐃࡀࡓࡁ࡚ࡗ⾜ࢆ㸪

㣕㊥㞳ィ⟬ࡶࢺ࣓࣮ࣥࣔࡣ⪃៖ࡓࡋ᪉ࡾࡼࡀṇ☜ࡿ࡞㸬ࡵࡓࡢࡑ㸪ᚋࢺ࣓࣮ࣥࣔࡣ
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 ✲◊ࡿࡍ㛵ᚤ⢏≉ᛶࡢ㐣⇕Ỉࡿࢀࡉᄇᑕࡽࣝࢬࣀࣞࣉࢫ

Atomizing Characteristics of Superheated Water Injected from a Fan Spray Nozzle 

  

Ώ㑓 ຊኵ*†㸪ᑠᯘ ⚽**†† 
*ᮾி㒔ᕷᏛᕤᏛ㒊㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

ᮾி㒔ᕷᏛ࡛ࡣ㸪ᾮయ❅⣲ࡢẼ⭾ᙇᅽࢆ⏝ࡓࡋỈ㸭ᾮయ❅⣲ࣟࡢࣥࢪ࢚ࣥࢺࢵࢣ㛤

Ⓨࡿ࠸࡚ࡋࢆ㸬ࡢࣥࢪ࢚ࣥࡢࡇ᥎㐍ᛶ⬟ࡣࡵࡓࡿࡏࡉୖྥࢆ㸪㐣⇕Ỉᾮయ❅⣲ࡢ⇕

ຠ⋡࡞࠺ࡼࡿࡏࡉୖྥࢆᄇ㟝ΰྜ࠺⾜ࢆᚲせࡿ࠶ࡀ㸬ࡵࡓࡢࡑ㸪ࣥࢪ࢚ࣥෆࡢ㧗ᅽ᮲௳ୗ

ᄇᑕࡿࡍ᥎㐍ࡢᄇ㟝≉ᛶࢆ᫂ࡿࡍࡽᚲせࡿ࠶ࡀ㸬ᮏ◊✲࡛ࡣ㸪㈗◊✲ᡤࠕࡢ㧗ᅽ⎔ቃ

ᄇ㟝ヨ㦂⨨ࠖࢆ⏝࡚ࡋ㸪㧗ᅽ⎔ቃୗᄇᑕࡓࡋ㧗ᅽ㐣⇕Ỉᄇὶࡢᚤ⢏≉ᛶࢆ᫂ࡽ

 㸬ࡿࡍⓗ┠ࢆࡇࡿࡍ
 
2. ◊✲ᡂᯝࡢෆᐜ 

Ỉ㸭ᾮయ❅⣲ࣟࡿࡅ࠾ࣥࢪ࢚ࣥࢺࢵࢣ᥎㐍ᄇ㟝ࡣ㸪ᚤ⢏≉ᛶᄇ㟝ศᩓ≉ᛶඃ

ࠖ⨨㧗ᅽ⎔ቃᄇ㟝ヨ㦂ࠕ㈗◊✲ᡤࡣ㸬ᮏᖺᗘࡿ࠸࡚ࡋ⏝ࢆࣝࢬࣀࣞࣉࢫࣥࣇࡿ࠸࡚ࢀ

㸪2018ࡋ⏝ࢆ ᖺ 10 ᭶ 9 ᪥ࡽ 12 ᪥࡚ࡅᄇ㟝ほ ᐇ㦂ࢆᐇࡓࡋ㸬ᄇ㟝ྍࡢど

㣬 ᗘ௨ୖ࡛ࡀᗘ ࡢ㸬Ỉࡓࡗ⾜ࡾࡼᙳἲࢺࣛࢡࢵࣂࡿࡼ࣓ࣛ࢝࢜ࢹࣅ㧗㏿ᗘࡣ

ᙇ⭾㏿ᄇฟཱྀ㏆࡛ᛴࣝࢬࣀࡀᚤᑠẼἻࡢሙྜ㸪ᾮయ୰ࡿࡍᄇᑕࡾࡼࣝࢬࣀࢆ㐣⇕Ỉࡿ࠶

ᄇฟࣝࢬࣀ㸪ࡵࡓࡢࡑ㸬ࡿ࠼ࢆᙳ㡪࡞ࡁ㸪ᄇ㟝ᙧែࡾࡇ㉳ࡀ㇟⌧ῶᅽἛ㦐ࡿࡍ◚ࡋ

ཱྀ㏆ࡢᣑᙳࢆᐇࡾࡼࡇࡿࡍ㸪ᄇὶෆẼἻࡢ≧ែࢆほᐹࡓࡋࡇࡿࡍ㸬ᖺᗘ

୰ᚰࢆែ≦࠸㧗ࡀ Ỉ࡚ࡃపࡀ㸪㞺ᅖẼᅽຊ࡚ࡋ௳᮲࠸ࡍࡸࡾࡇ㉳ࡀ㸪ῶᅽἛ㦐≉ࡣ

ᐇ㦂ࢆࢱ࣮࣓ࣛࣃ㑅ᐃࡋ㸦⾲㸯㸧㸪ῶᅽἛ㦐ࡀᄇ㟝ᵝែࡿ࠼ᙳ㡪ࢆㄪࡓ㸬 
⾲ 1㸸ヨ㦂᮲௳ 

 
 
 
 

ᅗ㸯㐣⇕Ỉࣝࢬࣀࣞࣉࢫࢆ㸦ࣝࢬࣀฟཱྀᚄ 1.0 mm㸧ࡽᄇᑕࡓࡋሙྜࡢᄇὶྍど

⏬ീࡍ♧ࢆ㸬㧗㏿ᗘࡣࢺ࣮࣒࣮ࣞࣞࣇࡢ࣓ࣛ࢝࢜ࢹࣅ 75,000 fps㸪ࡣࢻ࣮ࣆࢫ࣮ࢱࢵࣕࢩ

1/1,000,000 s ࡋᄇᑕࡽ㸬๓᪉ࡿ࠸࡚ࡋᙳࡽᶓࢆᄇ㟝ࣝࢬࣀࣞࣉࢫࡣ㸬ᅗ㸯ࡓࡗ࠶࡛

ࡢ㸬ᅗ㸯ࡿ࠸࡚ࡗ࡞ᄇὶࡢ≦ࢺ࣮ࢩࡿࡍᙳࡽ㸪ᶓࡀࡿ࡞≦ᄇ㟝ᙧࡢᡪᙧࡣሙྜࡓ

ୖẁࡣᖖ Ỉᄇ㟝ࢆ㸪ୗẁࡣỈ ࡀ 423 K (150Υ)ࡢሙྜࡢ⤖ᯝࡍ♧ࢆ㸬ᄇᑕᅽຊࡣ⫼ᅽ

ࡀᕪᅽࡢ 0.6 MPa ᐃ୍ࡀ㸬ᄇᑕᕪᅽࡿ࠸࡚ࡏࡉኚ࡚ࡌᛂ㸪⫼ᅽࡵࡓࡿࡍ࠺ࡼࡿ࡞

⫼㸪ࡣሙྜࡢ㸬ᖖ Ỉࡿ࠸࡚ࡗ࡞␗ࡃࡁࡣ㸪ᄇ㟝ᵝែࡀࡿ࠶ᐃ୍࡛ࡣ㏿ὶࡢ㸪ᄇὶ࡛ࡢ࡞

ㄢ㢟␒  ྕ J18I084 
༊ศ ୍⯡ඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 

ᄇᑕᅽຊP i , MPa 0.4 ~ 1.2 
㞺ᅖẼᅽຊP a , MPa 0.1 ~ 0.7 

Ỉ ᗘT w , K 393 ~ 433 
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ᅽୖ᪼క࡚ࡗᄇὶࡢࡀࢀ࡚ࡗ࡞ࡃࡁᚤ⢏ಁࡀ㐍ࡿࢃࡀࡇࡿ࠸࡚ࡋ㸬ࡣࢀࡇ㸪⫼

ᅽୖ᪼క࠺ᄇὶ⏺㠃ࡿࡅ࠾᩿ຊቑຍࡿࡼ⏺㠃ࡢࢀቑᙉ㸪⫼ᬒᅽຊቑຍక࠺✵

Ẽᢠቑࡿࡼᾮᣑᩓࡢᙳ㡪ࡿࢀࡽ࠼⪄ࡢࡶࡿࡼ㸬㐣⇕Ỉࡣ࡚࠸࠾ῶᅽἛ㦐ࡼ

㸬ࡿࡍᏳᐃࡣ≦ᄇ㟝ᙧࡿࡏࡉቑຍࢆ㸪⫼ᅽࡽࡇࡿ࠸࡚ࡋᙳ㡪ࡃࡁࡀࢀࡢᄇ㟝ࡿ

కࢀࡑ㇟⌧ࢀࡿࡼẼᢠቑ✵ຊ᩿ࢇࡏ㠃⏺ࡣ࡚࠸࠾㸪㧗⫼ᅽୗࡽࡀ࡞ࡋࡋ

 㸬ࡿ࠸࡚ࢀࡉほᐹࡀ㇟⌧ᚤ⢏ಁ㐍࠺

 
ᅗ 1㸸⫼ᅽࡧࡼ࠾Ỉ ࡀᄇ㟝ᵝែࡿ࠼ᙳ㡪㸦ᶓࡽᙳ㸧 

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

㧗ᅽ㐣⇕Ỉࡽࣝࢬࣀࣞࣉࢫࢆ㧗⫼ᅽ⎔ቃୗᄇᑕࡓࡋሙྜࡢᄇ㟝ᵝែ࡚࠸ࡘヲ⣽

ࡇࡿࡍࡽ࡚᫂࠸ࡘᙳ㡪ࡿ࠼ᄇὶࡀ㇟⌧㸪ῶᅽἛ㦐≉㸬ࡓࡁ࡛ࡀࡇࡿࡍㄪᰝ
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Investigation of a Time Response of cntTSP Sensor for a Dynamic Visualization 

of the Laminar-to-Turbulent Boundary Layer Transition 

 

Daisuke Yorita*†, Hiroki Nagai**†† 
Christian Klein*, Koji Fujita**, Tsubasa Ikami** 

* Institute of Aerodynamics and Flow Technology, German Aerospace Center (DLR) 
**Institute of Fluid Science, Tohoku University 

†Applicant, ††IFS responsible member 
 
1. Purpose of the project 

A dynamic visualization technique of the heat transfer has great potential to 
understand complex flow physics, e.g. the laminar-to-boundary-layer transition, 
vortex shedding, flow separation and reattachment. A combination of Temperature 
Sensitive Paint (TSP) and carbon nanotube (CNT) heater, we call cntTSP, has the 
potential to visualize the heat transfer distribution over the model. German 
Aerospace Center (DLR) has been developed this cntTSP sensor and applied to 
‘stationery’ wind tunnel tests.  

In this year, three following topics are investigated for improving cntTSP sensor in 
the dynamic wind tunnel tests; (a) improving the electric resistance and heating 
homogeneity, (b) relation of separation bubble and surface temperature, (c) 
quantitative heat transfer measurement. The cntTSP sensor was applied to 2D 
airfoil model in DLR and the wind tunnel test was conducted in the low-turbulence 
heat-transfer wind tunnel facility in Tohoku University.  

 
2. Details of program implement  

A new CNT coating application with a three-milling process was performed in DLR. 
This process enabled smoother and thinner CNT layer application on the model 
surface with lower electric resistance. 

Evaluation of the cntTSP sensor was conducted at Tohoku University. The model 
was a 2D NACA0012 airfoil with an aspect ratio of 4 (prepared by DLR). Three 
airfoils with different thickness of the TSP layer were prepared for the comparison of 
the surface temperature responses to the heat transfer by the flow. Oil flow 
visualization was additionally performed for the comparison of surface flow structure 
and the temperature distribution. 

Figure 1 shows the visualization results of the surface temperature distributions 
which are generated by the boundary-layer transition. The flow is coming from the 
left with 10 m/s. In the images, the darker areas towards the trailing edge of the 
wing indicate a higher heat transfer, which is caused by the turbulent flow. Figure 2 
shows the oil flow visualization result at the model angle of attack of 5 degrees. The 
triangle and rectangular symbol show a location of the separation and the 
reattachment line of the flow. The relation between the temperature distributions 
and the separation bubble location is under discussion between the project members. 

Project code J18I085 
Classification General collaborative research 
Subject area Fundamentals 
Research period April 2018 ~ March 2019 
Project status 2nd year 
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Figure 1: Temperature distributions Figure 2: Oil flow visualization 
(AoA = 5°, model midpart) 

 
3. Achievements 

The wind tunnel test was successfully finished. 
(a) improving the electric resistance and heating homogeneity 
 Achieved 
(b) relation of separation bubble and surface temperature 
 Under discussion 
(c) quantitative heat transfer measurement 
 Under evaluating 

 
4. Summaries and future plans  

The purpose of the project in 2018 was partly achieved. 
The response time of the cntTSP to unsteady flow phenomena is still not enough 

for the frequency of the several 10 Hz. Improvement of the sensor response time is 
one topic in future investigation. In 2019, the improved cntTSP sensor will be applied 
to an oscillating airfoil to understand the dynamic stall mechanism on the airfoil. 

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

[1] D. Yorita, J. Lemarechal, C. Klein, K. Fujita and H. Nagai : Dynamic visualization 
of boundary layer transition in a pitchsweep test using a carbon nanotube TSP, 
18th International Symposium on Flow Visualization, Zurich, (2018). 

2) International and domestic conferences, meeting, oral presentation etc.  

[2] ౫⏣㍜㸪Jonathan Lemarechal㸪Christian Klein㸪⸨⏣᪸ᚿ㸪Ọᶞ㸸࣮ࣥ࣎࢝

ⓗྍどືࡢ⛣ቃ⏺ᒙ㑄ࡿࡅ࠾ヨ㦂ࣉ࣮࢘ࢫࢳࢵࣆࡢ⩼ࡓ࠸⏝ࢆTSPࣈ࣮ࣗࢳࣀࢼ

㸪➨ 46 ᅇྍどሗ࣒࢘ࢪ࣏ࣥࢩ㸪(2018), 㸦ཱྀ㢌㸧㸬 
[3] ఀ⚄⩼, ౫⏣㍜, Christian Klein, ⸨⏣᪸ᚿ, Ọ 㸸ðcntTSP ࣮ࢫ㏄ゅࡓ࠸⏝ࢆ

➨ቃ⏺ᒙ㑄⛣ィ 㸪࡞ⓗືࡢ୰ࣉ 14 ᅇᏛ㝿㡿ᇦࡿࡅ࠾ศᏊ࣒࣮࢛ࣛࣇࢢࣥࢪ࣮࣓㸪

(2019),㸦ཱྀ㢌㸧㸬 
*[4] D. Yorita, J. Lemarechal, C. Klein, K. Fujita, T. Ikami, H. Nagai : Investigation of 

Carbon Nanotube TSP for Dynamic Visualization of Boundary-layer Transition, 
Proceedings of the 18th International Symposium on Advanced Fluid Information, 
Sendai, (2018), CRF-81, pp. 168-169. 

3) Patent, award, press release etc.  
Not applicable. 
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Development of Aerodynamic and Propulsion System for High Performance Mars 

Exploration Aircraft 

 

Shinkyu Jeong*†, Hiroki Nagai**†† 
*Mechanical of Engineering, Kyung-hee University 

**Institute of Fluid Science, Tohoku University 
†Applicant, ††IFS responsible member 

 
1. Purpose of the project 

The purpose of this project is to develop the aerodynamic and propulsion system of 
mars aircraft. This year, the stability and controllability of mars aircraft are 
investigated by using both CFD and wind tunnel experiment.  

 
2. Details of program implement  

To analyze the stability and controllability of previously designed mars aircraft, 
XFLR5 code was used. According to the result, the aircraft showed longitudinal 
instability. Thus, modification of aircraft shape was performed to increase the 
stability. The area of control surface was determined by historical guideline of 
sailplane data and aerodynamic performance analysis of control surface was 
executed by using XFLR5. To verify performance of stability and controllability, the 
wind tunnel test was performed using the 1/15.5 scale aircraft model at 
low-turbulence wind tunnel in Tohoku University. 

 
3. Achievements 

As shown in Fig. 1, longitudinal static stability of KHU-3 aircraft which was 
modified for the aircraft length, incidence angle, main wing twist angle, spanwise 
length of horizontal tail wing was stable compared with that of the previously design 
aircraft. (KHU-1). 

 
Figure 1 : Cm-AoA graph of KHU-1 and KHU-3. 
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The aerodynamic coefficients of each control surface are also shown in Fig. 2. 
According to the result, the aircraft has a stable longitudinal performance and Cm is 
linear to the țe . To guarantee lateral stability, ߲݊ܥ¼߲ș must be negative. Fig. 2 
shows ߲݊ܥ¼߲șis negative and the graph of ݊ܥ and ș changes linear with ݎߜ where 
is almost independent of the Ș ݈ܥ .is rudder deflection angle ݎߜ  and șbut 
dependent of ܽߜ. Moreover, ݈ܥ is linear of ܽߜ. 
 

 
Figure 2 : Cm-AoA for elevator, Cl-ǃ for aileron, and &n-ǃ for rudder. 

 
 
4. Summaries and future plans 

Based on the geometry of previously designed Mars exploration aircraft, the control 
surface was redesigned by referencing the historical guideline. The moment 
coefficient was analyzed by XFLR5. To confirm the validity of the design, wind tunnel 
test was also performed. The data of the moment coefficient is linear on each control 
surface angle and the stability of longitudinal and lateral axis is achieved. 
For the future plans, propeller design for propulsion system will be conducted.  
 

5. Research results 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] S. Jeong, B. Won, K. Park, K. You, H. Nagai, and K. Fujita: Design of Control 
Surface for Mars Exploration Aircraft, Proceedings of the Eighteenth International 
Symposium on Advanced Fluid Information, Sendai, (2018), CRF-19, pp.38-39. 

3) Patent, award, press release etc. 

Not applicable. 
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Individual Effects of Plasma-Generated Electrical Field, Short-Life Species, and 

Long-Life Species on Cell 

   

Po-Chien Chien*, Chia-Hsing Chang** 
Takehiko Sato**††, Yun-Chien Cheng*† 

* Department of Mechanical Engineering, National Chiao Tung University 
** Institute of Fluid Science, Tohoku University 

†Applicant, ††IFS responsible member 
 
1. Purpose of the project 
     The purpose of this research is to investigate the effects of atmospheric-pressure 
cold plasma (APCP) generated electrical field, short-life species and long-life species on 
cancer cells. We believe that the study of the electric-field effect on cells by the Prof. 
Sato group (Tohoku University) and the effects of plasma-generated RONS on cells 
studied by our group will perfectly accomplish the project goals. 
 
2. Details of program implement 
     Recently, some studies have shown that plasma treatments can eliminate the tu-
mors in vivo or selectively kill cancer cells, but the mechanism is still not clear yet. To 
investigate the key factor which can induce cancer cells apoptosis, we treat cells with 
three main factors of plasma, including electric field, short-life species and long-life 
species. Our experimental setup is shown in Fig.1. Short-life species have limited pen-
etration thickness due to their life-span. Therefore, in order to treat cells with short-life 
species, we will investigate the penetration thickness of short-life species, which we 
defined as ܶ. W h e n  t h e  d i s t a n c e  b e t w e e n  c e l l s  a n d  s u r f a c e  i s  l e s s  t h a n  ܶ, t h e  c e l l  w i l l  b e  t r e a t e d  b y  
short-life, long-life species and electric field, as shown in Fig.1 (a). When the distance is 

large than ܶ, t h e  c e l l  w i l l  b e  t r e a t e d  b y  
long-life species a n d  e l e c t r i c  f i e l d , a s  
s h ow n  i n  F i g .1 (b ). F i g .1 (c ) s h ow s  a n  e x -
pe r i m e n t a l  s e t u p w h i c h  i s  u s e d  t o i n v e s t i -
g a t e  t h e  e f f e c t s  of  e l e c t r i c  f i e l d . Reactive 
species cannot penetrate agarose gel 
and the agarose gel with proper 
electrical permittivity will not 
change the electrical field inside the 
PBS. Hence, adding an agarose gel 
on PBS surface can treat the cells 
with the plasma electrical field only. 
By comparing these three experi-
ments, we can get which factors have 
the most significant impact on the 
cancer cells. 

F ig.2 (a) shows that the relation 
between the PBS thickness and pen-
etrated short-life species (.OH) con-
centration measured by terephthalic 

Project code J18I090 
Classification General collaborative research  
Subject area Health, welfare and medical care 
Research period April 2018 ~ March 2019 
Project status 1st year 

Fig. 1 (a), (b), (c): An experimental setup was 
designed to investigate the effects of reactive 
radicals (Fig. 1 (a) (b)) and electric field (Fig. 
1 (c)) on cell. 
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acid. The .OH concentration decreases as the 
PBS thickness increases and goes far to 0.6mm. 
Fig.2 (b) shows that adding an agarose gel on 
surface can block RONS penetration. When 
adding agarose gel, no H2O2 in PBS was meas-
ured. When we remove agarose gel, the H2O2 
concentration will reach 30 Ǎ0 with 80-second 
plasma treatment. Fig.2 (c) shows the measured 
voltage in PBS without agarose gel. The voltage 
is close to 90 V. Comparing it with the voltage of 
adding agarose gel (Fig.2 (d)), the voltage was 
not changed by agarose gel. 
 
3. Achievements 

We built an experimental setup, which was 
used to investigate the effects of plas-
ma-generated electric field, short-life species, 
and long-life species on cell. The maximum 
penetration depth of .OH is about 0.6mm. Aga-
rose gel can block reactive species passing 
through and will not change the voltage inside 
the liquid. 
 
4. Summaries and future plans 

We will perform the cell experiment to in-
vestigate the effects of electrical field, short-life 
species, and long-life species on cells. 
 
5. Research results (* reprint included)                              

1) Journal 

Not Applicable. 
2) International and domestic conferences, 

meeting, oral presentation etc. 
[1] H. H. S. Helal, C. Y. Chen, P. C. Chien, 

Y. C. Cheng: The Effects of Atmos-
pheric-pressure Cold Plasma Gener-
ated Short-life Species on A549 Cells, 
Global Conference on Biomedical En-
gineering, Taoyuan, (2018). 

*[2] H. H. S. Helal, C. Y. Chen, P. C. Chien, 
C. H. Chang, Y. C. Cheng, J. S. Wu, T. 
Sato: The Effects of Atmospher-
ic-Pressure Cold Plasma Generated 
Short-Life Species on A549 Cells, 
Proceedings of the Eighteenth Inter-
national Symposium on Advanced 
Fluid Information (AFI-2018), Sendai, 
(2018), CRF-65, pp. 136-137. 

3)  Patent, award, press release etc. 
(Patent)  Not applicable. 
(Award)  Not applicable. 
(Press release)  Not applicable. 
 

(a ) 

(b)  

(c ) 

(d)  

Fig.2 (a) shows the relation 
between the PBS thickness and 
penetrated .OH concentration. 
Fig.2 (b) shows that adding 
agarose gel on surface can pre-
vent reactive species from pen-
etrating through and Fig.2 (c) 
(d) show that agarose gel will 
not change the voltage inside 
the PBS. 
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penetration depth of .OH is about 0.6mm. Aga-
rose gel can block reactive species passing 
through and will not change the voltage inside 
the liquid. 
 
4. Summaries and future plans 

We will perform the cell experiment to in-
vestigate the effects of electrical field, short-life 
species, and long-life species on cells. 
 
5. Research results (* reprint included)                              

1) Journal 

Not Applicable. 
2) International and domestic conferences, 
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[1] H. H. S. Helal, C. Y. Chen, P. C. Chien, 

Y. C. Cheng: The Effects of Atmos-
pheric-pressure Cold Plasma Gener-
ated Short-life Species on A549 Cells, 
Global Conference on Biomedical En-
gineering, Taoyuan, (2018). 

*[2] H. H. S. Helal, C. Y. Chen, P. C. Chien, 
C. H. Chang, Y. C. Cheng, J. S. Wu, T. 
Sato: The Effects of Atmospher-
ic-Pressure Cold Plasma Generated 
Short-Life Species on A549 Cells, 
Proceedings of the Eighteenth Inter-
national Symposium on Advanced 
Fluid Information (AFI-2018), Sendai, 
(2018), CRF-65, pp. 136-137. 
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(a ) 

(b ) 

(c ) 

(d ) 

Fig.2 (a) shows the relation 
between the PBS thickness and 
penetrated .OH concentration. 
Fig.2 (b) shows that adding 
agarose gel on surface can pre-
vent reactive species from pen-
etrating through and Fig.2 (c) 
(d) show that agarose gel will 
not change the voltage inside 
the PBS. 
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1. Purpose of the project 

Based on the NDE system developed in previous year’s projects, the aim of this 
research is to evaluate the feasibility of different electromagnetic NDE methods, such 
as the magnetic Barkhausen noise method, magnetic incremental permeability method, 
magnetic flux leakage method, eddy current testing method etc. for quantitative 
evaluation of the fatigue damage in carbon steel and/or stainless steel used in the 
nuclear power plants through experiments, and to investigate the influence of the 
fatigue damages on the NDE of plastic deformation through ENDE method. 
 
2. Details of program implement  

In this year’s project, the correlation of plastic deformation and fatigue damages 
with the eddy current testing (ECT) and pulsed ECT (PECT) signals for the SUS304 
austenitic stainless steel was investigated experimentally. Test-pieces with different 
plastic strains and fatigue damages were fabricated through cyclic loads of different 
amplitude and cycle numbers, and the corresponding ECT and PECT signals were 
measured with the experimental equipment in both the XJTU and THU side. The 
correlation between the NDE signals and the mechanical damages was summarized 
based on the experimental results. 

At first, experimental results for correlation between the pulsed ECT signals and 
the residual plastic strains and/or fatigue damages are illustrated in Fig.1 a) and b) for 
uniaxial test-pieces. Though there was a relative larger variation in signal values for 
cases of fatigue damage, the tendencies of both the correlation curves for plastic damage 
and fatigue damage are the same. These results reveal that there is a good possibility to 
evaluate the mechanical damage including fatigue with the PECT method.  

 
a ) E C T  s i g n a l s          b ) P E C T  s i g n a l s    c ) P l a s t i c  d e f or m a t i on     d ) F a t i g u e  d a m a g e s  

Fig.1 Correlation of peak PECT signals with the residual strains and fatigue damages for 
uniaxial TPs (a and b), and Correlation of ECT signals with the mechanical damage for 
biaxial test-pieces (c and d) 

Project code J18I091 
Classification General collaborative research 
Subject area Environment and energy 
Research period April 2018 ~ March 2019 
Project status 1st year (progressing) 

－ 139 －



Second, the experimental results for correlation of the ECT and PECT signals with 
the residual plastic strain for the biaxial test-pieces are shown in Fig.1 c) and d). The 
correlation of uniaxial TPs for fatigue damages are also given in the figures for 
reference. From these figures, it is clear that both the ECT and PECT signals get 
increased with the plastic and fatigue damages and applicable to evaluate the changing 
rate of residual plastic strain and fatigue damages. 
 
3. Achievements 

In this year’s project, the influence of mechanical damage on ECT and PECT was 
studied experimentally for the 304 stainless steel. From experimental results, it is 
found that both the plastic and fatigue damage give similar influence on ECT and PECT 
signals, which reveals a good possibility to be applied for NDE of damage in 304 
stainless steel. In addition, for case of biaxial TPs, though both the correlations of ECT 
and the PECT signals with the mechanical damages depend on the measurement 
direction, the correlations between the signals and the damage changing rates are 
almost independent of probe orientation. 
 

4. Summaries and future plan 

Based on the experimental results of this year’s project, it was clarified that the 
plastic deformation and fatigue damage in SUS304 austenitic stainless steel are 
possible to be evaluated by using the PECT and ECT signals. The influence of fatigue 
damages on the NDE signals of the MFL, MBN and MIP methods are to be studies for a 
ferromagnetic material such as the RAFM steel. In the future, the nondestructive 
evaluation of fatigue damage in a ferromagnetic material will be studied by using the 
integrated electromagnetic NDE method and a signals fusion approach. 
 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 
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1. Purpose of the project 

The purpose of the project is to understand the mechanism of coupling wall-effect on 
multidirectional wings, and provide the key theoretical direction and basis for the 
further study and development of the innovative aero-train system. 
 
2. Details of program implement  

The aerodynamic optimization design of LA203A is first carried out by using genetic 
algorithm and numerical simulation method, and the influences of the ground clearance 
and the attack angle on the drag, lift and lift-drag ratio of the unidirectional aero-train 
were obtained. And then, CFD used to investigate the aerodynamic characteristic of the 
aero-train model (AERO-1, as shown in Fig. 1) with initial wings and optimized wings 
and the flow field characteristics around the front and rear wing. Finally, the force test 
and flow visualization were carried out in Jilin University wind tunnel (as shown in Fig. 
2) to verify the CFD results and observe the flow details. 
 

     
Fig. 1: T h e  r e s e a r c h  m od e l  A E R O -1 F i g . 2:  W i n d  t u n n e l  t e s t  c a r r i e d  ou t  i n  J i l i n  U n i v e r s i t y  

 
 
3. Achievements 

As shown in Fig. 3 and 4, the lift-drag ratio of the airfoil optimized by genetic algorithm 
method is higher than those of the initial airfoil in different attach angles and ground 
clearances. The optimization effect is more obvious in the range of attach angle from 5 
to 6.5 degree, when the When the lift-drag ratio can be improved by about 26%; because 
the rear airfoils are immersed in the wake turbulence flow of the front airfoils, the 
nonuniform incoming flow will bring unstable effect on the aerodynamic characteristic 
of rear airfoils, which leads to the change of front and rear lifts, and may result in the 
flutter of airfoil. 
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Fig. 3  CL/CD values with different 

angles of attach 
Fig. 4 CL/CD values with different ground 

clearances 
 
 
This work revealed the change low of state aerodynamic load for the wings of aero-train 
under different design proposal, and has important significance to build the theory 
model of boundary layer flow for unidirectional wing. 
 

4. Summaries and future plans 

Summaries: an airfoil was optimized by using genetic algorithm and numerical 
simulation method, and the optimized airfoil was installed in an aero-train model to 
numerical and experimental evaluate the aerodynamic performance with different 
attach angles and ground clearances. The results shows that the model with optimized 
airfoil can largely improve the lift-drag ratio, and the rear airfoils may be largely 
influenced by the wake flow of front airfoils. 
Future plans: take appropriate methods to analyze, deepen and expand the bionics 
phenomenon of Wing-In-Ground phenomenon; clarify the dynamic characteristic of the 
boundary layer transition under the acting of Coupling Wall-effect on Multidirectional 
Wings (CWMW), obtain the transient topologies of the separated flow and the eddy 
motions generated on the end of the multidirectional wings and on the wake of the 
aero-train, define the inherent mechanism and the laws of the flow of CWMW, and 
structure the related theoretical modes. 
 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 
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1. Purpose of the project 

The project was submitted as a preliminary study in comprehending the 
agglomeration phenomena in biolubricant-nanoparticle solution. Using molecular 
dynamic simulation, we observed the dispersibility of nanoparticles through an MSD 
and RDF graphs. In order to get a good prototype of nano-biolubricant we tried to 
predict the most stable mixture.  

 
2. Details of program implement  

We spend nearly one month (26th October-24th November) in IFS to learn how to build 
molecules using Moltemplate properly. We took part in the group meetings so we 
have our work reviewed. We also tried their new developed AMBER FF for our fatty 
acid molecule. Below are the visualization of our Moltemplate works: 

 
 
 
 
 

    
    (a)                     (b) 

 
 
 
 
 
 
 

     
                    (c)      

Figure 1 : (a) Single trimethylolpropane trioleate, TMPTO (long fatty acid) chain; (b) 
TMPTO system in 90A x 80A x 70A simulation box; (c) system is equilibrated in NPT 

ensemble 
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3. Achievements 

  
 
 
 
 
 
 
 
 
 

   (a)     (b) 
 
   Figure 2 : (a) MSD graph (b) Density profile 
 
4. Summaries and future plans 

 
Table 1 : Kinematic viscosities 

 

T [oK] Viscosity 
[cSt] Viscosity [cSt] 

 Simulation Reference 
 313 49.69 45-55 
 373 27.99 9-10 

 

 

Continuing the previous work, using the same approach, next plan will focus on the 
assessing the rheological properties of nano biolubricants under confined wall. By 
knowing the properties we can understand the mechanism of how nanoparticles can 
improve the anti-wear and reduce the friction. In most studies this mechanism is 
predicted by experiment phenomena without sufficient fundamental theory. This 
simulation is need to be done since rheological studies could not covered by experiments 
because of its small scale lubricant film. Molecular dynamic simulation allows us to 
study the micro flow beside its dynamic behaviour in atomic scale. 
 
5. Research results (* reprint included) 
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1. Purpose of the project 

Surface modification and control are most important techniques for enhancing 
output performance of triboelectric nanogenerators (TENGs). To improving 
performance, previously, the surface functionalization of triboelectric materials has 
been conducted using plasma, self-assembled monolayer, ionized gas injection and 
corona discharging methods. These techniques can dramatically enhance the output 
performance based on formation of active surface charges. However, this means that 
the surface is not stable and sustainable. In this project, therefore, we investigate a 
new way for enhancing both output performance and durability using neutral beams 
(NB). This project has three objectives: (1) Investigation of the effects of NB 
treatment on performance of TENGs; (2) Characterization and Optimization design 
of NB treated triboelectric materials; (3) Evaluation of NB treated TENGs 
(NB-TENGs). 

 
2. Details of program implement 

NB treatment was proceed to modify the surface properties of two different 
triboelectric materials. To understand the effects of NB treatment on TENG, the 
following actions were progressed: 
 
(1) Fabrication of NB and plasma treated polymers: 
Surface of two different polymers (i.e. Polydimethylsiloxane (PDMS) and 
thermoplastic polyurethane (TPU)) were modified by O2 and N2 gases based NB. To 
define the proper condition for modifying polymers, the beam energy was controlled 
by changing DC bias. For plasma treated polymers, the same gases were used and 
the beam energy was controlled by gas pressure.  
(2) Triboelectric performance: 
We controlled the contact area, frequency and load to be 300 mm2, 2.5 Hz, and 5 N, 
respectively. Based on the material group, the individual performance was evaluated 
and combination tests of NB treated polymers were conducted. Furthermore, we 
compared the triboelectric performance between NB and plasma treatment based 
TENGs. 
(3) Characterization: 
Physical and chemical properties of NB and plasma treated polymers were obtained 
by XPS, KPFM and AFM. Chemical changes were analyzed by obtaining chemical 
bonding and physical changes were defined by surface roughness, surface image 
analysis, and surface potential measurement. 
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Figure 1 : Power density of (a) pristine PDMS-TPU composed TENG and (b) NB treated 

polymer based TENG, (c) aging issue of plasma and NB treated TENG 
 
 
3. Achievements 

Figure 1a and 1b show the power density of pristine PDMS-TPU based TENG and 
NB treated TENG. The pristine TENG could produce electricity of 0.097 ǍW/cm2 at 
load resistance of 7 Mƺ. After NB treatment, the power density was measured as 
19.2 ǍW/cm2 at load resistance of 40 Mƺ, which is improved over 197 times than 
pristine TENG. This enhancement can be achieved by change of surface 
potential.vN2 gas based NB treatment decrease the surface potential. This means 
that positive tribo-materials can donate more electrons to others. O2 based NB 
treatment makes large surface potential. Therefore, negative tribo-materials can 
obtain more electrons on the surface. Figure 1c indicates the aging issue of NB and 
plasma treated TENGs. Right after fabrication, the output performance of plasma 
treated TENG was 1.4 times larger than NB treated TENG due to the additional 
surface charges from active site. However, the performance was significantly dropped 
during three months due to the loss of active site by air. Compared to plasma treated 
TENG, performance of NB treated TENG slowly decrease due to low electrical defect. 
In short time, thus, the plasma treatment has an advantage but the NB treatment is 
valid for long-time targeted TENGs. 

 
4. Summaries and future plans 

We confirmed optimum NB process for improving triboelectric behavior of TPU and 
PDMS. After NB process, the power density was enhanced over 197 times than 
pristine PDMS-TPU based TENG. NB treated TENGs has an advantage of long-time 
operation compared to plasma treatment. Based on these results, we will conduct an 
interfacial engineering for improving TENG performance.  
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In short time, thus, the plasma treatment has an advantage but the NB treatment is 
valid for long-time targeted TENGs. 

 
4. Summaries and future plans 

We confirmed optimum NB process for improving triboelectric behavior of TPU and 
PDMS. After NB process, the power density was enhanced over 197 times than 
pristine PDMS-TPU based TENG. NB treated TENGs has an advantage of long-time 
operation compared to plasma treatment. Based on these results, we will conduct an 
interfacial engineering for improving TENG performance.  

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] W. Kim, H.-W. Park, H.J. Hwang, K.-B. Chung, T. Okada, S. Samukawa, D. Choi: 
Neutral beam treatment improved contact electrification for dramatically 
enhancing triboelectric performance, Proceedings of the Eighteenth International 
Symposium on Advanced Fluid Information, Sendai, (2018), CRF-47, pp. 96-97. 

3) Patent, award, press release etc.  

Not applicable. 
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1. Purpose of the project 

The present study is aimed to extract research challenges to capture pressure 
distribution of a free flight object in a ballistic range facility. There are mainly four 
challenges to overcome: #1 to shoot an aerodynamic model in a ballistic range, #2 to 
capture the free flight motion, #3 to capture luminescent images of the object during 
the flight, and #4 to obtain pressure distribution from the luminescent images. When 
successful, the measurement technique from the present study can be applied to 
understand unsteady aerodynamic phenomena in free flight. 
Within the project term, we were successful to achieve #1 thorough #3: a luminescent 
image was successfully captured. The main challenge for the next step was extracted, 
which will be to improve the uniformity of two-luminescent outputs. The results 
obtained from the present study was valuable to continue to the next steps to achieve 
challenge #4. 

 
2. Details of program implement 

To establish a pressure measurement technique over a free flight object, we focused 
on a luminescent imaging technique. We can apply a chemical sensor called 
pressure-sensitive paint (PSP) over an object. It is non-intrusive so that an 
installation of mechanical and electrical instruments into an object can be avoided. 
We applied a motion-capturing method to capture a pressure distribution over a free 
flight object. It acquires two luminescent images to extract the pressure distribution 
over an aerodynamic object [H. Sakaue, K. Miyamoto, T. Miyazaki, Journal of 
Applied Physics, 113 (2013), 084901]. To apply this method for a ballistic range, it is 
necessary to overcome four challenges as follows: 
1. To shoot a free flight object 
2. To capture a free flight object with imaging device 
3. To capture a luminescent image from the free flight object 
4. To extract a pressure distribution from the luminescent image 
Fig.1 shows the implementation of the program. The ballistic range facility at 
Institute of Fluid Science, Tohoku University, was used. The projectile was consisted 
of a sphere with 30-mm in diameter covered by a sabot. The test chamber was 
evacuated to 50 kPa, and the projectile was shot at Mach 1.5. 
From an optical window of the test chamber, the luminescent images of the projectile 
were captured by a high-speed color camera. Two UV LED pulses with 1 ms in 
duration were given to illuminate the model trajectory. These LED sources were 
mounted inside the ballistic range facility to increase the illumination power to the 
projectile. The camera acquired the trajectory at the frame rate of 30,000 to 100,000 
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FPS with the camera exposure time of 2.5 to 30 Ps. 
 

 
 

 

Figure 1 : 
Implementation 
of the program. 

Figure 2 : Pressure 
sensitivity of the test 
article. 

Figure 3 : 30 ߤs (left) vs. 5 ߤs (right) 
exposure time image ratios. 

 
3. Achievements 

A new two-color PSP based on pyrene was developed and used in the current study. 
With the current setup described in the previous section, we could improve the signal 
level of luminescent images to achieve the challenge #3: capturing luminescent 
images of the object during the flight. Fig. 2 shows an a priori pressure calibration of 
the developed two-color PSP. It was obtained by changing the pressure in the test 
chamber from 40 to 80 kPa. From the calibration, it is shown that our two-color PSP 
model has a good pressure sensitivity, given by the slope of the ratio curve in Fig. 2. 
Fig. 3 shows luminescent ratio images of the free-flight model. The left image shows 
an image using a 30 ߤs exposure time, whereas the right image was produced with a 
 ,s exposure time. In both cases the model was moving at approximately 500 m/sߤ 5
meaning that for every ߤs of exposure time the model moves approximately 0.5 mm. 
By using shorter exposure times blurring is greatly reduced, in this case reducing the 
apparent elongation by up to 25%. When the images are not blurred, a pressure 
calibration makes it possible to extract pressure distribution data over the model. 

 
4. Summaries and future plans 

The current project proved that it is possible to capture a clear luminescent image of 
a test model moving at Mach 1.5 in a ballistic range. In order to capture these images, 
a combination of a short exposure time and fast frame rate were used. 
The next challenge is to apply the two-color PSP more consistently to the model to 
give a uniform coating. This would ensure more uniform emission intensity, allowing 
for a quantitative surface pressure analysis. 
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3) Patent, award, press release etc.  

Not applicable. 
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ⅆᫍࣜ࣊のᐇ⌧を目ᣦしたྠ㍈㌿ࣟーࢱーの研究㛤Ⓨ 
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Ọ 大ᶞ*†，⸨⏣ ᪸ᚿ* 
⡿⃝ ᏹ一**†† 

*東北大学流体科学研究所，**㟁力中ኸ研究所ᆅ⌫工学研究所流体科学㡿ᇦ 

†申請者，††所እ対応研究者 

 

1. 研究目的 

本研究では，ⅆᫍ࣊リの実⌧を目指した同㍈㌿ローターの研究㛤発を行うことである．⌧ᅾ，

ⅆᫍはୡ界でὀ目されており，ᵝࠎな᥈ᰝが提案されている，その中でも飛行機を用した飛行

᥈ᰝが JAXA により提案されて，ᡃࠎもཧ画している．その㛤発の中で，ᡃࠎはⅆᫍ⎔境に≉化

した≉Ṧなࣉロ࣌ラの研究㛤発に成ຌした．回の提案では，この成果に基づき，ࣉロ࣌ラを

用した᪂たな࣊リࣉࢥタータࣉの飛行᥈ᰝも提案することを目指している．たࡔし，ⅆᫍの大

Ẽᐦ度はᆅ⌫の 1/100 程度であること，また，の᥈ᰝ機とともにⅆᫍに㐠ࡪᚲせがあることか

ら，できる㝈りࢥンパクトで高᥎力な方式がᚲ㡲である．そこでᡃࠎは，同㍈㔜㌿方式に╔

目し，᳨ウを㐍めることとした． 
本研究では，この㔜㌿ローターを〇సし，᥎力計 の実験を行うことと，流れ場の解析を

行う．加えて，数値計算とのẚ㍑を行うことで，より高᥎力を得られる，ロータ㓄置や形状を᳨

ウし，体ࢩスࢸムタ計にࣇーࣂࢻックすることを目的とする． 
 
2. 研究成果の内容 

本年度は，初年度として㸦1㸧ⅆᫍの⦪✰ᆅୗ✵Ὕ᥈ᰝを目指したⅆᫍ࣊リࣉࢥターのᴫᛕ᳨ウ，

㸦2㸧同㍈㔜㌿ローターのタ計および実験置の〇స，㸦3㸧ローターの᥎力計 ヨ験，を行っ

た．≉にローターの᥎力ヨ験では，まずࢩンࢢルローターにおいて，ブレーࢻ⩼ᆺ，ス࣌クト

ẚ，ᯛ数なを変えて，᥎力ಀ数やトルクಀ数を計 した．この結果をもとに，同㍈㌿ロータ

ーのㅖඖを決定し，その᥎力やトルクಀ数を計 した㸦図 1㸧．また，࣊リࣉࢥタをⅆᫍエントリ

ーカࢭࣉルに⣡すべく，上㠃㸭ୗ㠃のローター㊥離を変えてヨ験も実した㸦図 2㸧．その結果，

᥎力とローター間㊥離の関ಀが明らかとなり，ⅆᫍ࣊リࣉࢥターのᴫᛕタ計にᫎできる知ぢを

得ることがฟ᮶た． 
 
�. 研究目ᶆの㐩成≧ἣ 

年度はヨ験置の〇సに定௨上の時間をせし，ロータ回りの流れ場を解析するண定であっ

たCFD を実するための᮲௳タ定まで฿㐩できなかった．しかし，実験⮬体は一㏻り実するこ

とができ，CFD ẚ㍑᳨ドのためのデータは༑分ྲྀ得することができた．これにより，次年度の研

究にスムーズに╔手することが可能となった． 
 

課題番号 J18I102 
区分 一般共同研究 

課題分野 ே・≀㉁マルࢳスࢣールモࣅリࢸ分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目 
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 ᚋのㄢ㢟ࡵࡲ .�

 年度は，ⅆᫍ࣊リࣉࢥタのᴫᛕタ計᳨ウおよび実験置の〇స，実験まで実することがで

きた．その成果は，ᅜ内・ᅜ際㆟においてྜࡏࢃて 8 ௳の発表を行い，また年度ᮎには，関㐃

する研究者を㞟め，➨ 1 回ⅆᫍ࣊リࣉࢥタ研究を㛤ദすることができた． 
 次年度は，࣊リࣉࢥターのローターブレーࢻ࿘りの流れ場の可視化実験とCFD を実し，᥎㐍

効⋡の向上を目指すとともに，実験結果をもとにࢩスࢸム解析を㐍めることで，大ᆺ研究㈝の

提案‽ഛを㐍めていくண定である． 

  
図㸯㸸同㍈㔜㌿ローターの᥎力ಀ数 図㸰㸸᥎力とローター間㊥離の関ಀ 

 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 
なし 

2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 

[1] R. Aoki, A. Oyama, K. Fujita, H. Nagai, K. Kanou, N. Inoue, S. Sokabe, M. Kanazaki, K. 
Tomisawa, K. Uwatoko : Conceptual Helicopter Design for Exploration of Pit Craters and 
Caves on Mars, AIAA SPACE and Astronautics Forum and Exposition, Orlando, FL, USA, 
(2018), AIAA 2018-5362, 2018/9/18, Oral Presentation. 
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1. Purpose of the project 

 Ẽ㇟⌧㇟ࡸᏱᐂὶయ⌧㇟࡚࠸࠾ᙉࡢ ࠸ᯝࡍࡓᙺࡀὀ┠ࡿ࠸࡚ࢀࡉ㸬᭱ࡣࢀࢃࢀࢃ

㏆㸪ᐦᗘᡂᒙὶయ୰ࡢ࿘ᮇⓗ࡞ ὶࡢࢀᒁᡤᏳᐃᛶゎᯒࡾࡼ᪂࠸ࡋᆺࡢᏳᐃᛶࢆⓎぢ

ࣛࣃࡿࡍ⌧Ⓨ࡛ࡇࡿࢃຍࡀຠᯝࢺࣇࢩ┦ࡢෆ㒊㔜ຊἼ᭤ᆺᏳᐃᛶࡣࢀࡇ㸬ࡓࡋ

┦ࡢἼື᭤ᆺᏳᐃᛶࠊࡁᇶ࡙ᡂᯝࡢࡇ㸪ࡣ࡛✲◊㸬ᮏࡿ࠶ඹ㬆Ᏻᐃᛶ࡛ࢱ࣓

ࢫࢡ࣑ࢼࢲࡢ ࠸ᙉࡀᏳᐃᛶ㸦ᡂᒙ᭤ᆺᏳᐃᛶ㸧ࡢᆺ࠸ࡋ᪂ࡿࡼຠᯝࢺࣇࢩ

ᡂᒙᙉᗘ౫Ꮡᛶ㸪㠀⥺ᙧࡢ⋠ᡂ㛗ࡢࡑࢻ㸬Ᏻᐃᅛ᭷࣮ࣔࡿࡍゎ᫂ࢆᙺࡍࡓᯝ࡚࠸࠾

㡿ᇦࡿࡅ࠾㛫Ⓨᒎ㸪ὶࡢ㑄⛣㐣⛬ࢆ᫂ࡿࡍࡽ㸬 
 
2. Details of program implement  

2.1 Plan of the Project 

᭤ᆺࡳࡼⅬࡘࡶࢆᐦᗘᡂᒙὶ࡚࠸ࡘ㸪᭤ᆺᏳᐃᛶෆ㒊㔜ຊἼࡢ┦ࢺࣇࢩ

ຠᯝࡾࡼⓎ⌧ࡿࡍᡂᒙ᭤ᆺᏳᐃᛶࢆ㸪(1) ᅛ᭷࣮ࣔࢻᏳᐃᛶゎᯒ㸪(2) ┤᥋ᩘ್࣑ࢩ

㸪(a) 2 ḟඖ࿘ᮇ ิ㸦2࡚ࡋ㇟ゎᯒᑐ࡞㸬ලయⓗࡿࡍゎᯒࡾࡼࣥࣙࢩ࣮ࣞࣗ ḟඖࢸ

⏕ⓎࡾࡼᏳᐃࡢ㸪ΰྜᒙิ ࢺ࣮ࣗࢳࢫ㸧㸪(b) 1 ḟඖ࿘ᮇ ิ㸦 ࣮ࣥࣜࢢ࣮ࣛ

 㸬࠺ᢅࢆ㸧ࣝࢹࣔࡢิ ࡿࡍ
2.2 Global stability analysis by Krylov method 

ࢱ࣓ࣛࣃࡓࢀࡽ࠼ᑐࡶ࡚᭱ࡋᏳᐃࡢᩘ「ࡃ࡞࡛ࡅࡔࢻ࣮ࣔ࡞Ᏻᐃ࣮ࣔࢆࢻồࡵ

ᅛ᭷್࡞㔜せࡿࡍᨭ㓄ࢆᏳᐃᛶࡾࡼἲࢹࣝࣀࣝ㒊ศ✵㛫ἲࣇࣟࣜࢡ㸪ࡵࡓࡿ

 㸬ࡓࡋ⏝᥇ࢆ᪉ἲࡿࡵồࢆ
 Fig. 1  2 ḟඖ࿘ᮇ ิࡢᏳᐃ࣮ࣔࡢࢻᡂ㛗⋡ࡢἼᩘ౫Ꮡᛶࡍ♧ࢆ㸬ࢺࢡ࣌ࢫẚࡀ 1
࡛ᴃᆺᏳᐃᛶࡀⓎ⌧࠸࡞ࡋሙྜ࡛ࡾ࠶㸪ࣞࡣᩘࢬࣝࣀ 㸬㠀ᡂᒙ㸦Fh-1=0㸧ࡿ࠶105࡛
ࡣࢻᏳᐃ࣮࡚ࣔ࠸ࡘἼᩘྛࡣሙྜࡢ 1 ಶࡣࡓࡲ 2 ಶࡀࡿ࠶࡛ࡳࡢ㸪ᡂᒙࡿ࠸࡚ࡋሙ

ྜ㸦Fh-1=5㸧ࡣከᩘࡢᏳᐃ࣮ࣔࡀࢻᤊࡿࢃࡀࡇࡿ࠸࡚ࢀࡽ࠼㸬ᒁᡤᏳᐃᛶゎᯒ࡛

᭤࡞ὶయຊᏛⓗ㸪⣧⢋ࢀࢃࡽ࠶ከᩘࡀࢻ࣮ࣔࡢ㸪ᡂᒙ᭤ᆺᏳᐃᛶ࠺ࡼࡓࢀࡉ♧

ᆺᏳᐃᛶࡶࡾࡼᙉࡿࢃࡀࡇ࠸㸬 
㸪1ࡓࡲ  ḟඖ࿘ᮇ ิྠࡶ࡚࠸ࡘᵝᡂᒙ᭤ᆺᏳᐃᛶࡀࢻ࣮ࣔࡢᏑᅾࡀࡇࡿࡍ☜

ࡀࡇ࠸ᙉࡀ᪉ࡢ᭤ᆺᏳᐃᛶ࡞ὶయຊᏛⓗ⣧⢋ࡣሙྜࡢࡇ㸪ࡋࡔࡓ㸬ࡓࢀࡽࡵ

 㸬ࡓࡗࢃ
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Figure 1 : Growth rate obtained by Krylov method.  (Left) Fh-1=0, (right) Fh-1=5.  

 
 
3. Achievements 

Ẽ㇟⌧㇟࣭ᝨᫍẼ࣭Ᏹᐂὶయ⌧㇟࡚࠸࠾㔜せ࡛ࡿ࠶ᐦᗘᡂᒙࡀὶࡢࢀᏳᐃᛶཬࡰ

ᣲື࣭㐍㊰/ᡂࡢᕳ❲ࡸ㸪ྎ㢼ࡾࡼࢀࡇ㸬ࡓࡗ࠶ⓗ࡛┠ࡢ✲◊ᮏࡀࡇࡿࡍゎ᫂ࢆຠᯝࡍ
㛗ண ࡢ⢭ᗘྥୖ㈉⊩ࡋ㸪ᮌᫍࡢ㛗ᑑ ࡢ⥔ᣢ࣓ࡢ࣒ࢬࢽ࢝ゎ᫂ࢆཱྀ◚✺ࡢษࡾᣅࡃ

ࢨࢢࢪࡿ࠸࡚ࢀࡽ▱࡚ࡋᏳᐃᛶࡢ᭷≉ ࡢ㸪ᐦᗘᡂᒙὶ୰ࡽࡉ㸬ࡓࡋᶆ┠ࢆࡇ

 㸬ࡓࡗ࠶ⓗ࡛┠ࡶࡇࡿࡍࡽ᫂ࡶࢆ※㉳ࡢᏳᐃᛶࢢ
ᖺᗘࡣ࡛✲◊ࡢ⥺ᙧᏳᐃᛶࡢヲ⣽ࢆゎ᫂ࡇࡿࡍᡂຌࡓࡋ㸬ࣇࣟࣜࢡ㒊ศ✵㛫ἲ

ࡢࡑᆺࡢ㸪Ᏻᐃᛶࡁ࡛ࡀࡇࡿ࠼ᤊࢆࢻᏳᐃᅛ᭷࣮ࣔࡢᩘ「ࡾࡼἲࢹࣝࣀࣝ

ᛶ㉁ࡀᡂᒙࡢᙉ࠺࡚ࡗࡼࡉኚࢆࡿࡍ᫂ࡓࡁ࡛ࡀࡇࡿࡍࡽ㸬୍᪉࡛㸪┤᥋ᩘ

 㸬ࡓࡗࡲࡳࡢࡿࡍࢆഛ‽ࡣ✲◊ࡢ㠀⥺ᙧ㛫Ⓨᒎࡿࡼࣥࣙࢩ࣮࣑ࣞࣗࢩ್
 
4. Summaries and future plans 

᭤ᆺࡳࡼⅬࡘࡶࢆᐦᗘᡂᒙὶ࡚࠸ࡘ㸪᭤ᆺᏳᐃᛶෆ㒊㔜ຊἼࡢ┦ࢺࣇࢩ

ຠᯝࡾࡼⓎ⌧ࡿࡍᡂᒙ᭤ᆺᏳᐃᛶࢆ㸪ᅛ᭷࣮ࣔࢻᏳᐃᛶゎᯒࡾࡼㄪࡓ㸬2 ḟඖ

࿘ᮇ ิࡧࡼ࠾ 1 ḟඖ࿘ᮇ ิࢆᑐ㇟ࡋ㸪」ᩘࡢᏳᐃᅛ᭷࣮ࣔࢀࢃࡽ࠶ࡢࢻ᪉ࡀᡂᒙ
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Figure 1 : Growth rate obtained by Krylov method.  (Left) Fh-1=0, (right) Fh-1=5.  
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1. Purpose of the project 

This project is a second year project and aims to investigate the design and 
improvement of gas mixing in micromixers using pressure-sensitive paint technique. 
Different designs of micromixers with boundary obstruction are applied to 
understand the mixing enhancement and further application with different gases. 
 

2. Details of program implement 

This project is the continued collaboration project following the study of using 
pressure-sensitive paint (PSP) technique on the flow visualization and mixing 
quality measurement in micromixers. This year the continued research focuses on 
optimization of using boundary obstruction for gas mixing enhancement. Triangular 
structures were selected with different front and back angles and positioned at the 
side wall of micromixers in the mixing channel. The micromixers is a T-type 
micromixer with boundary obstruction. Numerical simulation with commercial 
software ANSYS has been used for understanding the effect of boundary obstruction 
and different gases mixing, as Fig. 1. The mixing qualities of oxygen and different 
gases have been investigated and the optimal font and back angles have been 
identified as Fig. 2. The triangular structure with front angle of 90 degree and back 
angle of 50 degree has been selected for further study which can provide the mixing 
quality over 90% at micromixer exit with less than 15 kPa drop between micromixer 
inlet and exit. The distance between each triangular structure has also been 
discussed and 1.8 mm was found as the best mixing quality improved to 97% and less 
pressure drop of 11 kPa. 

 
Figure 1 : The contours of oxygen concentration of oxygen and nitrogen mixing in 

micromixers with different front and back angles. 
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Figure 2 : The mixing efficiency of oxygen and nitrogen mixing at micromixer exit with 

different front and back angles. 

 
Figure 3 : The comparison of PSP experiment and numerical simulation. 

 
3. Achievements 

Detailed mixing efficiency and flow field with different gases mixing in novel design 
of mixing channel with triangular obstruction have been studied with numerical 
simulation of ANSYS. Preliminary PSP results have been acquired with good 
agreement with simulation. 

 
4. Summaries and future plans 

In this project, the effect of triangular obstruction in micromixers has been identified 
with detailed information of mixing profile and pressure loss. To further improve the 
mixing efficiency and suitable for different kinds of gas mixing, the obstruction at 
center of mixing channel will be examined. However, it will require more advanced 
method using MEMS technology with precision fabrication. 

 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 
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CRF-88, pp. 182-183. 
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Figure 2 : The mixing efficiency of oxygen and nitrogen mixing at micromixer exit with 

different front and back angles. 

 
Figure 3 : The comparison of PSP experiment and numerical simulation. 

 
3. Achievements 

Detailed mixing efficiency and flow field with different gases mixing in novel design 
of mixing channel with triangular obstruction have been studied with numerical 
simulation of ANSYS. Preliminary PSP results have been acquired with good 
agreement with simulation. 

 
4. Summaries and future plans 

In this project, the effect of triangular obstruction in micromixers has been identified 
with detailed information of mixing profile and pressure loss. To further improve the 
mixing efficiency and suitable for different kinds of gas mixing, the obstruction at 
center of mixing channel will be examined. However, it will require more advanced 
method using MEMS technology with precision fabrication. 
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Applications 
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1. Purpose of the project 

According to the achieved results of the collaborative research projects in years 
2015-2018, we in this project successfully explore the electrical and physical 
properties of neutral-beam-etching (NBE) fabricated nanodisks (NDs) by solving a 
set of electronic transport and quantum mechanical equations. The key findings of 
this project show promising characteristics of the explored nanometer-scaled 
materials for advanced applications of thermoelectric materials and devices. 

 
(a)                 (b)                          (c) 

Figure 1 : (a) A high-density array of SiNWs with a 10-nm diameter embedded in SiGe0.3 
using bio-template mask, NB etching, and thermal CVD techniques. (b) The SiNW 
array with diameter of 10nm is simulated by the square superlattice with varied space 2 
to 15nm. (c) List of parameters used in the simulation of phonic dispersion. 
 

(a)          (b) 
Figure 2 : (a) Energy dispersion for bulk Si along with the specific symmetric k-points. 
(b) Thermal conductance contributed from lattice dynamic for bulk silicon and SiNW. 
 
2. Details of program implement  

As shown in Fig. 1, we explore the electrical and physical properties of the NBE 
fabricated high-density array of SiNWs with a 10-nm diameter embedded in SiGe0.3 
using bio-template mask by performing 3D numerical simulation of electronic 
structure for the nanostructures. Fig. 2(a) is the calculated energy dispersion for 
bulk Si; it approximates the experimental data well under the same order with only 
three independent elastic constants. Fig. 2(b) shows the lattice thermal conductivity 
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with a comparison between bulk Si and SiNW. SiNW have reduction of thermal 
conductivity only 80%, which is much smaller than the experiment results. Our 
study benefits advanced applications in the field of thermoelectric devices. 

 
3. Achievements 

We have developed physical and transport models and 3D simulation methodology to 
explored NBE fabricated Si NDs. The achieved results well meet the target stated in 
the application form. Both the electrical and physical characteristics have been 
insensitively explored in this project. We have discussed interesting studies and have 
good joint publications in journals and conferences from both universities. 

 
4. Summaries and future plans 

In this work, we have applied the Landauer approach to investigate the quantum 
effect on thermoelectric properties for SiNW embedded in SiGe0.3. The impact of 
SiNW on thermoelectric from electron, such as power factor and electronic thermal 
conductance, is less than that that from phonon, which is consistent with the 
observation in the experiment although the reduction of the lattice thermal 
conductivity is smaller than the experiment result. In the next project, we will 
control the energy of advanced NDs for thermoelectric devices. 

 
5. Research results (* reprint included)   
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[4] Ming-Yi Lee, Yiming Li, and Seiji Samukawa: Thermal Conductivity of Silicon 
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with a comparison between bulk Si and SiNW. SiNW have reduction of thermal 
conductivity only 80%, which is much smaller than the experiment results. Our 
study benefits advanced applications in the field of thermoelectric devices. 
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effect on thermoelectric properties for SiNW embedded in SiGe0.3. The impact of 
SiNW on thermoelectric from electron, such as power factor and electronic thermal 
conductance, is less than that that from phonon, which is consistent with the 
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1. Purpose of Project 

In the study of cerebral aneurysm, a lot of researchers assume to be rigid wall in CFD 
(Computational Fluid Mechanics). However, few experimental approaches were carried 
out for the elastic wall model. Particularly, there were few experimental studies with 
respect to hemodynamics using cerebral aneurysm model with elastic wall. The effect of 
wall elasticity on wall shear stress and the frequency characteristics was examined for 
the comparison of elastic with non-deformable models in pulsatile blood flow wave in 
vitro in CFD. In the present study, the authors have tried the fabrication of elastic 
cerebral aneurysm model using several ways. The wall elasticity would realize a 
specificity of human vessel hardening. 
2. Details of program implement 

2.1 Methods 

Before fabricating the phantom model of cerebral aneurysm, it is necessary to select 
the material of mold. It is normal way to make the mold based on stl data constructed 
by DSA and MRA data from the patient. There are several materials of mold, i.e. wax, 
plaster and ABS resin. In the present study, the plaster and ABS resin are selected as 
the mold material. 
2.2 Material 

The typical materials used in 3D printer are as follows.  
Plaster: The merit is cheap and easily dissolved in water. The demerit is prone to collapse. 
ABS resin: The advantage is tight and is easy to construct the support structure for 
cerebral aneurysm. The demerit is difficult to remove the mold after coating by thin 
elastomer. When removing the mold consisting of ABS resin, the special chemicals such 
as xylene, 2-pro-panol need to apply. 
2.3 Fabrication of phantom model 

In fabrication of phantom model, the important factors are the material of phantom 
elastomer, temperature and keeping time in thermostatic chamber. First, it is important 
to fabricate the mold by media material which is based on stl data. As described above, 
it is easy to fabricate the mold using the plaster. Also, the it is easy to fabricate ABS 
resin. After dipping and then resolving mold inside of silicon elastomer, the geometry 
may be a little smaller than original morphology. The authors tried both materials. The 
model of plaster mold was suitable to fabrication using auxiliary support column as 
shown in Figure 2. After dipping, it is easy to remove the plaster of mold in water and 
the wall of aneurysm model is very smooth. 
2.4 Phantom model 

The phantom model from the plaster model is shown in Figure 3. This model was 
fabricated in same way except for the difference of rotation after dipping, i.e. vertically 
and horizontally.  
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 F i g u r e  1 M ol d  s u ppor t e d  b y  c ol u m n  i n  A B S  r e s i n     F i g u r e  2 M ol d  s u ppor t e d  b y  c ol u m n  i n  pl a s t e r  

  F i g u r e  3 P h a n t om  m od e l  

Figure 3 was obtained in horizontal rotation. There is a tip in left side outlet vessel. 
This tip came from the liquid of extra silicone elastomer covered mold. The morphology 
is very smooth, and this fabrication has reproducibility. However, “how to rotate the mold” 
depends on mold morphology. The axis direction of mold rotation needs to try the several 
ways. 
3. Achievements 

According to the current study, the full-scale patient-specific phantom model was 
established with thin aneurysm wall simulating real aneurysm. Using this full-scale 
phantom model, we can clarify the effect of wall elasticity on flow behavior and flow 
instability globally. 
4. Summaries and future plans 

There are two another important factors. One is the elastic modulus and the other is 
the elongation ratio. Naturally, silicone elastomer has small elongation ratio, i.e. it is 
prone to rupture. So, thin wall silicone elastomer is prone to rupture. 

The velocity vector in semi-symmetric plane inside the elastic and non-deformable 
aneurysms is measured in PIV. The distribution of WSS along the bleb wall from velocity 
vector will be estimated. In summary, the elasticity of the aneurysm wall may attenuate 
the absolute temporally- and spatially-averaged WSS and absolute WSSG. 
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This tip came from the liquid of extra silicone elastomer covered mold. The morphology 
is very smooth, and this fabrication has reproducibility. However, “how to rotate the mold” 
depends on mold morphology. The axis direction of mold rotation needs to try the several 
ways. 
3. Achievements 

According to the current study, the full-scale patient-specific phantom model was 
established with thin aneurysm wall simulating real aneurysm. Using this full-scale 
phantom model, we can clarify the effect of wall elasticity on flow behavior and flow 
instability globally. 
4. Summaries and future plans 

There are two another important factors. One is the elastic modulus and the other is 
the elongation ratio. Naturally, silicone elastomer has small elongation ratio, i.e. it is 
prone to rupture. So, thin wall silicone elastomer is prone to rupture. 

The velocity vector in semi-symmetric plane inside the elastic and non-deformable 
aneurysms is measured in PIV. The distribution of WSS along the bleb wall from velocity 
vector will be estimated. In summary, the elasticity of the aneurysm wall may attenuate 
the absolute temporally- and spatially-averaged WSS and absolute WSSG. 
5. Research Results (*reprint included) 
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1. 研究目的 

 H-IIA なに௦表される㓟⣲とỈ⣲を᥎㐍とする大ᆺᾮ体ロࢣットエンࢪンの⇞↝ᐊについ

て，その内㒊流れのCFD ⢭度向上に向けた流体力学的および応化学的研究はከ数ᒎ㛤されてき

ているが，熱㍺㏦≀性モデルの⢭度向上を図る研究はとࢇ行ࢃれてきていない．≉に⇞↝ᐊ

の᮲௳を定した㓟Ỉ⣲ΰྜ⣔の熱㍺㏦≀性データはⓙ↓に等しく，CFD 解析では未᳨ドの⤒験

的な状態方程式㸦EOS㸧や㍺㏦ಀ数モデルを用いているのが⌧状である．そこで本研究では，エ

ンࢪン内㒊の超⮫界᮲௳を定した㓟Ỉ⣲ΰྜ⣔の熱㍺㏦≀性を，高⢭度な➨一ཎ⌮計算に基づ

いてᵓ⠏された分Ꮚ間ࢸ࣏ンࣕࢩルを用いた分Ꮚ࣑ࣗࢩレーࣙࢩンにより᥎算し，得られた結果

を数値実験値として，⌧行のEOS の⢭度᳨ドを図ることを目的としている． 
 
2. 研究成果の内容 

年度は，まず⤒験的ࢸ࣏ンࣕࢩルを用いた分Ꮚ動力学㸦MD㸧࣑ࣗࢩレーࣙࢩンにより，超

⮫界᮲௳の音速について⌧行の EOS の⢭度᳨ドをヨ行的に行った．その結果，EOS と MD のᕪ

␗は 6%௨内でありᴫࡡよい一致を示すことがࢃかった．一方，Ỉ⣲の⃰度が高くなるにつれて，

EOS とMD の音速のᕪ␗がቑ加するഴ向が☜ㄆされた．また，これは同ࡌ実次ඖ᮲௳でẚ㍑する

と，㓟⣲よりもỈ⣲の対⮫界圧力が高く，≉に対⮫界圧力が非ᖖに高い᮲௳では⌧行の EOS が

S-9-7 関ಀ㸦圧力̺体積̺ 度の 3 つの関ಀ㸧を定性的によく⌧できないためであることがࢃ

かった．次に，ᵝࠎな分Ꮚ間㊥離と分Ꮚ㓄向に対する分Ꮚ㌶㐨計算を行い，この計算結果をᫎ

した高⢭度な㓟⣲㸫Ỉ⣲間ࢸ࣏ンࣕࢩルを⌫㠃調和関数ᒎ㛤によりᵓ⠏し，本ࢸ࣏ンࣕࢩルを用

いたモンࢸカルロ㸦MC㸧࣑ࣗࢩレーࣙࢩンを実した．また，この MC を用いて，超⮫界᮲௳

の S-9-7 関ಀと定圧ẚ熱について，⌧行のEOS の⢭度᳨ドを行った．その結果，EOS とMC のᕪ

␗は⣙ 5%௨内であり，よい一致を示すことがࢃかった．図 1 は圧力 10MPa， 度 200K の超⮫

界᮲௳における S-9-7 関ಀと定圧ẚ熱のẚ㍑結果を示したものであるが，非ᖖによい一致を示し

ていることが☜ㄆできる． 
 
�. 研究目ᶆの㐩成≧ἣ 

これまでの研究により，S-9-7 関ಀ，定圧ẚ熱および音速については，⌧行のCFD に求められ

ている計算⢭度にẚべて，᪤ のEOS がᴫࡡ༑分な⢭度を᭷していることが示された．なお，ᖹ

成 30 年 11 ᭶ 7 ᪥㹼9 ᪥にかけて行ࢃれた ICFD2018 では，本課題の研究ሗ࿌を行った．また，

本学中にメンࣂー間で㆟ㄽをࢃし，研究目ᶆの㐩成状ἣと後の課題を共᭷してきている． 

課題番号 J18I110 
区分 一般共同研究 

課題分野 基盤流体科学分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目㸦発ᒎ㸧 
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(a) S-9-7 関ಀ (b) 定圧ẚ熱 

図 1㸸S-9-7 関ಀと定圧ẚ熱のEOS㸦実⥺㸧とMC のẚ㍑結果㸦圧力 10MPa， 度 200K㸧 
 
 ᚋのㄢ㢟ࡵࡲ .�

 本研究では，として高⢭度な➨一ཎ⌮計算に基づいてᵓ⠏した分Ꮚ間ࢸ࣏ンࣕࢩルにより㓟

Ỉ⣲ΰྜ⣔をᶍᨃし，このΰྜ⣔に対する分Ꮚ࣑ࣗࢩレーࣙࢩンの結果を用いて，⌧ᅾロࢣット

エンࢪンのCFD 解析で用されているEOS の⢭度᳨ドを行った．その結果，⌧行のEOS は，S-9-7
関ಀ，定圧ẚ熱および音速のண において，いずれも༑分な⢭度を᭷していることが示された．

後は，ᣑᩓಀ数をはࡌめとする㍺㏦≀性についても，同ᵝの➨一ཎ⌮的な᳨ドがᚲせである．

これについては，MC ではなくMD ンの㐺用がᚲ㡲であるが，本研究でᵓ⠏したࣙࢩレー࣑ࣗࢩ

➨一ཎ⌮的な分Ꮚ間ࢸ࣏ンࣕࢩルに対する✵間ᚤ分₇算が非ᖖに↹㞧なこともあり，᳨ウをせす

る課題となっている． 
 
�. 研究成果㸦 㸧ࡴᅜ㝿㆟㸪解ㄝ➼をྵࡁࡘ㸧Ꮫ⾡㞧ㄅ㸦ᰝㄞࡾ࠶ๅูࡣ
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March, (2019), R18.00010. 
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(a) S-9-7 関ಀ (b) 定圧ẚ熱 

図 1㸸S-9-7 関ಀと定圧ẚ熱のEOS㸦実⥺㸧とMC のẚ㍑結果㸦圧力 10MPa， 度 200K㸧 
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 本研究では，として高⢭度な➨一ཎ⌮計算に基づいてᵓ⠏した分Ꮚ間ࢸ࣏ンࣕࢩルにより㓟

Ỉ⣲ΰྜ⣔をᶍᨃし，このΰྜ⣔に対する分Ꮚ࣑ࣗࢩレーࣙࢩンの結果を用いて，⌧ᅾロࢣット

エンࢪンのCFD 解析で用されているEOS の⢭度᳨ドを行った．その結果，⌧行のEOS は，S-9-7
関ಀ，定圧ẚ熱および音速のண において，いずれも༑分な⢭度を᭷していることが示された．

後は，ᣑᩓಀ数をはࡌめとする㍺㏦≀性についても，同ᵝの➨一ཎ⌮的な᳨ドがᚲせである．

これについては，MC ではなくMD ンの㐺用がᚲ㡲であるが，本研究でᵓ⠏したࣙࢩレー࣑ࣗࢩ

➨一ཎ⌮的な分Ꮚ間ࢸ࣏ンࣕࢩルに対する✵間ᚤ分₇算が非ᖖに↹㞧なこともあり，᳨ウをせす

る課題となっている． 
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 ᚩᢳฟ≉ࡢሙࢀὶࡢࡑຊタィ✵ࡢࢫࣂࢹ➃⩼ࡓࡋ⏝ᛂࢆࢫࢡࢸ࣑࢜ࣂ

Study on the Aerodynamic Designs of Wingtip Device Based on Biomimetic Technologies and 

Its Feature Extraction of Dominant Flow Modes 

 

᳃⃝ ᚁ୍㑻* † 㸪ᯘ ⱱ* * † †  
ィ ᆂຓ* 㸪すᮧ ᐀* 㸪ᕝῧ ༤ග*  

* 㫽ྲྀᏛ㸪* * ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 
† ⏦ㄳ⪅㸪† † ᡤෆᑐᛂᩍဨ 

1. ◊✲目ⓗ 

㏆ᖺ㸪ࡢࢫࢡࢸ࣑࢜ࣂࢫࣂࢹ➃⩼ࡢࡇᛂ⏝ࡀὀ┠ࢀࡉ㸪㆟ㄽࡿ࠸࡚ࢀࡉ㸬ᮏ◊✲

ࡓࡋᶍᨃࢆ➃⩼ࡢ㫽㢮ࡣ࡛ wing_grid 㸪CFDࡋ┠ὀࢫࣂࢹ➃⩼ࡿࢀࡤ ✵࡚࠸⏝ࢆ

ຊ≉ᛶ㸪ཬࡢࡑࡧὶࢀሙࡢ㛵ಀࢆ⪃ᐹࡿࡍ㸬࡚ࡋࡑ㸪᭱⤊ⓗࢆࢹࢱࢫࢡࢵࣜࢺ࣓ࣛࣃࡣ

ᐇࡾࡼ࡛ࡇࡿࡍຠ⋡ࡢⰋ࠸ᙧ≧ࡢ᥈⣴ࢆ┠ⓗࡿࡍ㸬  

2. ◊✲ᡂᯝࡢෆᐜ 

ᮏ◊✲࡛ࡣィ⟬᮲௳ᩘࣁࢵ࣐ࢆM� = 0.8㸪ࣞᩘࢬࣝࣀ R e  =  6 .25 × 106 㸪CFDࡋ ᐇࢆ

wing_grid㸬ᅗ㸯ࡓࡋ 㸪Zonalࡣィ⟬᱁Ꮚࡢ✲◊㸬ᮏࡍ♧ࢆィ⟬᱁Ꮚࡢ ἲ࡚ࡗࡼ᱁Ꮚࢆ

⏕ᡂࡾ࠾࡚ࡋ㸪࣓ࡢࣥ⩼㒊ࢆ zone1㸪⩼➃㒊ࡢwing_grid ࢆ zone2㸪ࢀࡑ௨እࢆ zone3 

ࡢࡘィ㸱ࡓࡋ zone ᅗ㸰ࢆᯝ⤖ࡓࡋฟ⟭ࢆຊ≉ᛶ✵࡚࠸⏝ࢆ᱁Ꮚࡓࡋసᡂࡢࡇ㸬ࡿᡂࡽ

㝿ࡢࡑ㸬ࡍ♧ wing_grid ࣝࢹࣔ‽ᶆࡢᆺ㸦᪑ᐈᶵ⩼ࡓ࠸⏝ NASA-CRM ࡢ CRM.65 
airfoil㸧ࡢ 3 ḟඖィ⟬ࢆࡢࡶࡓࡗ⾜ࢆẚ㍑ᑐ㇟ࡓࡋ㸬ࡣࢀࡇ⩼ᆺ࡛ࡵࡓࡿ࠶㸪⩼➃ࡢຠᯝ

 㸬ࡿ࠶ែ࡛≦ࡓࡋど↓ࢆపୗศࡀ⬟ຊᛶ✵࡚ࡗࡼ
ᅗ㸰(a)ࡾࡼwing_grid ᆺ⩼ࡣࢀࡇ㸬ࡍ♧ࢆ್࡞ࡁయⓗࡾࡼᯝ⤖ࡢᆺ⩼ࡣᥭຊಀᩘࡢ

㸪㧗㏄ࡋࡋ㸬ࡿࢀࡽ࠼⪄ࡓࢀ⾲㢧ⴭࡀᕪࡢᯝ⤖ࡢࡑ㸪ࡎࡽ࠾࡚ࡋ៖⪄ࢆ➃⩼ࡀ⟭ィࡢ

ゅഃ࡛⩼ຊࡢపୗࡀぢࡿࢀࡽ㸬୍ ᪉㸪wing_grid °㏄ゅ㸲ࡣ࡚ࡋ㛵 ௨㝆࡛ⱝᖸࡢᥭຊഴᩳࡢ

పୗࡀぢࡀࡿࢀࡽ㸪ᥭຊࡢ⥺ᙧᛶ࠺࠸ほⅬ࡛ࡣඃࡀࡇࡿ࠸࡚ࢀศࡿ㸬ᅗ㸰(b)ࡾࡼᢠຊ

ಀᩘ㛵ࡣ࡚ࡋ㸪wing_grid ᵝྠࡁࡢᥭຊಀᩘࡶࢀࡇ㸬ࡓࡋ♧ࢆ್࠸㧗యⓗࡀ᪉ࡢ

⩼㸪୧࡚ࢀࡘࡿࡍቑຍࡀ㸪㏄ゅࡋࡋ㸬ࡿࢀࡽ࠼⪄ᅉ୍ࡀᢠຊቑຍࡿࡼᙳ㡪ࡢ➃⩼

㛫࡛ࡢᕪࡀᑠࡽࡇࡿ࡞ࡃࡉ㏄ゅᑐࡿࡍᢠຊኚࡀᑠࡓࡗࢃࡀࡇ࠸ࡉ㸬 
᭱ᚋ㸪㏄ゅ 0° ࡢ࡛ w i n g _ g r i d ᯝ㸪⤖ࡢࡑ㸬ࡍ♧ᅗ㸱ࢆᯝ⤖ࡢᅽຊศᕸࡢ㠃࡛⾲⩼ࡢ࡛

๓⦕ࡢࡾࡼᚋ⦕࡚࠸࠾㢧ⴭ࡞పᅽ㡿ᇦࢆ☜ㄆࡓࡋ㸬ࡢࡇ⤖ᯝࡾࡼ๓⦕㒊࡛✌ࡎࡣࡓ࠸࡛࠸

 㸬ࡿࢀࡽ࠼⪄ࡓࡗ࡞ᢠࡀపᅽ㡿ᇦࡢ㸪ᚋ⦕㒊ࡎࡁ࡛ࡀࡇࡿᚓࢆᥭຊࡢ

    
ᅗ㸯 wing_gridn  ィ⟬᱁Ꮚࡢ

ㄢ㢟␒  ྕ J18H002 
༊ศ ⴌⱆබເඹྠ◊✲ 
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◊✲ᮇ㛫 2018.4 ~2019.3 
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  (a) ᥭຊಀᩘ               (b) ᢠຊಀ  ᩘ

ᅗ㸰  wing_grid  ຊ≉ᛶ✵ࡢ

 

 
ᅗ㸱 wing_grid  ᅽຊศᕸࡢ㠃࡛⾲⩼ࡢ

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲࡛ࡣ᪂ࡢࢫࣂࢹ➃⩼࡞ࡓ᪂࡞ࡓᥦ㸪ཬࡧタィሗࡢᥦࢆ┠ᶆ࡚ࡋᐇ㸪ᮏ

ᖺᗘࡣwing_grid  㸬ࡓࡋᐇࢆ⟭ィࡢ࡚ࡋᇶᮏ≉ᛶࡢ

 ㄢ㢟ࡢᚋࡵࡲ .4

ᮏ◊✲࡛ࡣ㫽㢮ࢆ➃⩼ࡢᶍᨃࡓࡋwing_grid 㸪CFDࡋ┠ὀࢫࣂࢹ➃⩼ࡿࢀࡤ ࡼ

᪑ᐈࡣ࡚ࡗࡓ࠶ࡿㄪࢆ㸬ᇶᮏ≉ᛶࡓㄪࢆᇶᮏ≉ᛶࡢሙࢀὶࡢࡑࡧຊ≉ᛶ㸪ཬ✵ࡢࡑࡿ

ᶵࡢᶆ‽ࣔࣝࢹNASA-CRMࡢCRM.65 airfoil3ࡢḟඖィ⟬ࡢẚ㍑ࡓࡗ⾜ࢆ㸬ࡢࡑ⤖ᯝ㸪

ᕠ⯟┦ᙜࡢ㧗㏿㣕⾜ࡢ࡚࠸࠾ᥭຊࡢ⥺ᙧᛶࡸᢠຊቑຍࡀᑡࡢ࡞࠸࡞≉ᚩࡓࡋ♧ࢆ㸬

ᚋࡣwing_grid ࡢሙࢀὶࡸຊ≉ᛶ✵ࡢ㝿ࡢࡑ㸪ࡌ㏻ࢆࢡࢵࣜࢺ࣓ࣛࣃࡓࡏࡉኚࢆ≦ᙧࡢ

㛵ಀࢆㄪࡿᚲせࡿ࠶ࡀ㸬 
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*[1] S. Morizawa, K. Tokura, H. Kawazoe and S. Obayashi: CFD Study on a Wing Grid for 
Improvement of Aerodynamic Characteristics, Proceeding of the 18th International 
Symposium on Advanced Fluid Information, Sendai, Japan, (2018), CRF-9, pp. 18-19. 

[2] K. Tokura, S. Morizawa, H. Kawazoe and S. Obayashi: Optimum Design of Nonplanar 
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1. 研究目的 

㏆年⅏ᐖ時における状ἣ☜ㄆ，ἢᓊ┘視等を目的として，ᑠᆺ飛行体㸦MAV : Micro Air Vehicle㸧
の研究㛤発が┒ࢇに行ࢃれている．MAV にせ求されるእ形ࢧズ，飛行及びసᴗ形態は，⌧Ꮡの

⯟✵機と␗なるものであり，㠉᪂的な技術㛤発がᚲせとされる．このような背ᬒୗにおいて，㫽

や᪻なの飛行生≀の高度な✵力性能に╔目し，そのメカニズムを MAV に㐺用する࣑࢜ࣂ

メࢸクス的なࣉローࢳがὀ目されている．一方で，流体抵抗㍍減に関する♫的関ᚰは高く，

その一つの手法としてỈ流中における᧕Ỉ性ᮦᩱの᭷効性が示されている．本研究では，これら

の研究動向を背ᬒとして⩚ࡤたき⩼⩼に᧕Ỉ性ሬᩱをሬᕸし，その効果を調ᰝする． 
 
2. 研究成果の内容 

�1� ᧕Ỉᛶሬᩱの㑅ᢥ 

表 1 に，本研究で用いる࢞ラスࢥーࢸ

ࢢン HardoLass㸦ࣖマモト࣍ールデ

ーࢥス㸦ᰴ㸧㸧の成分を示す．本ࢢン

は成分が✵Ẽ中のỈ分と次ࢢンࢸ

式のように応し，⦓ᐦな࢞ラス⭷を形

成している． 
㸦SiH2NH㸧+  2H2O  Ѝ 㸦SiO2㸧 +  NH3  +  2H2     (1) 

本ࢥーࢸンࢢ㑅ᢥのきっかけは，ᙜ初㜵യ目的でࢦルࣇクラブにሬᕸしていたが，ࢦルࣇ

ーの飛㊥離⮬ᕫ࣋ストがᖹᆒ 10%向上したとのሗ提౪があり，㐺用するに⮳った． 
�2� ሬᩱሬᕸ᪉ἲの㑅ᢥ 

 本ࢥーࢸンࢢ㐺用による抗力㍍減メカニズムとして，ᅛ体表㠃ᚤ⣽ᵓ造が流れ挙動にᙳ㡪

を与えているものと考えられる．そのため，3 ✀㢮のሬᕸ方法をHardoLass 㛤発技術者と考案し，

⭷ཌを変化できるようにした．一を図 1 に示す． 
��� ✵Ẽຊ ᐃ 

 ๓年度まで実していたⴌⱆබເ共同研究㸦J17H002㸧において，᭱も&Lmaxが大きくなった⩼

ᘻ方向に⩼ཌさのࢸーパを付けたABS ᶞ⬡⩼㸦ࢸーパẚ 0.33㸧を用いて，本ࢥーࢸンࢢの

効果をヨ行的に 定した．ࢥーࢸンࢢはHardoLass 9 を用い，マクロࣂࣇークロス及

びメラ࣑ンス࣏ンࢪでሬᕸした．図 2 にᶍᆺ㥑動置，図 3 に✵Ẽ力 定結果を示す．この図を

課題番号 J18H003 
区分 ⴌⱆබເ共同研究 

課題分野 ⎔境・エネルギー分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目㸦発ᒎ㸧 

type    

Hardolass A dibutyl ether 
(53%) 

perhydropolysilazane 
(3%) ethyl silicate 

Hardolass 9 dibutyl ether 
(50%) 

organic polysilazane 
compound (40%) 

ethyl 
polysilicate 

(10%) 

表 1 HardoLass 成分 
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ぢると，㏄ゅ Į=15°௨上の㡿ᇦで一定の効果を᭷するも

のと考えられる． 
��� P,9ィ 用レーザග྾ᮦᩱの㑅ᐃ 

 本研究において，ᅛ体表㠃ᚤ⣽ᵓ造の流れ挙動のᙳ

㡪を詳⣽に調べるために，ᅛ体表㠃㏆ഐにおける高⢭度

の速度࣋クトル分ᕸの算ฟがᚲせとなる．ᚑ᮶の PIV 計

 では，ࢲブルパルスYAG レーザ㸦532nm㸧がᅛ体表㠃

でᙉくᑕし，╔目しているቨ㠃㏆ഐの速度࣋クトル分

ᕸの算ฟはᅔ㞴であった．この対⟇として YAG レーザ

྾ᮦᩱの㑅定を行い，Ⰽ⣲⣮体 FDG004
㸦ᒣ⏣化学工ᴗ㸧をࣉラマーにࣂンࢻ

さࡏて⁐ᾮ化する工程を，東ி㒔❧⏘ᴗ技

術研究ࢭンター表㠃科学ࢢルーࣉᑓ㛛研究

員の༠力のもと考案した． 
 
�. 研究目ᶆの㐩成≧ἣ 

 ᰂ㌾⩼の᭷効性については，⩼ᘻ方向，

⩼ᖜ方向ࢸーパẚの効果が☜ㄆできたが，

⩼ᖜ及び⩼ᘻ方向共にࢸーパを᭷する⩼

のඃ位性は示されなかった．また᧕Ỉ性ሬᩱ

の✵力≉性ᨵၿ効果の可能性を提示し，年

度の研究目ᶆはᴫࡡ㐩成できたものと考えら

れる． 
 
 ᚋのㄢ㢟ࡵࡲ .�

 本බເ共同研究の実により，᧕Ỉ性ሬᩱ

の✵力≉性ᨵၿ効果に関してさらなるモࢳ

ࢥ，ンを得ることができた．後はࣙࢩー࣋

ーࢸンࢢの✀㢮，ሬᕸ方法を変えて✵力

 定を行い，YAG レーザ྾ᮦᩱを用いて

PIV 計 を実し，流体力学的なメカニズム

を明らかにしたい． 
 

�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

 なし 
2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] T. Ishide, M. Kimura, R. Fujii, T. Kaeriyama, K. Shimoyama, S. Obayashi: Aerodynamic 
drag reduction using a coating material in flapping wing, Proceeding of the Eighteenth 
International Symposium on Advanced Fluid Information, Sendai,(2018), CRF-7, pp. 
14-15. 

 Ⓨ⾲➼㸧࣑ࢥス࣐の㸦≉チ㸪ཷ㈹㸪ࡑ ��

なし 
 

図 2 ᶍᆺ㥑動置 

図 3 ᥭ力᭤⥺ 

図 1 HardoLass ሬᕸ方法 
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Link between Tracer and Microseismic Analysis to Comprehensive Understanding 

of Hydraulic Feature of Fractured Geothermal Reservoir 

 

Anna Suzuki *†, Roland N. Horne **†† 
Michael Fehler ***††, Peter K. Kang ****††, Takuya Ishibashi *****†† 
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**Department of Energy Resources Engineering, Stanford University 

*** Earth Resources Laboratory, Massachusetts Institute of Technology 
**** Department of Earth Sciences, University of Minnesota 
***** Fukushima Renewable Energy Institute, AIST (FREA) 

†Applicant, ††non-IFS responsible member 
 
1. Purpose of the project 

Geothermal energy would provide sustainable energy systems and is abundant in 
the US and Japan. To assess the amount of resources and to design sustainable 
utilization of fields, it is crucial to estimate how water flows within reservoirs.  
Generally, tracer testing has been conducted to obtain the hydraulic properties between 
the two wells, such as connectivity, velocity, permeability. Microseismic monitoring 
observes fracture creation due to water injection and water movement to extract 
fracture properties (i.e., position, number, scale, etc.) in the whole reservoir. The results 
from tracer testing are influenced on connectivity of the fracture networks that can be 
apparent in micro seismic analysis. Both results should have correlations between each 
other. In this research, a new approach integrating tracer and microseismic analyses to 
evaluate comprehensive hydraulic properties is proposed for designs of sustainable 
geothermal development. 
 
2. Details of program implement 

Overview of this study is shown in Figure 1. We use tracer response curves and 
microseismic data obtained from the geothermal EGS site. Tracer and microseismic 
data will be analyzed separately. The applicant (Suzuki) is in charge of tracer analysis, 
and the MIT group is in charge of microseismic analysis. 

Stanford group and Suzuki have conducted (1) tracer analysis using field data, (2) 
characterization of tracer transport in fractured media using 3D printing networks and 
direct simulation, and (3) flow experiment nano- and microparticle tracers using 
micromodel. 

International Multiple Collaborative Research 
Project code J18R001 
Subject area Environment and energy 
Research period April 2018 ~ March 2019 
Project status 2nd year 
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Figure 1: Overview of this study. 
 
 
3. Achievements 

3.1 Collaborative seminar 
We held a seminar with 10 Ito lab members from IFS, Prof. Roland Horne, Dr. Adam 

Howkins, Ms. Ayaka Abe from Stanford University, Dr. Kyle Bahr and Mr. Aoi 
Yamaguchi from Environmental Studies at Tohoku Univ on Dec 20 and 21.   
 

 

Figure 2: Photos of seminars: Prof. Roland Horne and Dr. Adam Howkins from Stanford 
University. 

 

 

3.2 Journal paper 

We conducted flow experiment for tracer analysis with Horne group at Stanford 
University and submitted our collaborative paper for a peer-reviewed journal: Suzuki A, 
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3.2 Journal paper 

We conducted flow experiment for tracer analysis with Horne group at Stanford 
University and submitted our collaborative paper for a peer-reviewed journal: Suzuki A, 

Cui J, Zhang Y, Li K, Horne RN, Ito T, Estimation of Fracture Apertures in Fractured 
Porous Media Using Nano-/Microparticles, Rock Mechanics & Rock Engineering, under 
review. 
 
Results 

Water with nanoparticles was injected into the micromodel. The microscope could 
detect 500 nm nanoparticle movement. Figure 2 shows an image of the micromodel in 
the microscope during tracer injection test. Video was also recorded, which visualized 
the particle movement clearly. Fast flow was created in the fracture in the direction of 
flow, while some particles migrated to the pore spaces in the matrix. In the matrix, 
there were not only vertical flows from the fracture to the matrix but also horizontal 
flows between the inlet and the outlet. The patterns of pore space in the matrix give rise 
to complex nanoparticle transport behavior. More detailed analysis of nanoparticle 
movement will be done in further study (e.g., using Particle Image Velocimetry).  

 
Figure 2: Image of the micromodel under microscope during flow experiment. 

 
Tracer was collected in a tubing connected to the outlet at 46 moments in time. 

For preliminary analysis, concentration was calculated based on the images taken with 
SEM. Five droplets obtained at 6.7h, 13.4h, 20.2h, 26.9h, and 33.6h after the onset of 
the particle injection were used. The SEM images of the five droplets are shown in 
Figure 3. The concentration was calculated as the ratio of area of the particles to the 
total area where liquid would have existed in the SEM images, as shown in Figure 4(a). 
The temporal change of the concentration is plotted in Figure 4(b). High concentration 
was found at 13.4 h. A long tail was observed at late time. Some non-nanoparticle 
chunks were observed in the image at 26.9h. Because they were probably contaminant, 
the concentration at 26.9h is of low reliability. If the concentration at 26.9h is an outlier, 
the tracer response shows a long tail, as plotted in the dashed line in Figure 4(b). From 
direct observation under the microscope, some particles were seen to migrate into the 
matrix. They might have detoured through the pore space in the matrix leading to the 
retardation in the tracer response curve.  
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Figure 3: SEM images of droplet obtained at (a)(b) 13.4h, (c)(d) 20.2h, and (e)(f) 33.6h 

after injection. 
 

 
 

Figure 4: Temporal change in concentration of nanoparticles at the outlet of the 
micromodel, measured by TRPS. (a) Size-independent tracer response and (b) 

size-dependent tracer responses for large particles (diameters > 1700 nm, cross) and for 
small particles (diameters < 1700, circle). 

 
Particle concentrations were also measured by TRPS. The TRPS counts the number 

of particles in liquid while measuring the size of the particles. The particle diameter had 
a wide range between 400 nm and 2400 nm. Here, the maximum particle diameter 
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Particle concentrations were also measured by TRPS. The TRPS counts the number 

of particles in liquid while measuring the size of the particles. The particle diameter had 
a wide range between 400 nm and 2400 nm. Here, the maximum particle diameter 

before the injection was 1500 nm. However, the maximum particle diameter measured 
after flowing in the micromodel was 2300 nm, which was larger than that of the injected 
particles. This suggests that some particles may have aggregated or been contaminated 
by attachment. 46 samples were collected at the outlet over time. Although SEM image 
analysis shows higher concentration around 14.4 hours after the injection, the 
concentration obtained from TRPS does not include any clear peak.

Thanks to the TRPS, particle size distributions at each time point can be obtained. 
We can divide the particle distributions into two groups by a certain threshold. The 
threshold is defined as a value below which significant differences can be observed in 
the concentration curves. In this study, the threshold was set to be 1700 nm. The 
temporal changes of the particle concentration with diameter larger or smaller than 
1700 nm are shown in Fig. 4(b). The response curve for the particles with diameter 
larger than 1700 nm had a peak around 14 hours after the injection and no 
concentration was detected at late time. In contrast, the response for smaller particles 
was detected at early time and at late time. 
 
Discussion 

The micromodel we used consisted of a single fracture and matrix. Because 
particles at the microscale travel along higher velocity streamlines, most particles were 
expected to flow with the fast-moving in the center of the streamlines within the 
fracture (Zvikelsky and Weisbrod, 2006). The fracture aperture was 50 Ǎm, while the 
injected particle size was in the range between 500 nm and 1.5 Ǎm. The fracture 
aperture was wide enough for all of particles to flow. According to Fig. 4(b), the tracer 
response for larger particles shows a peak at early time. These larger particles can be 
considered to flow through the fracture. On the other hand, the larger particles did not 
arrive after 20 hours, but the smaller particles arrived continuously before and after 20 
hours. The particles arriving after 20 hours might have been delayed due to passing 
through the matrix. Then, the particles had to flow through the pore throats in the 
matrix. The range of the pore throat diameter was from 10 nm to 40 Ǎm. The matrix in 
the micromodel included larger pore spaces, and spaces can be seen over 10 Ǎm. Throats 
can Ee seen Zith si]es around � Ǎm. We divided the tracer response into two response 
curves for different particle sizes in Fig. 9(b) and set the threshold of particle size to 
1700 nm, which was defined as a value below which significant differences can be 
observed in the concentration curves. If particles flowed through the matrix, the 
streamlines had to pass through the throats with the size of the threshold, and the 
particles flowing through the throat should be smaller than the threshold. Thus, the 
threshold is expected to be the narrowest width of the throat in the streamline passing 
through the matrix. 

By evaluating the particle sizes, we could estimate the two flow paths in the 
micromodel. One is characterized as a streamline that flowed only through the fracture, 
and the other as a streamline that flowed through the matrix at least once. In addition, 
the travel times corresponding to each streamline can be determined from the tracer 
responses. These data would provide useful information not achievable in conventional 
tracer testing. 

We hereby propose a method using particle tracers to estimate critical apertures, as 
illustrated in Figure 11. Particles with a wide range of sizes are injected into an 
injection well, and the temporal changes of the size distributions are observed at the 
production well. The tracer response curve for each particle size may be different. As 
shown in Figure 5, path 1, path 2, and path 3 have the critical aperture b1, b2, and b3, 
respectively (b1 > b2 > b3). Let us assume that adsorption/desorption and diffusion of 
particles do not occur and that clogged particles do not affect other particles’ movements. 
Some interactions between particle and rock surfaces (van der Waals forces) are 
neglected. If particles are larger than b1, they cannot pass through any of the paths. The  
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Figure 5: Schematic of estimating fracture aperture and lengths using 

nano-/microparticles. (a) example image of flow paths between injection and production 
wells, (b) Enlarged image of inside of the flow path, (c) perspective of size-dependent 

tracer responses, and (d) estimates of flow path lengths. 
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upper tracer response curve in blue in Figure 5 is for the particles with size between b2 
and b1. Particles with size between b2 and b1 migrate through path 1 but not through 
path 2 and path 3. The tracer response curve includes a single peak at ti. The first peak 
is an indication of the tracers passing through path 1 with a critical aperture of b1. 
Although other particles that ranges from b3 to b2 (green line) or smaller than b3 (red 
line) were also detected at ti, those are neglected. Next, only the particles with size 
smaller than b3 (red line) shows the second peak at tii. The second peak is an indication 
of the tracers passing through the path 3 with a critical aperture of b3. The particles 
with a size between b3 and b2 (green line) showed a third peak at tiii, suggesting tracers 
passing through the path 2. We consider that the time when each peak appeared (i.e., ti, 
tii, and tiii) is the representative travel time of particles for each flow path. In this 
example, the travel time ti is for the path 1, the travel time tii is for the path 3, and the 
travel time tiii is for the path 2. The permeability can be estimated according to the cubic 
law by using estimated critical apertures. The flow velocity for each path can be 
obtained from the Darcy’s law. Because the particles in the same flow path may have 
distinct velocity and travel time, it is possible to estimate the length of each actual flow 
path. Each length of flow paths can be useful to characterize fractured rocks.  

This study used particles in the range between 500 nm and 1500 nm to confirm 
whether or not the particles can pass through the porous medium. In the next step, 
particles with a wider size distribution (e.g., 50 nm – 50000 nm) will be used. The 
fracture aperture in the micromodel will also vary. Further experiments would provide 
more obvious relationships between particle sizes and fracture structures. Although we 
assumed particle size does not affect flow speed, several studies reported that particle 
properties (e.g., size, materials, shape) affect the flow properties (Vilks and Bachinski, 
1996). It has been widely observed that particles transport faster than conservative 
solutes in fractured media (e.g., Champ and Schroeter, 1988; Zvikelsky and Weisbrod, 
2006; Tang and Weisbrod, 2009). We will investigate how the particle properties depend 
on flow by direct observation of the microscope. 
 
4. Summaries and future plans 

Nano- and microparticles are expected to have several functionalities, and the 
ability to control size and shape is an advantage of using nano-/microparticles. Our 
study showed that evaluation of particle size distributions may provide estimates of the 
sizes of the narrowest pore throats and minimum fracture apertures in the flow path. 
The tracer response curves for different particle sizes are expected to determine each 
travel time and to estimate each length of flow path, which is not obtained in 
conventional tracer tests. Fluid flow experiments using micromodels will clarify 
mechanisms of particle transport in fractured and porous media, which will help us 
analyze tracer response curves more thoroughly. 

Current geological developments have studied in each field and technology 
independently. Comprehensive analyses and interpretations would achieve a novel 
breakthrough in the geoscience.  The applicant (Suzuki) and Professor Horne 
developed a mass transport model in heterogeneous media that succeeded to analyze 
tracer responses in fractured reservoirs. They recently conducted tracer test by using 
3D printed fracture networks and clarify correlations between fractures and hydraulic 
properties. This is the world’s first research to verify experimental results that was not 
able in previous studies.  

The MIT group (Fehler) succeeded to integrate crustal stress into micro seismic 
analysis first in the world and extract hydraulic properties by using micro seismic data. 
The Stanford group has been developed an integrated model for description of dynamic 
behavior. The collaborations among three research groups are most suitable for 
integrating tracer and micro seismic data analyses.  
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The expected outcome of this research is contribution to the design of sustainable 
geothermal energy extraction system. The findings obtained in this research can 
contribute directly to geothermal energy production planning, position determination of 
production wells and reduction wells, and maintenance capacity planning of reservoirs. 
 
5. Research results  

1) Journal (included international conference with peer review and tutorial paper) 

[1] 㕥ᮌᮥዉ㸸ᆅୗ㈨※㛤Ⓨࡢࠖࢀࡀ࡞ࠕࠖࡕࡓࠕࡿࡅ࠾᥎ᐃ㸪ࢀࡀ࡞㸪Vol. 38, No. 
1, (2019), pp. 21-25. 

[2] A. Suzuki, J. Minto, N. Watanabe, K. Li, and R. N. Horne : Contribution of 3D 
printed fracture networks to development of flow and transport models, Transport 
in Porous Media, (2018), DOI:10.1007/s11242-018-1154-7. 

2) International and domestic conferences, meeting, oral presentation etc. (included 
international conference without peer review) 

*[3] A. Suzuki, Y. Mukuhira, T. Ito, R. Horne, M. Fehler, and P. Kang : Link between 
tracer and microseismic analysis to comprehensive understanding of hydraulic 
feature of fractured geothermal reservoir, Proceedings of the 18th International 
Symposium on Advanced Fluid Information, Sendai, (2018), CRF-R1, pp. 66-67. 

[4] 㕥ᮌᮥዉ㸸ࢆ࣮ࢪࣟࣀࢡࢸ࣭ࣝࢱࢪࢹ㥑ࡓࡋ㈓␃ᒙホ౯◊✲ࡢᣮᡓ㸪᪥ᮏᆅ⇕Ꮫ

ᆅ⇕㈓␃ᒙ㛵ࡿࡍ◊✲㸪Tokyo, Japan, November 14, (2018), Invited talk. 
[5] A. Suzuki : 3D printing of controllable fracture network and evaluating of flow 

characteristics, 2018 Flow and Transport in Permeable Media (GRS), Newry, ME, 
USA, July 7-8, (2018), Invited talk. 

3) Patent, award, press release etc. (patent, award, press release, note should be 
listed here if applicable) 

(Patent)    

Not applicable. 
(Award)  

2017 WRR Editors’ Choice Award, “A. Suzuki, N. Watanabe, K. Li, and R. N. Horne, 
Fracture network created by 3-D printer and its validation using CT images”, Oct 
30, (2018), Water Resources Research. 

(Press release) 

Not applicable. 
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†Applicant, ††non-IFS responsible member 
 

1. 研究目的 

これまでに流体科学研究所と࣡ࢩントン大学，リࣚン大学がᵓ⠏してきた研究ネット࣡

ークをά用し，分Ꮚスࢣールのᮦᩱタ計と実機スࢣールのࢩスࢸムタ計を⼥ྜするマルࢳ

スࢣール・マルࢪࣇࢳックス力学モデルを㛤発し実用ᒎ㛤をヨみる．また，次ୡ௦の機

Ეࢩスࢸムの⌮ㄽタ計にᚲせ可Ḟなマルࢳスࢣール・マルࢪࣇࢳックス⌧㇟の力学モ

デリンࢢに関する学術基盤のᵓ⠏を目指す． 
 
2. 研究成果の内容 

2.1 ඹྠ研究 

流体科学研究所，࣡ࢩントン大学，リࣚン大学との共同研究により，௨ୗのマルࢳスࢣ

ール・ࢪࣇックスモデリンࢢとその応用に関する研究がなされた． 
 
 8niversity oI� のᵓ⠏࣒ࢸスࢩ高ຠ⋡㓟Ⅳ⣲ศ㞳྾ࡿࡼᾮ体㟼㟁ᄇ㟝ࣥ࢜ �1�

:ashington� ,FS�  

・ンのみでᵓ成されるᖖ でᾮ体のሷであり，発性࢜ࢳンとカ࢜ニンᾮ体は࢜ 

㞴⇞性，熱・化学的Ᏻ定性，さらにはᚑ᮶の྾ᾮよりも高い࢞ス྾能力を᭷しており，

それらをάかした &2�分離回技術の㛤発が期ᚅされている．本共同研究においては，㟼㟁

ᄇ㟝法により数 ��� QP 程度の超ᚤ⣽ᾮを生成し，ẚ表㠃積効果により表㠃྾応を高

ά性化することで㓟化Ⅳ⣲྾ࢩスࢸムの高効⋡化を目指した．㓟化Ⅳ⣲྾実験に

より，༳加㟁圧のቑ加にకって㓟化Ⅳ⣲྾量がቑ加することが明らかとなり，↓㟁場

時とẚ㍑して᭱大で �� ಸの྾量が得られた．本共同研究により，࢜ンᾮ体㟼㟁ᄇ㟝を

行うことで，&2�分離回性能が㢧ⴭに向上し，より高い分離性能が得られることが実ドさ

れた． 

 

�2� ᮦᩱࢡࢸ࣐࢛ࣇࣥスࡧࡼ࠾ᮦᩱᵓ㐀ᙧ成㛵࣑ࣗࢩࡿࡍレーࣥࣙࢩ �8niversity 

oI :ashington� ,FS� *S(� 

ントン大学大内୕ኵ教ᤵ，Luna Huangࢩ࣡ ༤ኈ，Jimin Qian, Nam Phuong Nguyen，
東北大学ᒸ㒊᭸Ọ教ᤵ，大▮㇏大ຓ教との共同研究として，ከ数のᮦᩱ≀性をᢅうデータ

≉．クスの研究を行ったࢸマ࢛ࣇン機⣔のᮦᩱ↓ックスな࣑ラࢭースから㔠ᒓや࣋

International multiple collaborative research 
Project code J18R002 
Subject area Multi-scale mobility for humans and materials  
Research period April 2018 ~ March 2019 
Project status 1st year 
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に，教ᖌなし学⩦である⮬ᕫ⤌⧊化マッࣉ㸦SOM㸧を㐺用し，ᮦᩱのࢢルーピンࢢや≉␗

な性㉁をᣢつᮦᩱのスクリーニンࢢを行った． 
ントン大学ࢩ࣡ Christine K. Luscombe 教ᤵ，東北大学ᒸ㒊᭸Ọ教ᤵ，大▮㇏大ຓ教と

の共同研究として，༙導体高分Ꮚを用いた᭷機ⷧ⭷ኴ㝧㟁ụの高効⋡化をᚿ向した高分Ꮚ

ᮦᩱのᵓ造形成࣑ࣗࢩレーࣙࢩンの研究を行った．⮬ᕫ↓᧐╔場⌮ㄽ㸦SCF㸧に基づくࢩ

リマーの動的ᵓ造形成について基本的な結果を得࣏ࢥンを実し，ブロックࣙࢩレー࣑ࣗ

た． 
 

��� Proton 7ransport 0echanism in a CarEon NanotuEe �CN7� �8niversity oI :ashington� 

,FS�  

Proton transport and electroosmosis of water molecule in a carbon nanotube is 
faster compared with bulk water. We analyze the mechanism of proton transport in a 
carbon nanotube by both simulation and experiment. IFS perform molecular dynamics 
simulations of proton transport in a carbon nanotube and UW perform experiment to 
measure proton conductivity of membrane made of carbon nanotubes. Now we discussed 
about the simulation system and determined it.  
 

��� 0icromagnetic moGeling Ior nonGestructive evaluation �,NSA� ,FS� (Ly70a;� 

Magnetic Incremental Permeability (MIP) being highly stress dependent proves to 
be very effective to evaluate materials non-destructively. In this article, modelling 
technique based on Jiles-Atherton model has been proposed to simulate the signature 
MIP butterfly loop for the 12 Cr-Mo-V-W creep test samples. Jiles-Atherton parameters 
imply physical interpretations. From these butterfly loops, a physical relation, based on 
the values of the J-A’s parameters, with the microstructure such as precipitations, 
dislocations, Kernel Average Misorientation (KAM) has been investigated with 
experimental as well as simulation validations. It is especially observed that J-A’s 
parameters are well correlated to the precipitation quantity and KAM. 
 
2.2 ࣡ー࣐ࢧࡧࡼ࠾ࣉࢵࣙࢩࢡースࢡールの㛤ദ 

�1� 8:�78�A2S�Planning :orNshop 2�1��Spring 

The UW-TU:AOS-Planning Workshop 2018-Spring is held on April 23 and 24 at 
University of Washington, Seattle, USA. 6 IFS researchers and 2 researches in 
mechanical engineering division attended the workshop and discuss about their 
respective collaborative researches. After discussion, we visited e-science section in 
University of Washington and we have a seminar about data mining. over 30 researches 
including IFS and UW attended the seminar and present their research about data 
mining.  
 

�2� (Ly7 School 2�1� 

Since 2009, ELyT School is organized every year (alternating between Lyon and 
Sendai) with the aim of presenting the partner institutions to students from the other 
country (mainly Masters students, to encourage the creation of jointly-supervised Ph.D. 
research projects, and undergraduate students to promote Masters double-degree 
programs). School includes academic lectures, lab tours, industrial tour, student project 
work, cultural activities (cultural trip, social activities, photo contest, and some events 
are organized by local students. 10th ELyT School was held in Sendai from August 26th 
to September 5th, 2018, and 22 students from France, 2 students from Washington 
University and 23 students from Tohoku University joined. 
 
��� (Ly7 :orNshop 2�1� 

In the framework of the cooperation between Université de Lyon, CNRS and 
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��� (Ly7 :orNshop 2�1� 

In the framework of the cooperation between Université de Lyon, CNRS and 

Tohoku University, materialized by the existence of a LIA (International Associated 
Laboratory) since 2008 and an UMI (International Joint Unit) from 2016, the 10th 
ELyT (Engineering Science Lyon / Tohoku) workshop was held from 8 to 11 March 2019. 
This annual workshop (alternatively in France and in Japan) gathers both researchers 
and students whose research projects, with the support of the LIA ELyT Global, are 
developed jointly in Lyon and in Tohoku. Thanks to the support of CNRS, INSA Lyon, 
Ecole Centrale de Lyon, Université de Lyon, Tohoku University, but also of French 
Embassy in Japan and French region Auvergne Rhône Alpes, about 80 researchers and 
students presented their work on Saturday March 8th on Katahira campus of Tohoku 
University, and from Sunday March 9th to Tuesday March 11th in Naruko in Japan. 
This year, in addition to the scientific presentations (43 oral presentations and 32 
posters), a dedicated session devoted to industrial partners (Nippon Steel, Michelin, 
Blue Practice) and also institutional partners (Miyagi Prefecture, French embassy) and 
to key projects in Tohoku University was successfully organized. This event sustains the 
Lyon / Tohoku partnership in a long-term scientific excellence approach, but also proves 
the strategy of being fully involved in the economic and societal stakes of both 
metropoles. 
 

�. 研究目ᶆの㐩成≧ἣ 

学術的なほⅬからは，マルࢳスࢣール・マルࢪࣇࢳックス⌧㇟の力学モデリンࢢの基

盤となる，高機能ᮦᩱ・流体の࣑ࣗࢩレーࣙࢩン，モデリンࢢ等の研究㡿ᇦについて，共

同研究研究を᥎㐍した． 
上グの共同研究についての成果を共᭷するとともに，マルࢳスࢣール⌧㇟のᢕᥱや⌧㇟

⌮解のための学⌮のᵓ⠏ࠊ解析手法の㛤発を行うために，᪥および᪥⡿間の࣡ークࣙࢩ

ッࣉを㛤ദした．ⱝ手研究者の発᥀と⫱成を目的として，リࣚン大学，࣡ࢩントン大学，

東北大学の大学院生のཧ加のもとࢧマースクールを㛤ദした． 
 
 ᚋのㄢ㢟ࡵࡲ .�

 マルࢳスࢣール・マルࢪࣇࢳックス⌧㇟の力学モデリンࢢの基盤となる高機能ᮦᩱ・

流体の࣑ࣗࢩレーࣙࢩン，モデリンࢢ等の研究㡿ᇦで᪥⡿間の共同研究が㛤ጞされ，成

果を挙ࡆつつある． 
後これらの成果をࡩまえ，⏘学㐃ᦠのためのン࣋ࣗ࢟ーࣙࢩンとなるࢸーマの᥎㐍

と⏘学㐃ᦠ研究の㛤ᣅを行う． 
 
�. Research results  

1� -ournal �incluGeG international conIerence with peer review anG tutorial paper� 

[1] B. Zhang, B. Gupta, B. Ducharne, G. Sebald, T. Uchimoto: Dynamic magnetic scalar 
hysteresis lump model, based on Jiles-Atherton quasi-static hysteresis model 
extended with dynamic fractional derivative contribution, IEEE Transactions on 
Magnetics, Vol.54, No.11, (2018), 7301605. 

[2] B. Gupta, T. Uchimoto, B. Ducharne, G. Sebald, T. Miyazaki, T. Takagi: Magnetic 
Incremental Permeability Non-destructive Evaluation of 12 Cr-Mo-W-V steel creep 
test samples with varied ageing levels and thermal treatments, NDT&E 
International, Vol. 104, (2019), pp. 42-50. 

2� ,nternational anG Gomestic conIerences� meeting� oral presentation etc. �incluGeG 

international conIerence without peer review� 

[3] 高ዉ⚽㸸࢜ンᾮ体㟼㟁ᄇ㟝の流体力学的≉性解析と㓟化Ⅳ⣲分離྾の応用，

➨㸯回熱流体࢛ࣇーラム，(2018), 2018 年 5 ᭶ 19 ᪥，ᣍᚅㅮ₇． 
�� Patent� awarG� press release etc. 
�Patent� 

Not applicable. 
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�Press release�  

Not applicable. 
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†Applicant, ††IFS or non-IFS responsible member 
 
1. Purpose of the project 

The study is targeted to perform fundamental and applied research, as well as 
design work aimed at creating compact, environmentally friendly and efficient 
microchannel matrix burners and new micro-burning technologies. On the basis of 
microchannel burners, effective infrared sources of radiation with controlled power 
can be developed for various industrial applications, as a replacement for electric 
heat sources, as well as burners for burning lean and extremely lean gas mixtures 
that will be used as gas afterburners or as devices for utilization of oil or mine gases. 
Creation and improvement of a new generation of microchannel radiating burners 
requires additional fundamental studies related to a deep understanding of the 
processes of micro combustion or gas combustion in micro channels. The purpose of 
these studies is to create models and numerical algorithms for determining of flame 
stabilization region in microchannel matrix burners, as well as experimental 
facilities aimed at verification of theoretical calculations, which are necessary for 
design and optimization of microchannel matrix burners. The complementary 
researches were performed by four Russian teams and team from IFS. 

 
2. Details of program implement  

The complementary researches were performed by four Russian teams and one 
team from IFS. The participants discussed current scientific problems related with 
project at the international conferences such as 37th International Symposium on 
Combustion held in August 2018 in Ireland and ICFD 2018 conference held in 
Japan in November 2018.  The Russian teams discussed scientific problem of the 
project at the conferences and workshops held in Russian research Institutes 
involved in the project. The on-line seminars using internet were organized for 
discussion and approbation of the scientific results obtained by all teams involved in 
the project. The tasks of the project distributed among the teams and the all tasks 
will form complementary study. Generally, the teams from IFS and FEFU conducted 
experimental research of gas combustion in micro channels systems and 
investigations of flame structure in micro channel. The team from Moscow 
developed theoretical approach to create reduced chemical kinetics model of 
combustion of practical fuels. The team from Novosibirsk dealt with development of 
effective numerical algorithms for modeling of gas combustion and heat radiation in 
micro channel systems. The Tomsk team developed special materials for micro 

International multiple collaborative research 
Project code J18R003 
Subject area Environment and energy 
Research period April 2018 ~ March 2019 
Project status 1st year 
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channel matrix using by self-propagating high temperature synthesis methods.  
 
3. Achievements 

The following results concerning gas combustion in microchannel were obtained by 
team from Far-Eastern Federal University in collaboration with ITAM SB RAS.  
The new configuration of slot-jet burner which allows investigation of stretched 
flames structure at very low flow rates was proposed. In this configuration two 
opposite gas flows from slot-jet burners are formed between two quartz parallel 
plates as it is shown at Figure 1. To get flow characteristic inside microchannel the 
particle image velocimetry (PIV) is used and the burner allows measurements of gas 
temperature by thermocouples using the small gap in quartz plates. The advantage 
of the proposed burner over the conventional counter current burners is the 
possibility to get information about stretched flame at small flow rates in the 
normal gravity conditions [1]. Experimental and theoretical investigations of the 
premixed flames in counter-flow slot-jet configuration reveal existence of the various 
stationary combustion modes including normal flame, near-stagnation plane flame, 
weak flame and distant flame. For the flames stabilized in the vicinity of stagnation 
plane at moderate and large stretch rates the effect of channel walls is basically 
reduced to additional heat loss. For distant flame characterized by large flame 
separation distance and small stretch rates intensive interphase heat transfer and 
heat recirculation are typical. It is shown that in mixture content / stretch rate 
plane the e[tinction limit curve has ε-shape (see Figure 1), while for conventional 
counterflow flames it is known to be C-shaped. Analysis of the numerical results 
makes possible to reveal prime mechanisms of flame quenching on different 
Eranches of ε-shaped extinction limit curve. Namely, two upper limits are caused by 
stretch and heat loss. These limits are direct analogs of the upper and lower limits 
on conventional C-shaped curve. Two other limits are related with weakening of 
heat recirculation and heat dissipation to the burner. Thus, the study provides a 
satisfactory explanation for the experimental observations of stretched flames in 
narrow channel. 

Figure 1: Scheme of the counterflow flames in planar microchannel (left) and stretch 
rate/mixture content diagram with ε-shape curves evaluated for different distances 
L between slot-jet burners (right) [1].  
 
To examine the effect of Lewis number on the extinction boundary, flame regimes, 
and the formation of sporadic flames, microgravity experiments on counterflow 
flames for CH4/O2/Kr (Leௗ§ௗ0.7–0.8) and CH4/O2/Xe (Leௗ§ௗ0.5) mixtures, and three 
types of computations, which are one-dimensional computations with a 
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To examine the effect of Lewis number on the extinction boundary, flame regimes, 
and the formation of sporadic flames, microgravity experiments on counterflow 
flames for CH4/O2/Kr (Leௗ§ௗ0.7–0.8) and CH4/O2/Xe (Leௗ§ௗ0.5) mixtures, and three 
types of computations, which are one-dimensional computations with a 

PREMIX-based code using detailed chemistry, and three- and one-dimensional 
computations with the thermal-diffusion model using an overall one-step reaction 
were conducted by FEFU’s and IFS Tohoku teams [2]. In the microgravity 
experiments, planar flames, planar flames with propagating edges, planar flames 
with receding edges, star-shaped flames, cellular flames, and sporadic flames were 
identified, and their regions of existence in the equivalence ratio-stretch rate plane 
were obtained. Sporadic flames were formed for mixtures diluted by Xe gas but the 
same is not observed for mixtures diluted by lighter Kr gas. Similarly, sporadic 
flames were formed at Leௗ=ௗ0.50 but not at Leௗ=ௗ0.75 in the three-dimensional 
computations with the thermal-diffusion model. Also, the flame regime of sporadic 
flames extended far beyond the extinction boundaries obtained in the 
one-dimensional computations in both experiments and the three-dimensional 
computations. Furthermore, a comparison of the sporadic flames and flame balls in 
the three-dimensional computations showed that sporadic flames are intermediate 
combustion modes that segue flame balls to propagating flames. 
Laminar flame of low-Lewis-number premixtures are known can exist in two 
stationary combustion modes that are flat flame propagating with constant velocity 
and unmovable flame ball. The existence of others intermediate flame 
configurations between flat flame and the flame ball are still remains open 
theoretical problem. The theoretical study conducted by FEFU team is an attempt 
to find universal solutions within frame of diffusion-thermal model which describe 
the class of flame stationary modes that are transient between flat flame and the 
flame ball. The method of evaluation of propagation velocity and the shape of 
ball-like flame was proposed. In the limiting cases the obtained solutions transform 
into solutions describing flat nonadiabatic flame or unmovable flame ball.  
Power generation usually requires removal of thermal energy from the system. The 
impact of the heat removal on the dynamics of a premixed flame in the case of a 
simple, but representative, counter-current micro burner was evaluated in paper [3] 
by theoreticians from FEFU and ITAM SB RAS. In this configuration, two opposed 
streams of fresh gases with the same equivalence ratio Ԅ are introduced, at the 
same velocity UF, in the burner through narrow, infinitely long channels. The 
channels are separated by the common wall from which the heat used for power 
generation is removed. A flame-sheet chemistry model and a realistic, specifically 
developed, one-step Arrhenius kinetics are used and compared in order to explore 
the importance of finite-rate chemistry effects. Finite-rate is found to play a 
significant role especially near the extinction limit (low velocities) and at high 
temperatures (high velocities) where distributed reaction can lead to autoignition. 
The changes in the flame stabilization position and operation limits of the micro 
burner are analyzed. Significant variations in combustor operation were found when 
energy is extracted from the system. Power generation efficiency is also studied, to 
conclude that an optimum level of energy extraction exists for each equivalence 
ratio and also that an optimum equivalence ratio exists. 
Experimental and numerical results on premixed flame penetration and subsequent 
propagation in a multichannel burner are presented [4]. The burner consists of the 
set of planar straight quartz channels which transverse sizes can be varied. It is 
found that, depending on mixture flow rate, equivalence ratio and channels 
transverse sizes a big variety of combustion regimes can be observed. These regimes 
include burner-stabilized flames, upstream propagating flames, and flames 
stabilized under the burner external surface. The placement of different combustion 
regimes in equivalence ratio/flow rate plane is plotted by means of experimental and 
numerical studies. In wide range of parameters, the flame pulsations consisting of 
repetitive stages of flame ignition, upstream propagation, and quenching take place. 
Results of numerical simulations obtained in the framework of simplified 

－ 185 －



thermal-diffusion model are found to be in a good qualitative agreement with 
experimental data and allow to explain experimental findings. 
 

 
Figure 2. Photograph (a), assembly model(b) and scheme of examined configurations 
of the multichannel burner (c).  
 
Experiments and numerical simulations demonstrate a big variety of combustion 
regimes in the multichannel burner including burner - stabilized flames, upstream 
propagating flames, and flames stabilized under the burner external surface (see 
Figure 3.).  

Figure 3. Temperature, concentration, and chemical reaction rate distributions for 
different combustion modes in configuration I. 
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The placement of different combustion regimes in equivalence ratio/flow rate plane 
is plotted on the basis of experimental observations and numerical simulations.  
It is found that in the wide range of moderate flow rates and equivalence ratios, the 
flame penetration and subsequent upstream propagation are accompanied with 
pulsations. These pulsations consist in repetitive flame ignition, upstream 
propagation and extinction, in perfect analogy to FREI phenomenon (Maruta et al., 
2005). Flame pulsations are the origin of noticeable sound produced by the 
multichannel burner. Despite fast motion of oscillating flame fronts, the average 
propagation velocity of the combustion wave is typically of the order of mm/s. This 
fact points to the strong thermal coupling between gas and solid phase which is 
typical for filtrational gas combustion. Thus, presented results on FREI-type flame 
oscillations may provide possible explanation of the noise frequently appearing in 
porous burners. All these results have been obtained by FEFU’s, ITAM SB RAS and 
IFS Tohoku teams. 
The radiative micro channels burners made of SHS porous materials were created 
in TSC SB RAS. This study has been motivated by the previous experimental 
findings on temperature and radiative characteristics of cylindrical porous burners 
made of Ni-Al alloy [5]� The findinJs reveal a siJniÀcant improvement in the 
radiation efficiency of the burners operated in an internal combustion mode. In this 
combustion mode, the flame stabilizes in an internal cavity of a cylindrical burner 
that allows achieving the radiation efficiency of about 60%. The burners convert the 
combustion heat into an IR flux with the efficiency close to the maximum possible 
[5]. The radiation and NOx emission characteristics of new type of radiative burners 
were investigated. The novelty of the burners is the combination of conical steel 
reflector and cylindrical Ni-Al porous burner. Two operation modes have been 
investigated: with fuel-air mixture preheating by means of heat recuperation, and 
without preheating. The optimal operation regimes were found which allows rich 
65-75% radiation efficiency and NOx emission less than 50 ppm in the range of 
firing rates of 50-400 kW/m2. 
 

 
 
Figure 4. (a) Radiation burner configuration: 1 -housing; 2 - flow distributor; 3 - 
cylindrical emitter. (b) - Burner in operation. (c) - Porous matrix. Dependencies of 
the maximal radiation efficiency on the firing rate for different types of fuel-air 
mixtures are shown at the right diagram. 
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A global kinetic model which includes fuel, oxygen, products and two radical species 
involved into the reversible chain-branching, chain propagation and 
chain-termination reactions was proposed in paper [6] by LPI RAS team. The model 
extends the Zeldovich-Li˜n´an and the Zeldovich-Barenblatt-Dold models and can be 
applied to describe the deflagration wave of the hydrocarbon fuel/air mixture with 
arbitrary equivalence ratio under the simplifying thermal-diffusive approximation. 
This is probably the first global chain-branching reaction model, which has two 
active radicals: chain-branching and chain-propagating radicals with the additional 
inclusion of reverse reactions to describe the flame equilibrium products. It is of 
interest to mention that such a simplified approach with only inclusion of backward 
processes and a more accurate equilibrium description allows one to obtain the shift 
of maximum temperature. The dependence of equilibrium downstream species 
concentrations on the mixture composition qualitatively agrees with the 
corresponding behavior of the concentrations of reaction species in the products of 
the hydrogen–air flames. The equilibrium characteristics are shown to be strongly 
affected by the rates of the reactions: as a rule the forward reactions promote, while 
backward reactions inhibit the flame propagation. The generalized model facilitates 
numerical simulations gas combustion in complex flows and geometries of the 
combustion chambers. The developed model allows to use it in future work to 
investigate the effect of addition of chemical inhibiting agents and other factors 
(electric discharge or field, flame-wall interaction etc.) on the structure and the 
characteristics of premixed and diffusion flames. 

 
4. Summaries and future plans 

The results obtained by all teams give new fundamental knowledge on combustion 
in the porous media and micro channels that will facilitate the development of new 
eco-friendly combustion technologies. The outlined research plan was fulfilment in 
generally. The all obtained results will be presented at ICFD 2018 and submitted for 
publication in reviewed journals.  
The future plan of the project proposes for the first time to use gas combustion 
technologies in small-sized flat channels to obtain fundamental knowledge of the 
combustion waves structure. Studies of combustion in flat channels will allow to 
create inhomogeneous gas flows in the space between parallel plates with specified 
characteristics, and the flame localization in the gap between the plates will allow 
optical and thermocouples measurements of the characteristics of the reacting gas 
mixture. Heating the walls of the channel with an external heat source will allow 
maintaining the specified temperature profile in the walls, which will make it 
possible to investigate the characteristics of the combustion waves at elevated 
initial temperatures. In addition, the relative simplicity of the organization of 
combustion at elevated initial temperatures and pressures and the convenience of 
visual and temperature measurements create advantages in the study of the flame 
structure in flat channels, compared with traditional methods. Particular 
importance for advanced gas combustion technologies is the development of global 
and reduced models of chemical reactions and the acquisition of data on the 
parameters of simplified models near the flammability limits and lean gas burning. 
To date, a large amount of kinetic data and models of different levels of complexity 
have been accumulated: from a detailed description (including thousands of 
elementary stages) to global phenomenological models that include a small number 
of stages. Note that even within the framework of one-stage kinetics, there is still no 
generally accepted phenomenological model describing the dependence of the 
normal flame velocity on the local curvature of the front and the flow stretch 
parameter. The absence of global kinetic models of the dynamic behavior of the 
flame in a wide range of physical parameters makes it ineffective or even impossible 
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to perform engineering calculations using conventional computational tools due to 
the large number of phenomena with a wide spread of characteristic times and 
spatial scales. For many reaction systems, reliable detailed kinetic models are 
missing, and the development of global kinetic models is probably the only way to 
model combustion in practical devices at the present time. The proposed project will 
allow verification of existing and newly created global flame propagation models for 
engineering calculations of gas combustion in practical devices. 
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1. 研究目的 

ᨾを起こしたཎᏊ力発㟁所においてデブリษりฟしにకうデブリ⢊ሻあるいは㔠ᒓ⢊を

ムにおいては，⭉㣗㺃₽㣗減⫗⌧㇟が明らかになってࢸスࢩ⎔ᅛᾮ┦流のཎᏊ⅔෭༷ᚠࡴྵ

おらず，かつ高ᨺᑕ⥺量⋡や㞀ᐖ≀のため㓄⟶減⫗の 定㺃ಟ⌮もᅔ㞴であることから，₃ὤ

リスクを低減する᪂しい手法が求められている．本研究では，デブリ⢊ሻをྵࡴᅛᾮ┦流に

よる㓄⟶減⫗モデルを実験と࣑ࣗࢩレーࣙࢩンの୧㠃から᳨ウするとともに，過㓞⎔境におい

てಙ㢗性の高い減⫗速度の評価が可能な㟁☢超音波ࢭンࢧを用いた࢜ンランモニタリンࢢ

とをే用することにより，㓄⟶⣔のリスク⟶⌮を可能とする᪂しい方法ㄽを☜❧する． 
 
2. 研究成果の内容 

�1� ᅛᾮΰ┦流のࣔࢹルῶ⫗ண  

㹟．流動ୗ㟁Ẽ化学実験 
⢊ᮎ状ᅛ体がΰᅾしたᅛᾮΰ┦流における流㊰ቨ㠃での≀㉁⛣動ಀ数を実 した．実 され

た≀㉁⛣動ಀ数を⌧した᮲௳ୗで，㓄⟶ᮦᩱの⭉㣗速度を評価する 定⣔のᵓ⠏とᨵⰋを行っ

た．≀㉁⛣動ಀ数の⌧は，回㌿㟁ᴟ法を中ᚰに᳨ウした．Ỉ㉁パラメータについては，ᗫṆᥐ置

工程に応ࡌて定されるỈ㉁を考៖してタ定した． 
⢊ᮎ状ᅛ体として࢞ラスࣅーズをྵࡴᅛᾮΰ┦流におけるቨ㠃での≀㉁⛣動ಀ数を実 した

とこࢁ，ᾮ༢┦流とẚ㍑して≀㉁⛣動ಀ数が上᪼する結果が得られた．次に，回㌿㟁ᴟ法を用いて，Ⅳ

⣲㗰の⭉㣗速度を㟁Ẽ化学的手法あるいは㔜量法により評価する 定⣔をᵓ⠏した．デブリྲྀりฟし工

程において෭༷Ỉの⁐Ꮡ㓟⣲⃰度が上᪼するを考៖し，᭚Ẽ⎔境をタ定した．そのため，⁐

Ꮡ㓟⣲⃰度モニタリンࢢルーࣉを接続することでヨ験置をᨵⰋした． 
㹠．ᅛᾮΰ┦流の流動評価㸦実験の実㸧 
Ỉ流動ヨ験置を用いて，ヨ験㒊であるエル࣎流入᮲௳を 3,9 計 による流れの可視化実験

により評価し，೫流等がないことを☜ㄆした．೫流等が᭷る場ྜにはエル࣎上流の直⟶㛗さ

やその上流のタンク流入㒊のタ計をぢ直し，ᚲせであれᩚࡤ流㒊をタける等して対応した． 
エル࣎流入᮲௳が㐩成された後に，⢏Ꮚ౪⤥㒊の᭱㐺化を行った．᭱㐺化は，㓄⟶内⢏Ꮚの

分ᩓ状態をその判᩿基‽として行い，㓄⟶内に౪⤥された⢏Ꮚが೫りなく分ᩓするように，౪

⤥㓄⟶の径や౪⤥ཱྀの形状等を変えて評価した．⢏Ꮚ౪⤥は᪤Ꮡの定流量࣏ンࣉを用い，ᅛ体

ᚤ⢏Ꮚとしては，⇞ᩱデブリをᗈ⠊ᅖにᶍᨃするため，㖄や㕲，㓟化㕲等を用い，その大きさは

数 µm㹼 数ⓒ µm をண定した．✀ࠎの⢏Ꮚに対して౪⤥速度等をパラメータとし，3,9 計 で᭱

㐺な⢏Ꮚ⃰度等の知ぢをྲྀ得した． 
㹡．ᅛᾮΰ┦流の流動評価㸦࣑ࣗࢩレーࣙࢩンの実㸧 
ᅛᾮΰ┦流の計算モデルにより，㟁Ẽ化学実験または流動評価実験の᮲௳を㋃まえて，ᅛ体⢏

ᅜ際㐃ᦠබເ共同研究 
課題番号 J18R005 
課題分野 ⎔境・エネルギー分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目 
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Ꮚの᮲௳として⢏Ꮚ径・ᐦ度・⃰度，Ỉ㸦ᾮ体㸧の᮲௳として流速・㓄⟶形状等のパラメータをタ

定して流動計算を実した．また，得られた計算結果より，ᅛᾮΰ┦流の詳⣽挙動のᢕᥱ・ᅛ体

⢏Ꮚのᙳ㡪を᳨ウした．さらに実験の結果と↷ྜして，評価結果のጇᙜ性や解㔘の᳨ウを行っ

た． 
ᅛ体⢏Ꮚモデルによりエル࣎㒊࿘りのᅛᾮΰ┦流の流動解析を実した．エル࣎㒊における

೫流や剥離等のഴ向が実験結果と定性的に一致することを☜ㄆした後に，ᅛ体⢏Ꮚ᮲௳が流動

場や減⫗㇟の流動因Ꮚとなる≀㉁⛣動ಀ数に与えるᙳ㡪を評価した．その結果，㓄⟶内の流

速分ᕸや≀㉁⛣動ಀ数の挙動に対しては，⢏Ꮚ径が᭱もᙳ㡪することが分かった．また，ᾮ┦

レࣀルズ数やストークス数なの↓次ඖ数により，ᅛ体⢏Ꮚが≀㉁⛣動ಀ数に与えるᙳ㡪を

ᩚ⌮できる可能性がある． 
 
�2� (0A7  の㛤Ⓨ࣒ࢸスࢩࢢࣥࣜࢱࢽࣔ

㟁☢超音波共㬆法を用いた評価ಙ㢗度付き減⫗評価法を㛤発するために，ಙ号ฎ⌮法とࣉロ

ーブの㛤発を行った．ᵝࠎな減⫗ᶍᨃヨ験∦に対して得られた実験ಙ号について，超音波ఏ

数値解析結果とẚ㍑することにより，㓄⟶⫗ཌ，減⫗の形状なのパラメータに対する依Ꮡ性を評価し，

ᩚ⌮した．᮰ࣅームᆺࣉローブをヨసした．また，ヨసࣉローブがつくる音場を評価し，ࣅ

ームがタ計㏻りに᮰していることを☜ㄆした．また，㛤発するࢩスࢸムの㐺用性を調ᰝする

ため，⚟ᓥ➨一ཎᏊ力発㟁所において，㐺用を定する⟠所における⎔境に基づいて，ࣉロー

ブの⪏ᨺᑕ⥺性，⪏ೃ性なについてのᩥ⊩調ᰝを行った．また，パルࢧーレࢩーࣂーやಙ号

ฎ⌮㒊なについては，定される⎔境において㐺ษな㜵ㆤࢩスࢸムの᳨ウを行った． 
ームで㛤発した&,9$ࢳランスഃ研究ࣇ ソࣇト0$7)࢙࢘ モࣗࢪールを用いて，超音波ఏ数

値解析を行い実験ಙ号とのẚ㍑を行い，࣑ࣗࢩレーࣙࢩンの᳨ドを行った．また，減⫗ᶍᨃヨ験∦

についての実験結果から，⫗ཌや⢒さに関して計 ㄗᕪとの関ಀをᩚ⌮した．ヨసした᮰ࣅ

ームᆺࣉローブの音場を，超音波可視化ࢩスࢸムを用いて 定し，ࣅームの᮰を☜ㄆした． 
れについて⪏ᨺᑕ⥺性についてᩥ⊩調ᰝࡒーブル，ᶞ⬡ᮦᩱ，Ọஂ☢▼のそれࢣローブをᵓ成するࣉ

を行った．ࢣーブル，ð ⬡ᮦᩱについては，Ǆ ⥺，中性Ꮚ⥺，ǂ ⥺について≉に問題がないことを

☜ㄆした．また，Ọஂ☢▼については，1G ⣔☢▼がᨺᑕ⥺⎔境ୗで減☢することが判明したが，

6P&R ⣔☢▼を用いれࡤ，⪏ᨺᑕ⥺性の問題がないことを☜ㄆした．パルࢧーレࢩーࣂーやಙ号ฎ

⌮㒊なについては，定される⎔境において㐺ษな㜵ㆤࢩスࢸムの᳨ウを行った． 
㛤発するࢩスࢸムの㐺用性を調ᰝするため，⚟ᓥ➨一ཎᏊ力発㟁所において，㐺用を定す

る⟠所における⎔境に基づいて，ࣉローブの⪏ᨺᑕ⥺性，⪏ೃ性なについてᩥ⊩調ᰝした．

また，パルࢧーレࢩーࣂーやಙ号ฎ⌮㒊なについては，定される⎔境において㐺ษな㜵ㆤ

 ．ムを᳨ウしたࢸスࢩ

�i� 㐺用ࡀᐃࡿࢀࡉ⟠ᡤࡑの⎔ቃ 

 (0$7 モニタリンࢩࢢスࢸムの㐺用⟠所としてはཎᏊ⅔圧力ᐜჾ・᱁⣡ᐜჾὀỈタഛの㓄⟶

を定する．(0$7 モニタリンࢩࢢスࢸムにᙳ㡪を及ࡰすせ因は， 度・‵度・ᨺᑕ⥺がண 

される．≉に㓄⟶にྲྀり付けられる(0$7ࣉローブはそれらのᙳ㡪をཷけやすい． 

定する㓄⟶ࢩスࢸムは，ཎᏊ⅔圧力ᐜჾᗏ㒊 度をᴫࡡ ��� Υ未‶に⥔ᣢできる機能を

᭷するようにタ計され，㓄⟶ 度は᭱大で�� Υにタ定している．また，‵度はእẼの流入な

による㔠ᒓ㒊の㗵によるຎ化が考えられる．ཎᏊ⅔᱁⣡ᐜჾにより変化が大きく，結㟢な

内のཎᏊ⅔⤥Ỉ㓄⟶でのᨺᑕ⥺⃰度は，㏻ᖖ⣙ �� %T�FP� �3&9 内Ẽ体�，⣙ ��� N%T�FP� �内

㒊流体�である．ᨾ後のཎᏊ力発㟁所では，ẖ時数6Yの✵間もあるが，ேがసᴗするために

は⿕ࡤく⥺量を数㹫6Y�GD\௨ୗになる場所に(0$7ࣉローブをタ置することがᮃましいと考え

る． 

�ii� ࣟࣉーࣈの⪏ᨺᑕ⥺ᛶཬ⪏ೃᛶ 

(0$7 ローブとして高 超㟁導ࣉーࢧンࢭローブは㟁☢⌧㇟をά用したもので，同ᵝのࣉ

648,'， 㟁流ࣉローブが挙ࡆられる．これらのࣉローブの㍍Ỉ⅔⎔境における⪏ᨺᑕ⥺性を

調べるための࢞ンマ⥺↷ᑕヨ験が実されている>�@．ᨺᑕ⥺性，⪏熱性，⪏Ỉ性のほⅬから，

ᶞ⬡〇のものにすることが᭷効であるࢻ࣑リ࣏ローブのᶞ⬡㒊ရや導⥺の⿕そ等をࣉ
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ことが示されている>�@．これをཷけて，࢙ࣇラトࢥとᕳき⥺からᵓ成される非⥺形 㟁流

*(，ローブࣉ ,0，ࢧンࢭ ルにおけるᨺᑕ⥺⎔境ୗで 定ヨ験がなさࢭット࣍を用いてࢧンࢭ

れた>�@．���� 0*\� ���� 0*\� � 0*\� �� 0*\ までの࢞ンマ⥺↷ᑕ⎔境において，ࣀズレ࣋

ルはᮦᩱの☢Ẽ≉性評価に問題のないレ࣋ルであることが☜ㄆされている．࣏リࢻ࣑ᶞ⬡は

��� Υの高 でのᏳ定性もවࡡഛえていることから，㓄⟶が ��� Υとなっても⪏えることが

できる． 

これらのᩥ⊩調ᰝから，(0$7 リ࣏ル㖡⥺の⿕そ及びᶞ⬡㒊分にはࢥローブをᵓ成するࣉ

 ．ᶞ⬡を用することがᮃましいࢻ࣑

�iii� Ọஂ☢▼の⪏ᨺᑕ⥺ᛶ⪏ೃᛶ 

 (0$7 㸧ルト☢▼㸦6P&R�，6P�&R��なࣂࢥム࢘マリࢧローブをᵓ成するỌஂ☢▼には，にࣉ

とネ࢘ࢪ࢜ム☢▼㸦�1G�'\���)H��%�，1G�)H��%，1G�)H�%な㸧が挙ࡆられる．ࢧマリ࢘ムࢥ

 ．ーリーⅬが高く��� Υ程度で減☢がᑡないࣗ࢟の⭉㣗にᙉくまたルト☢▼は，㗵なࣂ

ネ࢘ࢪ࢜ム☢▼とࢧマリ࢘ムࣂࢥルト☢▼の⪏ᨺᑕ⥺に関するᩥ⊩調ᰝの結果を௨ୗにま

とめる．表 �はᨺᑕ⥺による減☢に関するㄽᩥリストである>�@．ୗグの調ᰝ結果から用する

Ọஂ☢▼はࢧマリ࢘ムࣂࢥルト☢▼とすることがᮃましい． 
 

表 1 ᨺᑕ⥺による減☢に関するㄽᩥリスト 
  ネ࢘ࢪ࢜ム☢▼ ࢧマリ࢘ムࣂࢥルト☢▼ 
Ț ⥺ [5-11] [5, 6, 8-11] 
 ロトン [12-19] [16, 19, 20]ࣉ
中性Ꮚ [7, 21-23] [24] 
㟁Ꮚ⥺ [5, 8, 11, 25-33] [5, 8, 11, 25, 27, 30] 
 
ձ Ț⥺ 

%RRFNPDQらは，�1G�'\���)H��%�，6P&R�，6P�&R��↝結☢▼に対して��&RからのȚ⥺↷ᑕ実験を

行った．ࢧンࣉルࢧズは，ȭ����������� PP�である．�� 0UDGの↷ᑕに対して☢化，ಖ

☢力とも大きな変化はなかった>�@．XQDらは，��&RからのȚ⥺↷ᑕ実験を行った．ࢧンࣉル

 スメータにより計࢘࢞ール⣲Ꮚ࣍ズは，ȭ���� PP�である．☢場変化は↷ᑕ๓後でࢧ

した．1G�)H��% ☢▼に対して᭱大�� 0UDG，また，6P�&R��に対して᭱大��� *UDGまで↷ᑕさ

れたがṧ␃☢᮰ᐦ度のᾘኻはぢられなかった>��@．2NXGDらは，1G�)H��%☢▼，6P�&R��☢▼に

対して��&RからのȚ⥺↷ᑕ実験を行った．ࢧンࣉルࢧズは，ȭ���� PP�である．☢᮰変化

は，���回ᕳき✵ⰺࢥルで計 した．↷ᑕ量��� 0UDGで，1G�)H��%▼の☢᮰変化は，���㸣௨

ୗであった>�@．$OGHUPDQらは，1G�)H�% ☢▼に対して��&RからのȚ⥺↷ᑕ実験を行った．ࢧン

ン�，してある．☢᮰変化はࢢンࢸーࢥルࢣズは，��������� PP�で表㠃はニッࢧルࣉ

ルで計 した．��� 0UDGの↷ᑕでㄗᕪ内である���㸣௨上の変化はぢらࢥࢶル࣍ルム࣊のࢳ

れなかった>�@．.DZDNXERらは，1G�)H��%☢▼に対して��&RからのȚ⥺↷ᑕ実験を行った．�ಶの

☢▼の間に，クリルの୧ഃに㕲ᯈを付けたス࣌ーࢧをᣳみこࢧࡔࢇンࣉルをస成し，クリ

ルᯈ中ᚰに㛤けた✰に࣍ール⣲Ꮚをᤄ入して☢場を計 した．���� 0UDG௨上の↷ᑕで変化は

ぢられなかった>��@． 

ղ ୰ᛶᏊ 

&RVWらは，/RV $ODPRVの2PHJD :HVW UHDFWRUで1G�)H�%☢▼に対し，中性Ꮚ↷ᑕを行った．

ࣄ，ルで計 した．またࢥズは，����� PP�である．☢᮰ᐦ度は，���回ᕳきࢧルࣉンࢧ

スࢸリࢩスルーࣉをYLEUDWLQJ PDJQHWRPHWHUで計 した．��� Υで速中性Ꮚࣇルエンス����

���� Q�FP�，�� Υで �������� Q�FP� の↷ᑕを行い，��� Υにおける減☢が大きいことを示し

た．↷ᑕ初期に大きな減☢が起こり，���� Q�FP�で�� Υでは�㸣，���Υでは��㸣であった．ま

た，〇造メーカによる減☢量のᕪは，あまりなかった．↷ᑕ後，╔☢すると☢᮰ᐦ度はඖに

ᡠり，ಖ☢力は��㸣ቑ加した>��@．さらに，6P&R�☢▼，6P�&R��☢▼に対して中性Ꮚ↷ᑕを行っ

た．ࢧンࣉルࢧズは，ȭ�������� PP�である．速中性Ꮚࣇルエンスは，᭱大������ Q� FP�
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である．☢᮰ᐦ度をピックッࢥࣉルと࣍ール⣲Ꮚで計 した．��� N2Hの㏫☢場中で�� .，

��� .，��� .の 度で↷ᑕを行った．ᨺᑕ⥺減☢の 度依Ꮡ性は大きくはないが，��� .より

�� .の方が減☢は大きかった．�� .で㏫☢場のある方が，㏫☢場がない場ྜより減☢は大きか

った．〇造メーカにより減☢量にᕪがぢられた>��@． 

%URZQと &RVWは，�♫の1G�)H�%☢▼について中性Ꮚ↷ᑕを行った．ࢧンࣉルは�㎶��� PP௨

ୗのゅᰕで，ࢧンࣉルの㛗さと径のẚ㸦/�'㸧を変えて〇సした．�� Υで速中性Ꮚࣇルエンス 

������ Q� FP�の↷ᑕを行った．␗なる〇造ᴗ♫の☢▼は，␗なるᨺᑕ⥺減☢ྜとなること

を示した．また，☢▼成分の1Gを'\または7Eで置し，ಖ☢力を大きくすることにより⪏ᨺᑕ

⥺減☢を向上さࡏることができることを示した．/�'ẚの大きい☢▼⪏ᨺᑕ⥺性があるこ

とを示した．☢▼�ಶをิに୪べて↷ᑕすると，中ኸにẚべ୧➃が᭱も減☢し，位置の依Ꮡ性

を示した>��@． 

$OGHUPDQらは，2DN 5LGJH 1DWLRQDO /DERUDWRU\において��� 0H9の速中性Ꮚ↷ᑕを 1G�)H�% 

ࢢンࢸーࢥルࢣズは，��������� PP�で表㠃はニッࢧルࣉンࢧ．ルに対し行ったࣉンࢧ

してある．☢᮰変化は，�ンࢳの࣊ルム࣍ルࢥࢶルで計 した．�� Υで速中性Ꮚࣇルエン

ス��������� Q�FP�の↷ᑕを行い��㸣௨上のṧ␃☢᮰ᐦ度の変化があった． 

また，熱中性Ꮚに対して同ᵝの実験を行ったが，ࣇルエンス������ Q�FP�の↷ᑕで᭷ពな変

化はぢられなかった>�@． 

.DZDNXERらは，-$(5,�7RNDLの )16�)DVW 1HXWURQ 6RXUFH�において�� 0H9の中性Ꮚ↷ᑕをಖ

☢力の␗なる 1G�)H��%☢▼に行った．�ಶの☢▼の間に，クリルの୧ഃに㕲ᯈを付けたス࣌

ーࢧをᣳみこࢧࡔࢇンࣉルをస成し，クリルᯈ中ᚰに㛤けた✰に࣍ール⣲Ꮚをᤄ入して☢場

を計 した．ࣇルエンス��������� Q�FP�の↷ᑕを行い᭱大��㸣の☢場変化があった>��@． 

ճ ࣥࢺࣟࣉ 

%ODFNPRUHらは，75,80)のࢧクロトロンを用いて���0H9のࣉロトン↷ᑕを行った．ࢧンࣉ

ルは，6P�&R��，6P&R�，�6P3U�&R�，1G�)H�%が用いられた．ࢧンࣉルࢧズは，������������ 

PP�，1G)H%については，������������� PP�である．☢場は��回ᕳきࢥルで計 した．6P&R

☢▼のᖹᆒ↷ᑕ量は��� 0UDGである．いずれも減☢したが1G�)H�%は� 0UDGで��㸣௨上☢᮰を

ᾘኻした．ᨺᑕ⥺減☢には〇造メーカ依Ꮡ性がある．6P&R�は↷ᑕ後，╔☢すると↷ᑕ๓よ

りࢃずかに☢場がቑえた．╔☢した☢▼をび↷ᑕすると初回より᪩い減☢を示した．

1G�)H�%は↷ᑕ後，╔☢するとඖの値にᡠった>��@． 

.¦KN¸QHQらは，1G�)H��%☢▼に�� 0H9のࣉロトン↷ᑕを行った．ࢧンࣉルࢧズは，�������

���� PP�である．+HOPKRO] FRLO及びLQGXFWLRQ FRLOにより☢場を計 した．↷ᑕ量��� 0UDG 

において，��� .で↷ᑕした☢▼にẚべ，�� .での↷ᑕの方が����ಸᨺᑕ⥺に対してᙉかった
>��@．DOYLWLHらによると↷ᑕ๓後でのࣄスࢸリࢩスカーブについて大きなᕪはなかった．また，

 ．@��<トロンᑑ 定においてYDFDQF\の㞟中はほ されなかったࢪ࣏

さらに，�� 0H9のࣉロトン↷ᑕを1G�)H�%☢▼に対して行った．ࢧンࣉルࢧズは，�������

�� PP�及び ����� PP�である．↷ᑕ 度�� .���� .の間で 度と減☢量との間に依Ꮡ性があ

った．���� 0UDGの↷ᑕで❧方体のࢧンࣉルで☢化方向と↷ᑕ方向がᖹ行なものは��㸣，ᆶ直

なものは��㸣の☢᮰ᐦ度のᾘኻがあった．☢▼形状による依Ꮡ性がぢられた>��@． 

さらに，1G�)H�%☢▼に対して��，��，��，�� 0H9のࣉロトン↷ᑕを行った．ࢧンࣉルࢧ

ズは，����������� PP�である．↷ᑕ量��������� SURWRQVにおいて，㡰方向のእ㒊☢場ୗで

↷ᑕした☢▼のうが㏫☢場ୗのものより減☢量がᑠさくなる⥺形の関ಀがあった．����� 

0H9の⠊ᅖで減☢量とࣉロトンのエネルギー依Ꮡ性は，あまりぢられなかった>��@． 

,WRらは，��� 0H9のࣉロトン↷ᑕを行った．�� 0UDGまでの↷ᑕで1G�)H��%は大きく減☢した

が6P�&R��は変化がなかった．パー࣑ンスಀ数とಖ☢力がቑ加すると⪏ᨺᑕ⥺性もቑ加した>��@．

↷ᑕ後，╔☢するとࡰもとのᙉさにᡠった>��@．またಖ☢力にも変化がなかった．╔☢

したࢧンࣉルを↷ᑕするとඖと同ࡌᨺᑕ⥺減☢を示した>��@． 

մ 㟁Ꮚ⥺ �%remsstrahlung� 

/XQDらは，/DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\のラࢼックを用して㟁Ꮚ⥺↷ᑕを

行った．ࢧンࣉルࢧズは，ȭ���� PP�である． 
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�� 0H9の㟁Ꮚ⥺の☢▼の直接↷ᑕ，↷ᑕ量�� NUDGで1G�)H��%☢▼は���㸣の変化がぢられ

たが，6P�&R��☢▼については変化がぢられなかった． 

�� 0H9の㟁Ꮚ⥺を��� PPࣅ࣊ーメタル�� PP㖡のターࢤットᡴࡕ㎸み制動㍽ᑕ

㸦%UHPVVWUDKOXQJ㸧を発生さࡏた．᭱大��� *UDGまでの↷ᑕに対して，3U��)H��%� ! 1G�)H��% ! 

6P�&R��の㡰に☢᮰ᐦ度のᾘኻは大きかった．たࡔし，6P�&R��については変化がぢられなかった．

�✀㢮の1G�)H��%については大きな減☢量のᕪがあったが，〇造メーカが␗なるためであると考

えられる>��@． 

&RORPSらは，(65) �(XURSHDQ 6\QFKURWURQ 5DGLDWLRQ )DFLOLW\�の⥺形加速ჾを用いて��� 

0H9の㟁Ꮚ⥺↷ᑕを行った．ࢧンࣉルࢧズは，������� PP�である．ิに୪べた1G�)H��%，

6P�&R��，6P&R�に↷ᑕ量�� 0UDGまで↷ᑕしたが同ࡌ☢▼であってもิの場所により変化量は␗

なった．ࢧマリ࢘ム☢▼にẚべネ࢘ࢪ࢜ム☢▼は大きく減☢した．ṧ␃☢᮰ᐦ度が大きく，ಖ

☢力がᑠさな☢▼大きな減☢を示した>��@． 

2NXGDらは，2VDND 8QLYHUVLW\の,6,5 �7KH ,QVWLWXWH RI 6FLHQFH DQG ,QGXVWULDO 5HVHDUFK�

の/�EDQGラࢼックを用いて�� 0H9の㟁Ꮚ⥺をỈ流中の☢▼に↷ᑕした．ࢧンࣉルࢧズはȭ

���� PP�である．☢᮰変化は���回ᕳき✵ⰺࢥルで計 した．↷ᑕ量�������� &�FP�で1G�)H��% 

☢▼は�㸣，�������� &�FP�で6P�&R��☢▼は���㸣௨ୗの☢᮰のᾘኻであった．ᨺᑕ性減☢した

 ．@�<もとの☢᮰にᡠったࡰルは，╔時するとࣉンࢧ

,NHGDらは，上グの実験にᘬき続き�� 0H9の㟁Ꮚ⥺↷ᑕ実験を行った．↷ᑕ量は�������� 

&�FP�である．↷ᑕ量とともに1G�)H�%☢▼の☢᮰のᾘኻはቑ加した．6P�&R☢▼については↷

ᑕ量�������� &�FP�までで変化がぢられなかった>�@． 

�iv� ⨨の㜵ㆤ 

本研究で᳨ウしているࢩスࢸムの置は，パルࢧーレࢩーࣂー，ࣉリンࣉ内ⶶࣉローブษ

᭰機，))7変置及びࣀートパソࢥンである．これらの置は，低ᨺᑕ⥺量の低い ‵度の

Ᏻ定した✵間にタ置することがᮃましい．(0$7ࣉローブから置までの㊥離が�� P௨ୗの場所

であれࣀ，ࡤズとཷಙಙ号の減⾶のᙳ㡪はすくない．たࡔし，ࣉリンࣉ内ⶶࣉローブษ᭰

機は(0$7ࣉローブから� P௨内に置きཷಙಙ号をቑᖜしษ᭰機の㓄⥺の本数を減らすことがᮃ

ましい． ‵度のᙳ㡪の大きい⎔境においては，⣡ᗜを用ពして᩿熱ᮦで⿕い，また調‵

なにより ‵度を⟶⌮することがᮃましい． 
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��� ࣜスࢡホ౯ 

デ᩿手法の評価ㄗᕪ及び☜定せ⣲による㐍行速度の☜実性を考៖した࣋ズ᥎定に

よる☜⋡的ᦆയ㐍行速度評価を用いたᑗ᮶のᦆയ状態の☜⋡的評価法のᵓ⠏を行った．対㇟

ᵓ造では，㏻ᖖのᵓ造を対㇟とする場ྜにẚべㄗᕪが大きく，またᦆയ㐍行速度の☜実性が

大きくなると定される．そのため，用いるྛㄗᕪの☜⋡分ᕸは本ጤクᴗົにて実する減⫗

評価をཧ考に᳨ウした．㐍行ண には࣋ズ᥎定にて㐍ᒎ速度ೃ⿵の☜ಙ度を評価する手法を

用いた．また，ᵓ⠏したᑗ᮶のᦆയ状態の☜⋡的評価法により，ᑗ᮶の工学的リスクを評価す

る手法の᳨ウを行った．ɔ ⠏したࢩスࢸムでは，」数Ⅼの計 時期の␗なる計 結果をデータとし

た࣋ズ᥎定により，ᑗ᮶の㓄⟶内㠃の減⫗量をண ，そこから◚ᦆ☜⋡及びリスクの評価を行う．

計 手法は (0$7を定し，(0$7計 ㄗᕪを考៖した減⫗㐍行を定した࣑ࣗࢩレーࣙࢩンから，ɔ

⠏ࢩスࢸムの᭷効性を明らかとした．さらに計 ㄗᕪがᣑ大・縮ᑠした場ྜのᙳ㡪を᳨ウした．

また同࣑ࣗࢩレーࣙࢩンから，(0$7計 Ⅼ数，計 ㄗᕪの◚ᦆ☜⋡与えるᙳ㡪を明かとした． 

 

�. 研究目ᶆの㐩成≧ἣ 

本研究ではᅜ際共同研究により，デブリྲྀりฟし工程で発生する可能性のあるᅛᾮΰ┦流

ୗでの㓄⟶減⫗モデルを実験と࣑ࣗࢩレーࣙࢩンの୧㠃から᳨ウするとともに，過㓞⎔境に

おいてಙ㢗性の高い減⫗速度の評価が可能な㟁☢超音波ࢭンࢧを用いた࢜ンランモニタ

リンࢢをే用することにより，㓄⟶⣔のリスク⟶⌮を可能とする᪂しい方法ㄽについて᳨ウ

した． 

㓄⟶ࢩスࢸムにおける⭉㣗㺃₽㣗モーࢻと減⫗速度は，機ᵓㄽ的モデルに❧⬮した࣑ࣗࢩ

レーࣙࢩンと≀㉁⛣動ಀ数を制御した㟁Ẽ化学実験を⤌みྜࡏࢃて評価した．さらに，㓄⟶

減⫗をᖖ時┘視するための㟁☢超音波ࢭンࢧネット࣡ークをタ計，㛤発した．減⫗評価方法

のಙ㢗性を向上さࡏるために，᳨ ฟ☜⋡と減⫗評価性能を評価し，ᨵⰋを行った．ᨵⰋⅬも

ྵめて，ࡰ目ᶆを㐩成したと考えられている． 

 

 ᚋのㄢ㢟ࡵࡲ .�

本研究は本බເ共同研究に加え，ᩥ 㒊科学┬のⱥ知を⦅㞟したཎᏊ力科学技術・ேᮦ⫱成

᥎㐍及びࣇランスの$15のᨭにより実した．ᅜ内のᑓ㛛ᐙをᣍ⪸し，本研究課題の計画

と方法についてពぢをした．ࣇランスഃ研究⤌⧊との研究ᡴྜࡏを行い，ල体的な研究

実㡯目の調ᩚを行うとともに，研究㐍ᤖ状ἣについてሗを共᭷した． 

 

�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

なし 
2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 
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1. Purpose of the project 

1umerical simulation of inhomoJeneous mi[inJ of plasma species in the 
h\Erid-staEili]ed arJon-steam electric arc for Eroad ranJe of operational parameters� 
&omparison of the calculated results Zith our former calculations and availaEle 
e[periments� 
 
2. Details of program implement  

)urther elaEoration of the e[istinJ numerical code and its necessar\ testinJ for currents 
hiJher than ��� $� ,nvestiJation of the influence of the upstream arJon mass fraction 
Eoundar\ condition on the plasma characteristics, douEle-peaN radial velocit\ profiles in 
the doZnstream plasma reJion, and Eehavior of plasma plume� 
 
3. Achievements 

 

 
 
)iJure �� 5adial profiles of dominant plasma species for ��� and ��� $ and ���� slm of 
arJon at the no]]le e[it �slm   standard liters per minute��  
 
 

,nternational multiple collaEorative research 
3roMect code -�85��� 
6uEMect area (nvironment and enerJ\ 
5esearch period $pril ���8 a 0arch ���9 
3roMect status �st \ear �proJressinJ� 
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)iJure �� $rJon mole fraction contours for ���-��� $ and ���� slm of arJon� &ontour 
increment is �����  
 

 
 
)iJure �� Temperature and enthalp\ contours for ��� and ��� $ and ���� slm of arJon� 
6team mass floZ rates are ����� J � s-� ���� $� and ����� J � s-� ���� $�� &ontour 
increments are � ��� . for temperature and ��� � ��� J �NJ-� ���� $� and � � ��� J �NJ-� 
���� $� for enthalp\�  
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)iJure �� The comEined temperature and ordinar\ diffusion coefficients T

A BD  and 
X
A BD  for ��� and ��� $ and ���� slm of arJon�  

 
4. Summaries and future plans 

0i[inJ of plasma species in arJon–steam arc discharJe Zith the comEined staEili]ation 
of arc E\ Jas and Zater vorte[ has Eeen studied in this research� The principal results 
can Ee summari]ed as folloZs� 
(a� 0i[inJ of Zater and arJon plasma species is inhomoJeneous under all the studied 
conditions ����-���$, ��-�� slm of arJon�� $rJon species are dominant in the central 
reJions of the arc, Zater ones in arc frinJes� The ma[imum amount of arJon mole 
fraction at the outlet reaches up to ���� 
�E� The results shoZ a principal Tualitative difference EetZeen loZer and hiJher 
currents for arJon mole fraction, mass flu[ of arJon species and enthalp\ Zithin the 
discharJe� ,t Zas numericall\ clarified that arJon and steam must Ee premi[ed to some 
e[tent at the inlet reJion of the vorte[-staEili]ed arc section in order to oEtain a relevant 
aJreement Zith availaEle e[periments� $ model function for the inlet arJon mass 
fraction profile has Eeen found providinJ the Eest fit EetZeen simulation and 
e[periments for currents hiJher or eTual to ���$� $ douEle-peaN in the radial velocit\ 
profile under some operational conditions occurs due to a steeper radial Jradient of 
arJon species toZards the discharJe a[is� 
�c� $ll the comEined diffusion coefficients e[hiEit hiJhl\ nonlinear distriEutions of their 
values Zithin the discharJe, dependinJ on temperature, pressure, and arJon mass 
fraction in the plasma� 9alues of the comEined diffusion coefficients are hiJher for 
temperatures EeloZ �� N.� 
�d� 5eaEsorption of radiation in the discharJe is hiJher for loZ currents due to thicNer 
loZ-temperature arc frinJes� The dependence of amount of reaEsorption on arJon mass 
fraction for a Jiven current is insiJnificant� 
�e� The dominant chemical species in the discharJe at the e[it no]]le are the atoms and 
ions of h\droJen, o[\Jen, arJon, and the 2+ molecule� 
�f� &omparison Zith our former calculations Eased on the homoJeneous mi[inJ 
assumption shoZed the folloZinJ facts� 

ŏ There is a difference in temperature distriEution� %eloZ ��� $ the arc is sliJhtl\ 
sTuee]ed Zith hiJher temperatures at the a[is and arc frinJes are thicNer, i�e� the 
reJions Zith loZ temperatures are Zider� )or hiJher currents the opposite is true�  
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ŏ The mi[inJ model provides hiJher reaEsorption of radiation at loZ currents 
�EeloZ a��� $�, and sliJhtl\ loZer at hiJh currents� 

ŏ (nthalp\ shoZs a Tualitativel\ different distriEution Zith ma[imum values 
shifted from the arc a[is for currents hiJher than ��� $� 

ŏ 9elocit\ at the outlet reJion does not e[hiEit a simple dependence, it can Ee hiJher 
or loZer, dependinJ on the conditions� The principle difference is appearance of a 
douEle-peaN in the radial velocit\ profile for ��� and ��� $, Eut onl\ for some 
arJon mass floZ rates, as a result of hiJh radial Jradient of the arJon mass 
fraction toZards the discharJe a[is� The 0ach numEer is loZer �hiJher� EeloZ 
�aEove� ��� $� 

�J� &omparison Zith our former e[periments Zas presented for the radial temperature 
and velocit\ profiles � mm doZnstream of the e[it no]]le for ���-��� $� ,t shoZs ver\ 
Jood Tualitative and Tuantitative aJreements for temperature Zith the ma[imum 
difference of aEout �-� N.� 9elocit\ profiles calculated usinJ the comEination of 
e[perimental and calculated data �the so called ´inteJrated approachµ� provide much 
Eetter comparison than those oEtained from the oriJinal e[periment, Zith nearl\ 
overlappinJ peaN velocit\ values Eut still larJer differences in arc frinJes� &alculations 
carried out under the assumption of ]ero premi[inJ of species in the upstream 
discharJe reJion for currents hiJher than ��� $ provide the velocit\ profiles far from 
e[perimental values� 
�h� The results of the present simulation elucidated our Eetter understandinJ of mi[inJ 
and diffusion of arJon-o[\Jen-h\droJen species in atmospheric pressure plasmas under 
e[treme radial temperature and mass densit\ Jradients� The validit\ of the oEtained 
results can Ee Jenerali]ed and adopted to other hiJhl\-radiatinJ arc plasmas, especiall\ 
to those usinJ arJon-o[\Jen and arJon-h\droJen mi[tures in a confiJuration Zith 
e[ternall\ positioned anode Zhen the plasma Met floZs in the direction parallel to the 
anode surface� 
�i� $ paper to The (uropean 3h\sical -ournal ' �(3- '� Zith the latest achievements is 
currentl\ under preparation� 
 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 
1ot applicaEle� 

2) International and domestic conferences, meeting, oral presentation, etc. 

>�] -� -eniåta, +� TaNana, +� 1ishi\ama, 0� %artlovi, 9� $uErecht, $� %� 0urph\ � 
0odelinJ of inhomoJeneous plasma-species mi[inJ in atmospheric-pressure 
arJon-steam arc discharJe for Eroad ranJe of currents and arJon mass floZ rates, 
3roceedinJs of the ��th ,nternational 6\mposium on $dvanced )luid ,nformation, 
6endai, ������, &5)-5�, pp� ���-���� 

>�@ -� -eniåta, +� TaNana, +� 1ishi\ama, 0� %artlovi, 9� $uErecht, $� %� 0urph\ � 
0odellinJ of diffusion of plasma species in arJon-steam arc discharJe for suEsonic 
to supersonic floZ reJimes, 3roceedinJs of the ��th ,nternational &onference on 
)luid '\namics, 6endai, ������, 86% )lash 'isc, 26�-��, pp� ���-���� 

>�@ -� -eniåta, +� TaNana, 6� 8ehara, +� 1ishi\ama, 0� %artlovi, 9� $uErecht, $� %� 
0urph\ � 0odellinJ of plasma-species mi[inJ in arJon-steam arc discharJe for 
Eroad ranJe of currents and arJon mass floZ rates, �th ,nternational &onference 
on 0icroelectronics and 3lasma TechnoloJ\ �,&0$3 �����, ,ncheon, .orea, -ul\ 
��-��, (������ 

>�@ -� -eniåta � ([perimental and numerical research of plasma Jas decomposition 
and Jasification at ,33, �th ,nternational &onference on $dvanced 3lasma 
TechnoloJies �,&$3T-��, +ue, 9ietnam, )eEruar\ �� - 0arch �, (������ 

3) Patent, award, press release etc.  
1ot applicaEle� 
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Multiscale Flow and Interfacial Transport Phenomena at Phase and Material Boundaries 

Shigeru Obayashi1, Seiji Samukawa1, Toshiyuki Takagi1, Hirofumi Wada2, Yutaka Watanabe3 
Mitsuo Hashimoto1, Takashi Iijima4, Philippe Guy5, Lalita Udpa6, Yuji Hattori1, Hiroki Nagai1 

Koji Shimoyama1, Makoto Hirota1, Aiko Yakeno1, Gota Kikugawa1, Atsuki Komiya1 
Takeru Okada1, Jun Ishimoto1, Tetsuya Uchimoto1,Hiroyuki Kosukegawa1, Taku Ohara1† 

1Institute of Fluid Science, Tohoku University, 2Graduate School of Science and Engineering, 
Ritsumeikan University, 3Graduate School of Engineering, Tohoku University, 4Natioinal 
Institute of Advanced Industrial Science and Technology, 5Laboratoire Vibrations Acoustique, 
INSA de Lyon, 6College of Engineering, Michigan State University, †Applicant 

1. Purpose of the project 
Boundaries between materials or phases are of critical importance in fluid science and technology. 

Various interfacial and boundary phenomena, such as boundary layer flow, electro- kinetics and 
mass transport, are analyzed here and the multiscale mechanisms are clarified. Some important 
applications, aircraft drag reduction by laminarized wing, electricity generation from flowing 
water-graphene interface for energy harvesting, and characterization of phase transition at 
hydrogen-metal material interfaces related to hydrogen energy equipment are studied. 

2. Details of program implement  
2.1 Aircraft drag reduction by laminarized wing 

The optimal design of an aircraft is expected to achieve an extremely low viscous drag from the 
surrounding flow. About a half of the total drag of an aircraft is due to the air's friction, which is 
dramatically increased by the laminar-to-turbulent transition of boundary layer. Our goal is to 
propose a feasible method of delaying the transition and reducing viscous drag especially on the 
main swept wings, by utilizing the super high-performance computer of IFS. In this project, a direct 
numerical simulation (DNS) is performed by Tohoku University in collaboration with linear and 
nonlinear stability analysis by JAXA and practical advises by Mitsubishi Heavy Industry Co., LTD.  

By using an immersed boundary method, arbitrary shapes of micron-size roughness on a wing are 
modeled in our DNS code and we have evaluated how much they can suppress the crossflow 
instability which is the main trigger of the transition. By optimizing the roughness shape, we found a 
new sinusoidal roughness shape that can delay the transition much more efficiently than the 
conventional discrete roughness elements (DRE). Recent surface processing technology would be 
possible to manufacture it on the real aircraft's wing. 

2.2 Electricity generation from flowing water and graphene interface 
Energy harvesting from the environment has been a topic of interest in recent years. 

Liquid-flow-induced generation of electricity adds to the portfolio of energy harvesting system. 
Ocean wave, waterfalls, and rain are abundant source of energy, showing potential for developing a 
novel electricity system. Electricity generation from the interface between graphene and flowing 
water has reported, however, the mechanisms are still not deterministic. Here, the effect of the 
surface condition of graphene on flow-induced electricity generation is demonstrated by heteroatom 
doping using neutral bean system, which tunes the wettability of the graphene surface in addition to 
modulating the electronic state including the surface potential.  

The electricity generation from flowing water and graphene was demonstrated using single water 
droplet. The voltage generation by the droplet motion on graphene was observed. The generated 
voltage from pristine graphene (non-doped) was 0.08 V. In comparison, a high voltage of over 0.23 V, 
which is three times higher, was observed with the nitrogen-doped graphene. This surprising result 
can be explained by surface charge and hydrophilicity of the graphene, which is tuned by nitrogen 
doping without forming defect.  

We found the doped-nitrogen plays a strong role in higher voltage generation. Our approach has 

Project code J18J001 
Classification Priority collaborative research 
Subject area Multi-scale mobility of humans and materials 
Research period April 2018 ~ March 2019 
Project status 2nd year 
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potential to realize novel electricity system in energy harvesting. 

2.3 Characterization of phase transition at hydrogen-metal material interfaces 
For austenitic stainless steels that are used for structural materials of components in hydrogen 

stations, hydrogen embrittlement (HE) is one of key issues for design and maintenance of hydrogen 
stations. So far, detailed mechanism of HE of austenitic stainless steels is not fully understood in 
view of phase transition.  

In this study eddy current testing (ECT) is applied to evaluate the phase transition of hydrogen 
charged austenitic stainless steels and the effect of phase transition on hydrogen embrittlement is 
discussed. 

Each specimen made of type 304 austenitic stainless steel was put in a high-pressure hydrogen 
container for 336 hours that was kept at a temperature of 300 °C and a pressure of 100 MPa. Next, a 
tensile test with the strain rate of 5.0×10í5 sí1 was performed. The hydrogen charged specimen was 
ruptured at the strain of 25% which is less than half of the uncharged material due to HE. 

Eddy current testing was carried out and the relative permeability was estimated. In both cases 
with and without hydrogen charged, the amount of Į' phase increases with the increase of plastic 
strain. Focusing on the signals of 0% strain specimens, relative permeability is increased by 
hydrogen charging, which indicates that magnetic phase appears by hydrogen charging. Phase 
analysis by EBSD confirmed that increase of relative permeability is due to the martensite formation 
both for with and without hydrogen charged specimens.  

3. Achievements 
The study is in progress as has been planned. 

4. Summaries and future plans 
Three subjects studied here covers a wide range of scale and physical mechanisms specific to 

interfaces and boundaries. Through this study, in-depth understanding of the mechanism will be 
derived which leads to novel technologies in the near future. 

5. Research results (* reprint included) 
1) Journal (included international conference with peer review and tutorial paper) 
*[1] T. Okada, G. Kalita, M. Tanemura, I. Yamashita, M. Meyyappan, and S. Samukawa: Role of 

doped nitrogen in graphene for flow-induced power generation, Advanced Engineering 
Materials, Vol. 20, (2018), 1800387 (6 pages). 

2) International and domestic conferences, meeting, oral presentation etc. 
[2] H. Yamamoto, T. Uchimoto, T. Takagi, H. Enoki, and T. Iijima: Characterization of phase 

transition of hydrogen charged austenitic stainless steels under tensile test condition using 
eddy current testing, 15th Int. Conf. Flow Dynamics, Sendai, (2018), OS18-90, pp. 1034-1035. 

[3] M. Hirota and Y. Hattori: Suppression mechanism of crossflow vortices in a three-dimensional 
boundary layer by triggering less unstable modes, Proc. of the 15th Int. Conf. on Flow 
Dynamics, Sendai, (2018), OS15-8, pp. 818-819. 

[4] T. Hayashida, M. Hirota and Y. Hattori: Suppression of instability in boundary layer on swept 
wing by DRE, Proc. 15th Int. Conf. on Flow Dynamics, Sendai, (2018), OS15-7, pp. 816-817. 

[5] A. Yakeno and M. Hirota: Three-dimensional global stability on Stuart vortex of free shear 
layer, iTi conference on turbulence, Bertinolo, Italy, (2018). 

[6] ᘅ⏣, 手, 林⏣, ᭹㒊㸸➨ 56 回飛行機ࢩン࢘ࢪ࣏ム, (2018). 
[7] ᘅ⏣, 手, 林⏣, ᭹㒊㸸➨ 32 回数値流体力学ࢩン࢘ࢪ࣏ム, (2018). 
[8] ᒣ本, 内一, 高ᮌ, ᴮ, 㣤ᓥ㸸᪥本機Ე学東北ᨭ㒊➨ 54 期⥲・ㅮ₇, (2019). 
[9] ᚨ⏣, 内一, 高ᮌ, ᴮ, 㣤ᓥ㸸᪥本非◚ቯ᳨ᰝ༠➨22回表㠃᥈യࢩン࢘ࢪ࣏ム, (2019). 

[10]  ᘅ⏣, 手, ᭹㒊㸸➨ �� 回「流㑄⛣の解明と制御」研究, ������� 
*[11] S. Obayashi, S. Samukawa, T. Takagi, H. Wada, Y. Watanabe, M. Hashimoto, T. Iijima, P. Guy, 
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1. ◊✲目ⓗ 

ᆅ⌫ ᬮ≀㉁࡛ࡿ࠶ CO2 ࡀᡃࡣࡇࡿࡍᵓ⠏ࢆ࣮࢙ࣥࢳ࣮ࢠࣝࢿ࢚ࡿࡍᐤฟ๐ῶࡢ

ᅜ࡚ࡗᛴົ࡛ࡿ࠶㸬≉ᾏእ࡛〇㐀ࡓࢀࡉCO2࣮ࣜࣇỈ⣲ࢆࢽࣔࣥࡸᅜෆ㍺㏦ࢿ࢚ࡋ

ࡾ࠶ྍḞ࡛ࡀഛᩚࡢ࣮ࣕࢳࢡࣛࢺࢫࣛࣇࣥࡢࡵࡓࡿࡍ⏝㏦㸪㈓ⶶ㸪ά㍺᭦࡚ࡋ※࣮ࢠࣝ

ὶయ⛉Ꮫࡢᙺࡣ࠸ࡁ㸬ᮏ◊✲࡛ࡢ࣮ࣜࣕ࢟ࢠࣝࢿ࢚࣮ࣜࣇ࣮ࣥ࣎࢝ࡣ⏝㛵ࢆ✲◊ࡿࡍ

ὶయ⛉Ꮫࡢᇶ♏ᛂ⏝ࡢ୧㠃ࡽ᥎㐍ࡋᆺ◊✲㈝⋓ᚓࢆ┠ᣦࡍ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᮏ◊✲ࡣ 2 ᖺ┠ࡿ࡞㔜Ⅼබເ◊✲࡛ࡾ࠶㸪ὶయ⛉Ꮫ◊✲ᡤ㸪ᾏ㐨ᏛᏛ㝔㸪ᮾᏛ

Ꮫ㝔㸪ࡽࡉ INSA-Lyon 㸪㸯㸧㈓ⶶ࣭㍺㏦ࡣ㸬◊✲ㄢ㢟ࡿࡼᅜ㝿ඹྠ◊✲యไࡿࡼᩍဨࡢ

ᶵჾࡧࡽ࡞⇞↝ჾ➼ࡢᮦᩱᢏ⾡㸪㸰㸧⇞↝➼࣮ࢠࣝࢿ࢚ࡢᶵჾ㧗ᗘࡢᢏ⾡㸪㸱㸧࣮ࢠࣝࢿ࢚

ᶵჾࡽฟࡿࢀࡉ❅⣲㓟≀ฎ⌮ࡸ⯟✵ᶵ➼ࡢ᭦ࡿ࡞ᛂ⏝ᒎ㛤࣒ࢸࢫࢩࡓࡅྥᢏ⾡ู

 㸬ࡓࡋ㐍ᒎࡀ✲◊ࡶ࡚࠸ࡘᮦᩱホ౯ᡭἲࡢ㸯㸧࠼ຍᡂᯝࡢ㸰㸧㸱㸧ࡣ㸪ᖺᗘࢀࡉ
◊✲ᑐ㇟ࡿ࡞せࡿ࠶࡛ࢽࣔࣥࡣ࣮ࣜࣕ࢟ࢠࣝࢿ࢚࡞㸬ࡣࢽࣔࣥᖖ ᾮᅽຊ 10

Ẽᅽ௨ୗ࡛ࡾ࠶㸪ᖖᅽᾮ ᗘ33.4-ࡶΥ㸪ᗈࡃὶ㏻ࣥࣃࣟࣉࡿ࠸࡚ࡋᕪ࠸࡞㸬Ỉ⣲ࡢᾮ

 ᗘ-256Υẚ㍑ࡿࡍ㈓ⶶ㸪㍺㏦ࡢ୧㠃࡛㠀ᖖ࠸ࡍࡸ࠸ᢅ⇞ᩱ࡛ࡿ࠶㸬ᆺⅆຊⓎ㟁ᡤࡢ⬺

◪ゐ፹ᗈࡃࡾ࠾࡚ࢀࢃ㸪ὶ㏻㠃࡛ࢺࢫࢥࡶపῶࡿ࠶࡛⬟ྍࡀ㸬ㄢ㢟࡚ࡋ⇞↝㏿ᗘ㸪╔ⅆ 

ᗘ࡛࡞⇞↝ᛶࡀపࡸࡇ࠸❅⣲ཎᏊࢆከ㔞ࡵࡓࡴྵ❅⣲㓟≀㸦NOx㸧ࡀ⏕ᡂࡇ࠸ࡍࡸࡋ

࡚ࡋ࣮ࣜࣕ࢟ࢠࣝࢿ࢚࠸࡞ࡋฟࢆࢫ࢞ᐊຠᯝ ࡚ࡗࡼࡇࡿࡍඞ᭹ࢆࡽࢀࡇ㸪ࡀࡿ࠶ࡀ

 㸬ࡿࡲ㧗᱁ẁࡀᛶ⬟ྍࡢ
ᮏ✏࡛ࡣ㸪ࡿࡅ࠾↝⇞ࢽࣔࣥప NO㹶ࡓࡅྥᇶ┙◊✲㸪⇞↝ჾ㛤Ⓨ㔜せ࡞ὶ⇞

↝≉ᛶ㸪⛉Ꮫⓗ㔜せࢽࣔࣥ࡞ᛂᶵᵓࡢ⛉Ꮫⓗᡂᯝ㸪ࢽࣔࣥࡧࡽ࡞⏝ᶵჾࡅ࠾

 㸬ࡿ㏙ࢆᡂᯝࡿࡍ㛵⾡ホ౯ᢏࡢ㔠ᒓᮦᩱຎࡿ
 
ࡢᶍᨃ⇞↝ჾࣥࣅ࣮ࢱࢫ࢞ࢽࣔࣥ 2.1 LESప NOxᢏ⾡㛤Ⓨ 

Fuel NOxࡿ࠶ᚩ࡛≉ࡢ↝⇞ࢽࣔࣥ ฟࢆᢚไࡿࡍ⇞↝ჾ㛤Ⓨ࡚࠸࠾㸪ヲ⣽ᛂࢆ⪃៖

࠸㐜ࡢᗘ㏿↝⇞ࡾࡼὶ࣮ࣝ࣡ࢫࡢჾ↝⇞ࣥࣅ࣮ࢱࢫ࢞㸬ࡿ࠶㔜せ࡛ࡣḟඖ⇞↝ᩘ್ゎᯒ୕ࡓࡋ

ㄢ㢟␒  ྕ J18J002 
༊ศ 㔜Ⅼබເඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 
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ᣑᩓ⇞↝᪉ᘧணΰྜ⇞↝᪉ᘧࡶ㸪⇞↝᪉ᘧࡓࡲ㸬ࡿࡁ࡛ࡀࡇࡿࡏࡉᏳᐃࢆ⅖ⅆࢽࣔࣥ

㸭✵ẼὶணࢽࣔࣥࡓࢀࡉᏳᐃჾ↝⇞࣮ࣝ࣡ࢫࡣ㸬ᅗ㸯ࡿ࠶ᚲせ࡛ࡀᢏ⾡㛤Ⓨࡢ୧᪉ࡢ

ΰྜⅆ⅖ࡢ┤᥋┿࡛ࡿ࠶㸬࣮ࣝ࣡ࢫὶࢽࣔࣥࡾࡼⅆ⅖ࢆᏳᐃࡿࡁ࡛ࡀࡇࡿࡏࡉ㸬ᅗ

ࡢᇶ㒊ࡢ⅖ὶⅆࡿࡅ࠾ჾෆ↝⇞࣮ࣝ࣡ࢫᣑᩓ⇞↝ᆺࡿࡼLESࡓࡋ៖⪄ࢆヲ⣽Ꮫᛂࡣ2

୕ḟඖᩘ್ゎᯒ⤖ᯝ࡛ࡾ࠶㸪ὶ⃰ࡧࡼ࠾ࢀᗘሙࡢᵓ㐀ࢆヲࡃࡋண ྍ⬟࡛ࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶㸬

᭦㸪⏘⥲◊㸦AIST-FREA㸧ࣥࣅ࣮ࢱࢫ࢞ࣟࢡ࣐ࡢ⇞↝ჾᇶᮏᵓ㐀ࣝࢹࣔࡌྠࡀ⇞↝ჾ

ᑐ࡚ࡋ㧗ᅽࣛ࣎ヨ㦂࠸⾜ࢆ㸪ᅗ 3 㸪㞺ᅖẼᅽຊ࠺ࡼࡍ♧ 2 Ẽᅽࡢணΰྜᆺẁ⇞↝ࡾࡼ㓟

⣲⃰ᗘ 16%⟬ࡿࡼNOx ฟ⃰ᗘࢆ 50 ppm ௨ୗపῶ࡛ࡿࡁ᮲௳ࢆぢฟࡓࡋ㸬ࡣࡽࢀࡇప

NOx ⇞↝ჾ㛤Ⓨࡢᇶ┙ⓗࡿ࡞ࢱ࣮ࢹ㸬 
 

72 m m              
ᅗ㸯 ࢼ࣮ࣂ࣮ࣝ࣡ࢫᏳᐃࡓࢀࡉ    ᅗ㸰 ὶᣑᩓⅆ⅖ࡢⅆ⅖ᇶ㒊ᵓ㐀ࡢ 
 㸭✵Ẽὶணΰྜⅆ⅖      ୕ḟඖᩘ್ゎᯒ⤖ᯝ㸦LES㸧ࢽࣔࣥ
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ᅗ㸱 㧗ᅽࣛ࣎ヨ㦂ࣥࣅ࣮ࢱࢫ࢞ࣟࢡ࣐ࡿࡼ⇞↝ჾࣔࡢࣝࢹฟࢫ࢞≉ᛶ 

 
 
 ⏺ⅆ⅖ఏ㝈ࡢ⅖ὶணΰྜⅆࢽࣔࣥ 2.2

⇞↝ᛶࡢᙅࡢ↝⇞ࢽࣔࣥ࠸ᇶ♏≉ᛶ࡛ࢽࣔࣥࡿ࠶㸭✵ẼணΰྜẼࡢὶሙࡿࡅ࠾

ⅆ⅖ఏ㝈⏺ࢆ᫂ࡵࡓࡿࡍࡽ㸪ὶⓎ⏕⏝ୖࢆࣥࣇࡢୗタ⨨ࡓࡋᐃᐜᐜჾ࠸⏝ࢆ㸪ᵝࠎ

 㸬ࡓࡗ⾜ࢆⅆ⅖ఏᐇ㦂ࡿࡅ࠾௳ὶᙉᗘ᮲ࡧࡼ࠾ᙜ㔞ẚ࡞
ᅗ㸲ࢽࣔࣥ/✵ẼணΰྜẼࡢⅆ⅖ఏ㝈⏺ࡍ♧ࢆࣉࢵ࣐㸬ᅗ୰ࡢⅬ⥺ࡀⅆ⅖ఏ㝈⏺ࢆ♧

㸪ᙜ㔞ẚࡣ࡚࠸࠾㸬ᒙὶ⇞↝ሙࡿ࠸࡚ࡋ 1.1 ⛬ᗘࡢ⇞ᩱ㐣⃰᮲௳ࡶ࡚᭱࠸࠾⇞↝㏿ᗘࡃ㏿ࡀ

㸪ᙜ㔞ẚࡣ࡚࠸࠾㸪ὶ⇞↝ሙࡋᑐࡢࡿ࡞ 0.9 ⛬ᗘࡢ⇞ᩱᕼⷧ᮲௳ࡶ࡚᭱࠸࠾㧗࠸ὶᙉ

ᗘ࡛ࡲⅆ⅖ࡀఏࡀࡇࡿࡍศࡓࡗ㸬ࡣࢀࡇ㸪ࡢࢽࣔࣥ Le ᩘ㸦⇕ᣑᩓಀᩘ≀㉁ᣑᩓಀ

ࡣ࡛௳ᩱ㐣⃰᮲⇞ࡀẚ㸧ࡢᩘ 1 ࡣ࡛௳㸪⇞ᩱᕼⷧ᮲ࡃࡁࡶࡾࡼ 1 ࡚ࡋ㉳ᅉࡇ࠸ࡉᑠࡶࡾࡼ

㸪ࡾ࠾࡚ࡋ♧ࢆീ⏬࣮ࣥࣞࣜࣗࢩࡢ⅖ⅆࡿࡅ࠾௳ᩱ㐣⃰᮲⇞௳㸪⇞ᩱᕼⷧ᮲ࡣ㸬ᅗ㸳ࡿ࠸

ᩱᕼ⇞࡚ẚ௳㸪⇞ᩱ㐣⃰᮲ࡀࡿ࠸࡚ࡋ⏕Ⓨࡀ⓾ⅆ⅖㠃ࡾࡼ ὶࡶ࡚࠸࠾௳᮲ࡢࡽࡕ

ⷧ᮲௳࡛ࡣⅆ⅖㠃ࡀ⓾ࡢ⣽ࡃⓎ㐩ࡀࡇࡿ࠸࡚ࡋศࡿ㸬Le ࡀᩘ 1 ௳ᩱᕼⷧ᮲⇞࠸ࡉᑠࡶࡾࡼ
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㸪ࡾ࠾࡚ࡋ♧ࢆീ⏬࣮ࣥࣞࣜࣗࢩࡢ⅖ⅆࡿࡅ࠾௳ᩱ㐣⃰᮲⇞௳㸪⇞ᩱᕼⷧ᮲ࡣ㸬ᅗ㸳ࡿ࠸

ᩱᕼ⇞࡚ẚ௳㸪⇞ᩱ㐣⃰᮲ࡀࡿ࠸࡚ࡋ⏕Ⓨࡀ⓾ⅆ⅖㠃ࡾࡼ ὶࡶ࡚࠸࠾௳᮲ࡢࡽࡕ

ⷧ᮲௳࡛ࡣⅆ⅖㠃ࡀ⓾ࡢ⣽ࡃⓎ㐩ࡀࡇࡿ࠸࡚ࡋศࡿ㸬Le ࡀᩘ 1 ௳ᩱᕼⷧ᮲⇞࠸ࡉᑠࡶࡾࡼ

✚㸪ⅆ⅖㠃ࢀࡉቑ㛗ࡾࡼᣑᩓ࣭⇕ⓗᏳᐃᛶࡀ⓾ࡢⅆ⅖⾲㠃ࡓࢀࡉᙧᡂ࡚ࡗࡼ 㸪ὶࡣ࡛

 㸬ࡿࢀࡽ࠼⪄ࡢࡶࡿࡁᣢ࡛⥔ࢆⅆ⅖ఏࡶὶᙉᗘ࡛࠸㧗ࡾࡼ㸪ࡋቑຍࡀᗘ㏿↝⇞࡚ࡋቑࡀ
ᅗ㸴㸪Ma ὶKaᩘ 㸬Maࡿ࠸࡚ࡋ♧ࢆ⏺ⅆ⅖ఏ㝈ࡣ⥺Ⅼࡢ㸬ᅗ୰ࡍ♧ࢆ㛵ಀࡢᩘ ࡣᩘ

ⅆ⅖ࡢఙ㛗ࡀⅆ⅖ఏ㏿ᗘࡿ࠼ᙳ㡪ࡢឤᗘࡾ࠾࡚ࡋ♧ࢆ㸪Ma 㸪࠸ࡉᑠࡤࢀࡅࡉᑠࡀᩘ

ᣑᩓ࣭⇕ⓗᏳᐃᛶࡀᙉࡃ㸪ⅆ⅖㠃ࡢኚᙧࡀቑ㛗ࡿ࠸࡚ࡋ♧ࢆࡇ࠸ࡍࡸࡋ㸬ᮏ◊✲ࡢᐇ㦂⤖ᯝ

ὶKaࡿࡅ࠾⏺㸪ⅆ⅖ఏ㝈ࡽ 㸦ᩘὶ ࡚ࡗࡼⅆ⅖ࡿࢀࡽ࠼ఙ㛗ࡢᗘྜࡍ♧ࢆ࠸㸧

Maࡣ ᩘ↝⇞㸪ࡣᡂᯝࡓࢀࡽ㸬ᮏ◊✲࡛ᚓࡓࡗศࡀࡇ࠺࠸ࡿࡍቑຍ༢ㄪඹῶᑡࡢᩘ

ࢽࣔࣥ㸪ࢀࡉ⏝ά㧗⢭ᗘࡢࣝࢹὶ⇞↝㏿ᗘࣔࡢࢽࣔࣥࡿࡅ࠾ࣥࣙࢩ࣮࣑ࣞࣗࢩ್

 㸬ࡿࢀࡉᮇᚅࡀࡇࡿࡍ㈨㛤Ⓨࡢࣥࣅ࣮ࢱࢫ࢞↝⇞
 

 
ᅗ㸲 ࢽࣔࣥ/✵ẼணΰྜẼࡢᙜ㔞ẚȭ vs. ὶᙉᗘu̓ࡢ 
 ࣉࢵ࣐⏺ⅆ⅖ఏ㝈ࡿࡅ࠾ୖࣇࣛࢢ

   
ᅗ㸳 ᙜ㔞ẚ0.7ࡢ⇞ᩱᕼⷧ᮲௳ࡧࡼ࠾ᙜ㔞ẚ1.1ࡢ   ᅗ㸴 MaᩘὶKaᩘࡢ㛵ಀ

⇞ᩱ㐣⃰᮲௳ࡿࡅ࠾ⅆ⅖࣮ࣥࣞࣜࣗࢩࡢ⏬ീࡢẚ㍑ 
㸦ࡶࡽࡕᾘ⅖ࡿࡍ᮲௳㸧 

 
 
 ド᳨ࡢண ⢭ᗘࣝࢹࣔࡢ⛬ᛂ㐣ࢽࣔࣥ  2.3

㸦௨ࢱࢡ࣮ࣜࣟࣇࣟࢡ࣐㸪 ᗘศᕸไᚚࡋⓗ┠ࢆ㧗⢭ᗘࡢࣝࢹᛂࣔ↝⇞ࢽࣔࣥ 

ୗ㸪ࢱࢡࣜࣟࢡ࣐㸧ࢽ࡚ࣔࣥ࠸⏝ࢆᛂ㐣⛬ࡢᏛ✀ศᕸィ ࠸⾜ࢆ㸪ࣔࣝࢹண ᳨ࡢ

ドࡓࡗ⾜ࢆ㸬ࡢࢽࣔࣥᛂ㐣⛬࡛ࡣN2O 㸪ᖺᗘࡽࡇࡿࢀࡉᡂ⏕ከ㔞࡚ࡋ୰㛫యࡀ

N2Oࢽࣔࣥࡣ ࢆẚ㍑ࡢண ⤖ᯝࣝࢹࣔィ ⤖ᯝ㸬ᅗ㸵ࡓࡵ㐍ࢆド᳨࡚ࡋ┠╔ᛂࡢ

㸪ࡾࡼ㸬ᅗ㸵ࡓ࠸⏝ࢆࡢࡶࡓࡋ㛤Ⓨ㇟ᑐࢆ㸭✵Ẽࢽࣔࣥ㐣ཤࡀࡽ୰ᮧࡣࣝࢹ㸬ࣔࡍ♧

N2O ᪉㸪୍ࣔࡿࢀࡉ㈝ᾘࡰࡀࢽࣔࣥᗘᇦ࡛ ࡿ࠶ࡣሙྜ㸪ᐇ㦂࡛ࡓࡋ㓟ࢆ ࢹ

ࣝண ࡢࡑࡣ㓟ᛂࢆ㐣ᑠホ౯ࡿ࠸࡚ࡋ㸬ࡓࡲ㸪ᐇ㦂࡛ࡣNO 㐍ࡀᛂࡎࢀࡉᡂ⏕ࢇࡀ

NOࡢከ㔞ࡣࣝࢹ᪉㸪୍ࣔࡿ࠸࡚ࡋ⾜ ⏕ᡂࢆண ࡿ࠸࡚ࡋ㸬ᮏᐇ㦂⤖ᯝࢆ⌧࡛ࢹࣔ࠺ࡼࡿࡁ

ࣝᨵⰋࢆ㐍࡛ࡇࡿࡵ㸪ࢽࣔࣥ/✵Ẽ⇞↝ࡢᛂᖏࡿࡅ࠾ⅆ⅖ᵓ㐀ࡸNO ⏕ᡂࡾࡼࢆṇࡃࡋ
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ᅗ㸵 ࡿࡼࢱࢡ࣮ࣜࣟࣇࣟࢡ࣐ィ ࣝࢹࣔࡧࡼ࠾ண ⤖ᯝ 

 
 
2.4 㧗ᅽࢽࣔࣥ㞺ᅖẼࡢ㔠ᒓᮦᩱຎホ౯ࡓࡅྥ㧗 ⏝ EMAT㛤Ⓨ 

㧗ᅽࢽࣔࣥ㞺ᅖẼࡣ࡚࠸࠾㔠ᒓᮦᩱࡢ⭉㣗ࡀㄢ㢟ࡾ࡞㸪≉⇞↝ჾᐜჾࡢῶ⫗ࡀᠱᛕ

ᮦゎ᫂ࡢ࣒ࢬࢽ࢝ᮦᩱຎ࣓ࡿࡅ࠾㸪❅㓟➇ྜ⎔ቃࡣࡵࡓࡢゎỴࡢၥ㢟ࡢࡇ㸬ࡿࢀࡉ

ᩱຎᦆയࡢࢢࣥࣜࢱࢽࣔࡢ୧㠃᳨ࡽウࡋ㸪ࢽࣔࣥ⇞↝ჾࡢ⟶⌮ἲࡿࡍ❧☜ࢆᚲせࡿ࠶ࡀ㸬

ᮏᖺᗘࡣ㸪⇞↝ჾᮦᩱࡢຎᦆയࢆࢢࣥࣜࢱࢽࣔࡢ㧗 ⎔ቃ࡛⾜࡚࠸ࡘࢧࣥࢭ࡞⬟ྍࡀࡇ࠺

◊✲㛤Ⓨࡓࡗ⾜ࢆ㸬 
㟁☢㉸㡢Ἴ᥈ゐᏊ(Electromagnetic Acoustic Transducer, EMAT)ࡣ㠀᥋ゐ࡛ࡢ ᐃ࡞⬟ྍࡀ

㸬EMATࡿ࠸࡚ࡋ㐺ヨ㦂ࡢ࡛ 㸪㧗ࡵࡓ ᵓ࡚ࡗࡼࣝࢥບ☢᳨࣭ฟࡧࡼ࠾※ሙ☢ࢫࣂࡣ

ᡂࡾ࠾࡚ࢀࡉ㸪ᚑ᮶ࡢ EMAT ࢿ㸪ࡽࡇࡿࢀࡽᚓࡀሙ☢࡞ࡁᑠᆺ࡛ࡣ※ሙ☢ࢫࣂࡢ

ࡢࡽࢀࡇ㸪ࡋࡋ㸬ࡿ࠸࡚ࢀࡉ⏝ࡀ▼☢Ọஂ࡞࠺ࡼࡢ▼☢ࢺࣝࣂࢥ࣒࣐࢘ࣜࢧࡸ▼☢࣒ࢪ࢜

⏝ ᗘ࣮ࣜࣗ࢟ࡣ ᗘ࡚ࡗࡼไ㝈ࡾ࠾࡚ࢀࡉ㸪᭱㧗࡛ࡶ 100Υ㹼300Υࡿ࠸࡚ࡗ࡞࡛ࡲ㸬ࡲ

ࣗ࢟ࡢࢡ㸪࣮ࣚࡀࡿ࠸࡚ࢀࡽࡳヨࡶ᪉ἲࡿ࠸⏝ࢆ▼☢㟁ࡢࡁࢡ࣮࡚ࣚࡋ※ሙ☢ࢫࣂ㸪ࡓ

࣮ࣜⅬࡿࡼ㝈⏺ࡽ㸪᭱㧗 ᗘࡣ 600Υࡿ࠸࡚ࡗࡲ␃㸬 
ᮏ◊✲࡛ࢫࣂࡣ☢ሙ※࡚ࡋ✵ⰺࢫࣝࣃࡢ㟁☢▼ࢆ⏝࡛ࡇࡿࡍ㸪ᚑ᮶ࡢ㉸㡢Ἴ᥈ゐᏊ

ࡿ࠺࠼⪏㧗 ⎔ቃࡿᅇୖࢆ⏝᭱㧗 ᗘࡢ EMAT ࣂࡢⰺ✵࡚࠸⏝ࢆ㸬⪏⇕ᮦᩱࡿࡍ㛤Ⓨࢆ

࣮ࣟࣉ㸪࠸⾜ࢆヨ㦂ࡉ㉸㡢Ἴཌࡿࡅ࠾ 㸪㧗ࡋヨసࢆࣝࢥບ☢᳨࣭ฟࡧࡼ࠾ࣝࢥሙ☢ࢫ

ࡓࡋ㸬ヨసࡓࡋホ౯ࢆ⬟ᛶࡢࣈ EMAT ࢥࢻࣀࣞࢯከᒙࡣ※ሙ☢ࢫࣂ㸬ࡍ♧ᅗ㸶ࢆ

ᚄ┤ࡣ⥺㸬ᕳࡿ࠸⏝ࢆࣝ 1.0mm ࡣᩘࡁ㸪ᕳࡋ⏝ࢆ⥺㖡ࡢ 156 ࣝࢥሙ☢ࢫࣂ㸬ࡓࡋ

ᚄ┤ࡣ⥺㸬ᕳࡿ࠸⏝ࢆࣝࢥᙧࡢ༢ᒙࡣࣝࢥບ☢᳨࣭ฟࡓࢀࡽࡅࡾྲྀୗࡢ 0.2mm
㖡⥺ࢆ⏝ࡋ㸪ᕳࡣᩘࡁ 23 ⦖⤯࡛ࡇࡃᕳࡽࡀ࡞ࡅ✵ࢆ㛫㝸ࡢᐃ୍ࡣᮦ⥺ࡢࣝࢥ㸬ྛࡓࡋ

 㸬ࡿࡍᅛᐃ࡚࠸⏝ࢆ⣔᥋╔ᮦࢡࢵ࣑ࣛࢭ㸪⪏⇕ᛶࡋ
 ☢ᛶయ࡛ࡿ࠶Ⅳ⣲㗰(SS400)࡚࠸⏝ࢆ㸪ྠᵝ࣮ࢥ࢚Ἴᙧࡢ ᐃࡓࡗ⾜ࢆ㸬ࣂ࣮ࢩ࣮ࣞࢧࣝࣃ

ࡣ୰ᚰ࿘Ἴᩘࡢ࣮ 2 MHz ࡧࡼ࠾ 3 MHz 㸬ᮦࡓࡗ⾜ࢆ ほ࣮ࢥ࢚࿘Ἴᩘ࡛ࡢࢀࡒࢀࡑ㸪ࡋタᐃ

ᩱ࣮ࣜࣗ࢟ࡀ ᗘ(Ⅳ⣲㗰ࡢሙྜ㸪770Υ)㏆࡙ࢀࡘࡃᙉ☢ᛶࡢᛶ㉁ࢆኻࡵࡓ࠺㸪㧗 ࡚࠸࠾

ࡽ ᐊࡀࡓࡋపୗࡀឤᗘࡣ 700Υࡢ࡛ࡲ ᗘ㡿ᇦ࡛ࢆ࣮ࢥ࢚☜ㄆࡓࡋ㸬ḟ㸪ᚓࡓࢀࡽᗏ㠃࢚

ヨࡿࡅ࠾㸬ྛ ᗘࡓࡋホ౯ࢆ㏿ᶓἼ㡢ࡿࡅ࠾㸪ྛ ᗘ࡚࠸⏝ࢆࡉヨ㦂∦ཌ㛫㛫㝸ࡢ࣮ࢥ

㦂∦ཌࡣࡉ㸪⇕⭾ᙇࢆ⪃៖ࡋ㸪௨ୗࡢᘧ࡚࠸⏝ࢆồࡿࡵ㸬 
 

/ /o >��ǂ�T－To )]                     (1) 
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ᅗ㸵 ࡿࡼࢱࢡ࣮ࣜࣟࣇࣟࢡ࣐ィ ࣝࢹࣔࡧࡼ࠾ண ⤖ᯝ 

 
 
2.4 㧗ᅽࢽࣔࣥ㞺ᅖẼࡢ㔠ᒓᮦᩱຎホ౯ࡓࡅྥ㧗 ⏝ EMAT㛤Ⓨ 

㧗ᅽࢽࣔࣥ㞺ᅖẼࡣ࡚࠸࠾㔠ᒓᮦᩱࡢ⭉㣗ࡀㄢ㢟ࡾ࡞㸪≉⇞↝ჾᐜჾࡢῶ⫗ࡀᠱᛕ

ᮦゎ᫂ࡢ࣒ࢬࢽ࢝ᮦᩱຎ࣓ࡿࡅ࠾㸪❅㓟➇ྜ⎔ቃࡣࡵࡓࡢゎỴࡢၥ㢟ࡢࡇ㸬ࡿࢀࡉ

ᩱຎᦆയࡢࢢࣥࣜࢱࢽࣔࡢ୧㠃᳨ࡽウࡋ㸪ࢽࣔࣥ⇞↝ჾࡢ⟶⌮ἲࡿࡍ❧☜ࢆᚲせࡿ࠶ࡀ㸬

ᮏᖺᗘࡣ㸪⇞↝ჾᮦᩱࡢຎᦆയࢆࢢࣥࣜࢱࢽࣔࡢ㧗 ⎔ቃ࡛⾜࡚࠸ࡘࢧࣥࢭ࡞⬟ྍࡀࡇ࠺

◊✲㛤Ⓨࡓࡗ⾜ࢆ㸬 
㟁☢㉸㡢Ἴ᥈ゐᏊ(Electromagnetic Acoustic Transducer, EMAT)ࡣ㠀᥋ゐ࡛ࡢ ᐃ࡞⬟ྍࡀ

㸬EMATࡿ࠸࡚ࡋ㐺ヨ㦂ࡢ࡛ 㸪㧗ࡵࡓ ᵓ࡚ࡗࡼࣝࢥບ☢᳨࣭ฟࡧࡼ࠾※ሙ☢ࢫࣂࡣ

ᡂࡾ࠾࡚ࢀࡉ㸪ᚑ᮶ࡢ EMAT ࢿ㸪ࡽࡇࡿࢀࡽᚓࡀሙ☢࡞ࡁᑠᆺ࡛ࡣ※ሙ☢ࢫࣂࡢ

ࡢࡽࢀࡇ㸪ࡋࡋ㸬ࡿ࠸࡚ࢀࡉ⏝ࡀ▼☢Ọஂ࡞࠺ࡼࡢ▼☢ࢺࣝࣂࢥ࣒࣐࢘ࣜࢧࡸ▼☢࣒ࢪ࢜

⏝ ᗘ࣮ࣜࣗ࢟ࡣ ᗘ࡚ࡗࡼไ㝈ࡾ࠾࡚ࢀࡉ㸪᭱㧗࡛ࡶ 100Υ㹼300Υࡿ࠸࡚ࡗ࡞࡛ࡲ㸬ࡲ

ࣗ࢟ࡢࢡ㸪࣮ࣚࡀࡿ࠸࡚ࢀࡽࡳヨࡶ᪉ἲࡿ࠸⏝ࢆ▼☢㟁ࡢࡁࢡ࣮࡚ࣚࡋ※ሙ☢ࢫࣂ㸪ࡓ

࣮ࣜⅬࡿࡼ㝈⏺ࡽ㸪᭱㧗 ᗘࡣ 600Υࡿ࠸࡚ࡗࡲ␃㸬 
ᮏ◊✲࡛ࢫࣂࡣ☢ሙ※࡚ࡋ✵ⰺࢫࣝࣃࡢ㟁☢▼ࢆ⏝࡛ࡇࡿࡍ㸪ᚑ᮶ࡢ㉸㡢Ἴ᥈ゐᏊ

ࡿ࠺࠼⪏㧗 ⎔ቃࡿᅇୖࢆ⏝᭱㧗 ᗘࡢ EMAT ࣂࡢⰺ✵࡚࠸⏝ࢆ㸬⪏⇕ᮦᩱࡿࡍ㛤Ⓨࢆ

࣮ࣟࣉ㸪࠸⾜ࢆヨ㦂ࡉ㉸㡢Ἴཌࡿࡅ࠾ 㸪㧗ࡋヨసࢆࣝࢥບ☢᳨࣭ฟࡧࡼ࠾ࣝࢥሙ☢ࢫ

ࡓࡋ㸬ヨసࡓࡋホ౯ࢆ⬟ᛶࡢࣈ EMAT ࢥࢻࣀࣞࢯከᒙࡣ※ሙ☢ࢫࣂ㸬ࡍ♧ᅗ㸶ࢆ

ᚄ┤ࡣ⥺㸬ᕳࡿ࠸⏝ࢆࣝ 1.0mm ࡣᩘࡁ㸪ᕳࡋ⏝ࢆ⥺㖡ࡢ 156 ࣝࢥሙ☢ࢫࣂ㸬ࡓࡋ

ᚄ┤ࡣ⥺㸬ᕳࡿ࠸⏝ࢆࣝࢥᙧࡢ༢ᒙࡣࣝࢥບ☢᳨࣭ฟࡓࢀࡽࡅࡾྲྀୗࡢ 0.2mm
㖡⥺ࢆ⏝ࡋ㸪ᕳࡣᩘࡁ 23 ⦖⤯࡛ࡇࡃᕳࡽࡀ࡞ࡅ✵ࢆ㛫㝸ࡢᐃ୍ࡣᮦ⥺ࡢࣝࢥ㸬ྛࡓࡋ

 㸬ࡿࡍᅛᐃ࡚࠸⏝ࢆ⣔᥋╔ᮦࢡࢵ࣑ࣛࢭ㸪⪏⇕ᛶࡋ
 ☢ᛶయ࡛ࡿ࠶Ⅳ⣲㗰(SS400)࡚࠸⏝ࢆ㸪ྠᵝ࣮ࢥ࢚Ἴᙧࡢ ᐃࡓࡗ⾜ࢆ㸬ࣂ࣮ࢩ࣮ࣞࢧࣝࣃ

ࡣ୰ᚰ࿘Ἴᩘࡢ࣮ 2 MHz ࡧࡼ࠾ 3 MHz 㸬ᮦࡓࡗ⾜ࢆ ほ࣮ࢥ࢚࿘Ἴᩘ࡛ࡢࢀࡒࢀࡑ㸪ࡋタᐃ

ᩱ࣮ࣜࣗ࢟ࡀ ᗘ(Ⅳ⣲㗰ࡢሙྜ㸪770Υ)㏆࡙ࢀࡘࡃᙉ☢ᛶࡢᛶ㉁ࢆኻࡵࡓ࠺㸪㧗 ࡚࠸࠾
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1. 研究目的 

プラズマ－生体界面の研究は，医療応用において臨床レベルに到達しているが，理論的な数値

検証が十分でない．また，細胞膜中における放電活性種の輸送は重要な工程であるが，プラズマ

－生体相互作用を加味した検証は極めて限定的である．ゆえに分子スケールから医療効果を定量

的に俯瞰することは，極めて有意義である． 

本研究の目的は，生体膜内における放電活性種の力学的挙動について，分子動力学法（MD） に
より輸送特性および構造変位を定量的にモデル化することである．具体的には，①放電活性種を

内在する生体膜モデルの構築，②生体膜中における酸素活性種の輸送係数の導出，③活性種投入

量に対する損傷膜の密度変化及び残存分布の推定，④複合細胞膜中の活性種輸送における電界重

畳効果の検証，を行った． 
 
2. 研究成果の内容 

生体細胞膜の全原子モデルとしてリン脂質（フォスファジチルコリン）二重膜を対象とし，放

電により生成した活性酸素窒素種（亜硝酸）および活性酸素種（一重項酸素分子，ヒドロキシル

ラジカル，ヒドロペルオキシルラジカル，過酸化水素）の透過過程を古典的分子動力学法により

模擬した．膜密度や膜厚が安定化した生物学的に妥当な膜モデルを構築するとともに，活性種の

極性（親水性や疎水性）による浸透局在部位の相違を明示した（図 1 参照）．また，電界重畳に

よる水チャネルの形成と浸透促進効果を理論的に明示した． 

  

 
図 1：各活性種に対する浸透局在部位の比較 
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1. 研究目的 

本研究の目的は，⇿㢼のうࡕ，衝撃波が生体ᦆയに及ࡰすᙳ㡪を⣽⬊レ࣋ルから⮚ჾレ࣋

ルで明らかにした上で，⇿㢼による⬻ᦆയのண㜵に関する基♏的知ぢを得ることである． 
 
2. 研究成果の内容 

ᶍᨃモデルに対してᚤᑠ⇿⸆で発生さࡏた衝撃波を༳加し，高速度ᙳ，圧 定，⌮ㄽ解

析で衝撃波の生体内での挙動を解析した．衝撃波が生体ᦆയに及ࡰすᙳ㡪を⣽⬊レ࣋ルから

⮚ჾレ࣋ル᳨ウを行った．また，衝撃波による⤌⧊，⮚ჾᦆയを㜵Ṇする方法を明らかにす

るためにᚑ᮶衝撃波過圧減⾶効果を᭷するࢸࢦックス，࣋ンࢩーࢶ㸦⥥∦㸧，に加えた

ᮦᩱの᳨ウを行った． 
 
�. 研究目ᶆの㐩成≧ἣ 

衝撃波が生体ᦆയに及ࡰすᙳ㡪を⣽⬊レ࣋ルから⮚ჾレ࣋ルで基♏的知ぢを得ることが

できた．また，衝撃波による⤌⧊，⮚ჾᦆയを㜵Ṇする方法について，」数のᮦ㉁において

過圧減⾶効果に関して基♏的知ぢを得ることができた．⇿㢼ᦆയ体において衝撃波が果

たすᙳ㡪について明らかにし，⇿㢼ᦆയによる⬻ᦆയの㜵Ṇ機ᗎの㛤発にᚲせな基♏的知ぢ

を得ることが᭱⤊的な目ᶆであり，ᦆയ機ᗎ解明，ᦆയ㜵Ṇ機ᗎ解明，いずれにおいても⇿

㢼ᦆയにおけるඛ行衝撃波後のせ⣲に関するᙳ㡪を㋃まえた᳨ウはまࡔ╔手できていない． 
 
 ᚋのㄢ㢟ࡵࡲ .�

本研究の結果，撃波の⣽⬊内ఏという超高速」㞧࣑ࢼࢲクスをᤊえ，衝撃波が⣽⬊，

⤌⧊，⮚ჾに及ࡰすᙳ㡪を明らかにする上で基♏的な知ぢを得ることができた．その一方で，

⇿㢼ᦆയ体における衝撃波の果たすᙺは，ᦆയ機ᗎ解明，ᦆയ㜵Ṇ機ᗎᵓ⠏のほⅬから

明らかになっておらず，ᘬき続き，ᶍᨃモデル実験を用いた高速度ᙳ，圧 定，⌮ㄽ解析

実験を中ᚰに᳨ウを㐍める．ᙳ᮲௳，ᮦ㉁᮲௳な解決することが技術的な課題であり，

可視化および圧 定についてᘬき続き᳨ウを行うともに，実⮫ᗋで⤒験のある⡿ᅜ Rocco 
Armonda ་ᖌ，スラエルGuy Rosenthal ་ᖌと┦ㄯし，体をᫎした実験⣔をᵓ⠏す

ることにᣊらず，⇿㢼ᦆയの⮫ᗋ像をᫎする⡆᫆的なᶍᨃモデルのᵓ⠏を実⌧することに

ὀ力することが後の課題である． 
本研究で得られた結果は，᮶年に᥍えた東ி࢜リンピック・パラリンピックにおけるࢸロ

対⟇において᭷用となる知ぢとなることが期ᚅされる．⣽⬊内の衝撃波ఏを可視化するこ
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とが実⌧することにより，生体⤌⧊に対する音波స用に関する直接的かつ本㉁的なሗを提

౪することが期ᚅできる．さらには，ᦆയ機ᗎ解明を㐍めることで，⾑⟶᪂生や㦵成㛗な

᪤知の衝撃波による⮚ჾᦆയあるいは⒪効果をもたらす機ᗎ解明ࡔけでなく，⮫ᗋ⌧場で

のンメットメデカルニーズとのマッࢳンࢢを図り，衝撃波の᪂たな生・ά性化効果を

₇⧢的にぢฟし་⒪とつなࡆる可能性があるものと᥎ᐹされる． 
 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ
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ルࣗࣅー． 
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Numerical Prediction of Flow Characteristics around Moving Objects in Multiphase Flow 
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[3] T. Kubota, Y. Mizuno, S. Takahashi, R. Asa, R. Sagara, Y. Kodama, S. Obayashi: 
Flow-Structure Coupled Simulation of Particle-Structure collision using Immersed 
Boundary Method and Finite Element Method, The International Conference on 
Computational & Experimental Engineering and Sciences, (2019) 

[4] Ỉ㔝⿱㸪㧗ᶫಇ㸪㔝ࠎᮧᣅ㸪Ọ⏣㈗அ㸪⚟⏣⣫㸪ᯘⱱ㸸ᇙࡵ㎸ࡳቃ⏺ἲࡓ࠸⏝ࢆᅽ⦰

ᛶ࣭ 㠀ᅽ⦰ᛶᅛẼΰ┦ὶゎᯒࡢ୪ิᛶ⬟ẚ㍑㸪➨ 32 ᅇᩘ್ὶయຊᏛ࣒࢘ࢪ࣏ࣥࢩ㸪(2018)㸬 
*[5] Y. Mizuno, Y. Kawamoto, S. Takahashi, K. Fukuda, S. Obayashi: Numerical Prediction of 

Flow Characteristics around Moving Objects in Multiphase Flow, Proceedings of the 18th 
International Symposium on Advanced Fluid Information (AFI-2018), Sendai, (2018), 
CRF-16, pp. 32-33. 
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Application of Two-Phase Thermo-Fluid Simulation 

for Accurate Design of Oscillating Heat Pipe 
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1. ◊✲目ⓗ 

㏆ᖺࢆࣉࣃࢺ࣮ࣄࡣ⇕㍺㏦࡚ࡋࢫࣂࢹᵝ࡞ࠎᶵჾᛂ⏝ࡀࡇࡿࡍᮇᚅ࠸࡚ࢀࡉ

ࡋࢫࣂࢹ㏦㍺⇕࡞ప㉁㔞ࡘపᾘ㈝㟁ຊࡣࣉࣃࢺ࣮ࣄບື⮬≉ࡶ୰࡛ࡢࡑ㸪ࡀࡿ

 ࡢ෭༷㒊ຍ⇕㒊※㥑ືࡣࢀࡇ㸬ࡿ࠸࡚ࢀࡉ┠ὀࡃࡁࡽࡉ㧗ࡢ⋠ຠỗ⏝ᛶࡢࡑ࡚

ᗘᕪࡿ࠸⏝ࢆࡳࡢእຊࢆᚲせ࠸࡞ࡋ⡆࣒᫆ࢬࢽ࣓࢝࡞㸪⟶ෆ㒊ࡢᅽຊືࢆ㥑ືຊࡋ

ࡢ⏺సື㝈ࡢࡑసື࡞Ᏻᐃࡽࡀ࡞ࡋࡋ㸬ࡿ࠶࡛ࡵࡓࡢᛶ≉ࡘᣢࡏేࢆ㏦㍺⇕ࡢᐜ㔞ࡓ

ண ➼ࡔࡲ࠸ࡣᅔ㞴࡞ㄢ㢟ࡀṧࡾ࠾࡚ࢀࡉ㸪⌧ᅾࡶ◊✲㛤Ⓨࡿ࠸࡚ࢀࢃ⾜ࢇ┒ࡀ㸬ࡇࡑ

࡛ᮏ◊✲࡛ࡣ㧗⢭ᗘᛶ⬟ண ࡿ࠼⾜ࢆẼᾮ┦ὶࡢ⇕ὶయᩘ್ゎᯒἲࡢ㛤Ⓨ࠸⾜ࢆ㸪⟶ෆ

㒊ࡢ┦ὶࡢὶືᙧែࢆᐃᛶࡘᐃ㔞ⓗ⌧࡛ࡇࡿࡍ⮬ບືࡢࣉࣃࢺ࣮ࣄ㧗⢭ᗘ

タィࡿࡆ⧄㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᩘ್ὶయゎᯒࣉࣃࢺ࣮ࣄࡾࡼෆ㒊ࡢὶື⌧㇟ࢆ⌧ࡵࡓࡿࡍ㸪Ẽᾮ┦ὶ୰࡚࠸࠾

≀యࡴྵࢆẼᾮ┦ὶࡢὶయゎᯒᡭἲࢆ㛤Ⓨࡓࡋ㸬ᮏᡭἲ࡛ࡣẼᾮ⏺㠃ࡢቃ⏺᮲௳࣋ࣞࡣ

㎸ࡵᇙࡣ㠃⏺ࡢ㛫ࡢὶయయ≀ࡓࡲ㸪࠸⏝ࢆἲࢺࢵࢭࣝ࣋ಖᏑᙧࣞࡓ࠸ᇶ࡙ἲࢺࢵࢭࣝ

ࡗ࡞⾜ࢆ⌧⾲ࡢ⏺ቃ⋓ᤕࡢ㠃⏺ࢀࡒࢀࡑ࡚࠸⏝ࢆἲࣝࢭࢺࢫ࣮ࢦࡿ࠶࡛✀୍ࡢቃ⏺ἲࡳ

ᵝࡿࡍኚᙧ࣭✺⾪ࡀḟඖẼἻ≀㞀ᐖࡢ≦ᰕࡓࡋ⨨タὶ㊰ෆ࡚ࡋࡘ୍ࡢ㸬ゎᯒࡓ

Ꮚࢆᅗ 1 㸬ᅗࡍ♧ 1 ࢀࡒࢀࡑࡣ࡛ 0.5mm, 0.6mm, 0.7mm ࡾ࠾࡚ࢀࡉ⨨タෆ⟶ࡀࣥࣆࡢ

ḟඖゎ୕࡚ࡏࡉⓎᒎࢆḟඖゎᯒࡢࡇࡣ㸬ᚋࡿ࠸࡚ࢀࡉどྍࡀᵝᏊࡢᗘሙ ࡢ࿘ᅖࡢࡑ

ᯒࡿࡼ⇕㍺㏦≉ᛶࡢẚ㍑᳨ドࡋ㸪᭱ࡶຠ⋡ⓗ࡞タィࢆ㆟ㄽࡿࡍ㸬 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ࣃࢺ࣮ࣄ㸬㏻ᖖ㸪ࡿ࠶ᅔ㞴࡛ࡣẚ㍑࡞᥋ⓗ┤ࡢᐇ㦂ᵓ㐀ୖ㸪ᩘ್ゎᯒࡢࣉࣃࢺ࣮ࣄ

㏱ࡢ࡞ࢫࣛ࢞㸪୍㒊ࡓࡲ㸬࠸ࡋ㞴ࡣどㄆࡢෆ㒊ࡵࡓࡿࢀࡽ࠸⏝ࡀࣉࣃࡢ㔠ᒓ〇ࡣࣉ

᫂࡞⣲ᮦࢆ⏝ࡓࡋሙྜࡶෆቨࡢᦶ᧿ࡢኚࡾࡼ᭷┈ྲྀࡢࢱ࣮ࢹ࡞ᚓࡣᮇᚅ࡛࠸࡞ࡁ㸬

ࢺࣝࢭࢾࡽゎᯒ⤖ᯝࡣ࡛✲◊㸬ᮏࡿࢀࢃ⾜ࡀẚ㍑ࡢࢱ࣮ࢹᗘ ࡓࢀࡽᐇ㦂࡛ᚓࡵࡓࡢࡑ

ࡵ㐍ࢆド᳨ࡿࡼḟඖゎᯒ୕ࡣᅾ⌧ࡓࡲ㸬ࡓࡗ⾜ࢆẚ㍑ࡢ✲◊⾜ඛࡸẚ㍑ㄽ್⌮ࡢ➼ᩘ

 㸬ࡿ࠶ணᐃ࡛ࡿࡵ㐍ࢆ 㸪ᛶ⬟ண࠸⾜ࢆゎᯒࡢ࡛௳᮲ྠࣉࣃࢺ࣮ࣄࡢᐇ㝿ࡣ㸬ᚋࡿ࠸࡚

ㄢ㢟␒  ྕ J18L024 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 
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ᾮ┦ὶゎᯒࡢᛂ⏝㸪➨ 19 ᅇᏱᐂ⛉Ꮫ࣒࢘ࢪ࣏ࣥࢩ㸪(2019)㸬 
 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

－ 236 －



0.5 [ m m ] 0.6 [ m m ]

0.7[ m m ]

t e m pe r a t u r e

 
ᅗ 1㸸ྛࡿࡅ࠾ࢬࢧࣥࣆẼἻࡢᣲື 

 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

Ẽᾮ┦ὶయゎᯒᡭἲࢆᵓ⠏ࡋ㸪⟶ෆࡢ୰ኸ᩿㠃ࡿࡅ࠾ ᗘሙࡢኚࡢᵝᏊࢧࣥࣆ

ࣉࣃࢺ࣮ࣄບື⮬ࡣᚋ .ࡓࡋㄆ☜ࡾࡼどྍࢆኚࡢ㏦≉ᛶ㍺⇕࠺కኚ᭦ࡢࢬ
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*[1] K. Takemura, S. Takahashi, K. Sato, H. Nagai, T. Adachi: Application of Two-phase 
Thermo-fluid Simulation for Accurate Design of Heat Pipe, Proceedings of the 18th 
International Symposium on Advanced Fluid Information, Sendai, (2018), CRF-2, pp. 
44-45. 
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Numerical Simulation and Experimental Observation of the Blood Cells Behavior in 

Microcirculation 
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1. ◊✲目ⓗ 

ᠱ⃮ᾮ࣮ࢪࣟ࢜ࣞࡢ≉ᛶࡾ▱ࢆ㸪ࢆࢀࡑᶵ⬟ⓗ⏝ࡣࡇࡿࡍ㸪⢊యᕤᏛ㸦₶㸧ࡸ

ሬᕤᏛ㸦࢟ࣥ࣌㸧㸪ᅵᮌᕤᏛ㸦ࢺ࣮ࣜࢡࣥࢥ㸧㸪ࡣࡽࡉ⏕యᕤᏛ㸦⾑ᾮ㸧࡚࠸࠾㔜せ࡛

ࡿࡲỴ࡚ࡗࡼ⏝స┦࡞ὶయຊᏛⓗࡢศᩓయ㸪⁐፹ࡣⓗᛶ㉁࣮ࢪࣟ࢜ࣞࡢ㸬ᠱ⃮ᾮࡿ࠶

ᛶ័ࡿࡍ⏝స㸪ᠱ⃮⢏Ꮚࡣ࡛✲◊㸬ᮏ࠸࡞ࡣ࡛ࡽ᫂ࡣᐜࡢࡑ㸪ࡀࡿ࠸࡚ࢀࡽ▱ࡀࡇ

ຊࡀᠱ⃮ᾮࡢᚤ⣽ᵓ㐀ࡸ㸪ᠱ⃮ᾮࡢᕧどⓗ࣮ࢪࣟ࢜ࣞ࡞≉ᛶࡢ㛫ⓗ࣭✵㛫ⓗศᕸࡿ࠼

ᙳ㡪ࢆ⪃ᐹࡓࡋ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

⢏Ꮚస⏝ࡿࡍᥭຊࡣ⢏Ꮚ័ᛶຊ౫Ꮡࡿࡍ㸬ࡣࡇࡢࡇ㸪ὶୗࡿࡍᠱ⃮⢏Ꮚࡢὶ㊰ෆ༙

ᚄ᪉ྥ⨨㸦ᚤ⣽ᵓ㐀㛵㐃㸧ࡀ㸪⢏Ꮚ័ᛶຊࡾࡼไᚚྍ⬟࡛ࢆࡇࡿ࠶♧၀ࡿ࠸࡚ࡋ㸬

ᮏ◊✲࡛ࡣ㸪⢏Ꮚ័ᛶຊ㸦ὶ㏿ࡸ⢏Ꮚࡢࡉࡁ㸧ࡀ⢏Ꮚ༙ࡢᚄ᪉ྥศᕸࡿ࠼ᙳ㡪ࢆ㸪ᩘ

್ゎᯒࡧࡽ࡞ᐇ㦂ほᐹࡾࡼ⪃ᐹ࡛ࡢࡓࡋሗ࿌ࡿࡍ㸬 
ᅗ 1 㸪2 ḟඖᩘ್ゎᯒࡿࡼ㸪ὶୗࡿࡍᠱ⃮⢏Ꮚࡢ☜⋡ᐦᗘ㸦Ꮡᅾ☜⋡㸧ὶ㊰ᖜ᪉ྥ

⨨㸦ὶ㊰୰ኸ㸪y/l = 0㸹ὶ㊰ቨ㠃㸪y/l = r1㸬㸧ࡢ㛵ಀࡍ♧ࢆ㸬ᠱ⃮⢏Ꮚࡀὶ㊰ᖜ᪉ྥ୍

ᵝศᩓࡿ࠸࡚ࡋࡢ☜⋡ᐦᗘVࡣ 0.05㸦ᅗ୰ࡢኴ࠸ᐇ⥺㸧ࡿ࡞㸬ࡾࡼࢀࡇ㸪⢏Ꮚࡢὶ

㊰ᖜ᪉ྥࡢ೫ࡾ㸦ᐦࡉ㸧ࡣ㸪⢏Ꮚ័ᛶຊ㸦⢏ᏊࣞᩘࢬࣝࣀRep㸧ࡢቑక࠸㢧ⴭ࡞ 
㞟୰ࡢࡑ㸪ࡓࡲ㸬ࡿศࡀࡇࡿ

⨨㸦☜⋡ᐦᗘࢡ࣮ࣆࡢ⨨㸧ࡣ㸪

r0.6㸦Rep = 0.04㸧ࡽr0.4 ㏆

㸦Rep = 0.32㸧㸪⢏Ꮚ័ᛶຊ

ὶ㊰୰ኸഃࡾࡼ㸪࠸కቑࡢ

ࡢࡇ㸬ࡿศࡀࡇࡿ࠸࡚ࡗ⛣

ኚࡢ⨨ὶ㊰ෆࡢ⢏Ꮚ࡞࠺ࡼ

㸦ᚤ⣽ᵓ㐀ࡢኚ㸧ࡣ㸪ᠱ⃮ᾮࡢ

ࡸ㸦ᐇຠ⢓ᗘ࣮ࢪࣟ࢜ࣞ࡞ࣟࢡ࣐

㠀ࣥࢺ࣮ࣗࢽᛶ㸧࡞ࡁᙳ㡪ࢆ

ࡵࡓࡿ࠼㸪ᚋࡽࡉヲࡃࡋㄪ 
㸬 ᅗࡿ࠶ࡀᚲせࡿ 1㸸⢏Ꮚࡢ☜⋡ᐦᗘὶ㊰ᖜ᪉ྥ⨨㸦ᩘ್ゎᯒ㸧 

ㄢ㢟␒  ྕ J18L025 
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ᅗ 2 㸪ࡓࢀࡽᚓࡾࡼᐇ㦂ほᐹ

ᠱ⃮⢏Ꮚࡢ☜⋡ᐦᗘ⟶ෆ༙ᚄ

᪉ྥ⨨ࡢ㛵ಀࡍ♧ࢆ㸬⢏Ꮚ༙ࡢ

ᚄ᪉ྥࡢศᩓ୍ࡀᵝࡢሙྜ㸪☜⋡

ᐦᗘVࡣ 0.04㸦ᅗ୰ࡢኴ࠸ᐇ⥺㸧

㸪ᵝྠ㸬ᩘ್ゎᯒ⤖ᯝࡿ࡞

⢏Ꮚ័ᛶຊࡢቑక࠸㸪⢏Ꮚࡢ

༙ᚄ᪉ྥ⨨ࡢኚࢆᤊࡇࡿ࠼

 㸬ࡓࡋᡂຌ
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1. 研究目的 

ᚑ᮶，ᅛ体の熱分解に関しては，熱㔜量計 や示၀熱量計 を用いた応速度の 定が行

れてきた．これらの手法は，「ヨᩱが熱的に༑分にⷧく，内㒊にᆒ一な 度・ᐦ度分ᕸをࢃ

᭷する」ことを๓提としている．しかしながら，⇞↝⌧㇟のようにᅛ体に対し高い熱流᮰が

発生する場においては内㒊の 度，ᐦ度のᆒ一性がಖたれているとは考えにくく，熱㔜量計

 が熱分解応の 定に㐺した手法であるとはゝい㞴い． 
ᡃࠎは，過ཤの研究において，高輝度ᨺᑕගタSPring-8 を用し高 ❅⣲㞺ᅖẼ中の

ᮌ㉁࢜ࣂマス内㒊のX ⥺㏱過ග計 を行った．本 定手法は，熱分解中のᮌ㉁࢜ࣂマス

内㒊のᐦ度変化をリルタムで 定するものである．応がṆしたᅛ体に対するCT 計

 は数ከく行ࢃれているが，本 定法のようなᅛ体内㒊の非定ᖖ計 はにがなく，ୡ界

的にぢてもᴟめて⊂性の高いものである． 
本研究では，この⊂⮬計 法を，ᅛ体ᗫᲠ≀⇞↝時に生成されるྛ✀つ制≀㉁の生成機ᵓ

解明に応用することを目的とする．しかしながら，つ制≀㉁のฟをకう実験を実するた

めには，๓に生成される≀㉁の⃰度を定量的にண し，それらに応ࡌたᏳ対⟇を実す

るᚲせがある．本共同研究では，初めにሷ⣲⏤᮶のሷ化Ỉ⣲生成に╔目し，≉にᮌ㉁⣔ᗫᲠ

≀からのሷ化Ỉ⣲生成メカニズム解明を目的とした実験実にあたり，⬺Ỉ過程や熱分解過

程で生成されうるሷ化Ỉ⣲の⃰度を，ᩥ ⊩調ᰝ及び数値計算により᳨ウすることを目的とす

る． 
 
2. 研究成果の内容 

2.1 ᪤Ꮡの⇕≀ᛶ࣭Ꮫᛂᶵᵓの᥈⣴ 

 初めに，本研究に用可能な⇞↝化学応機ᵓの᥈⣴を行った．ᅛ体ᗫᲠ≀を定した高

⣭Ⅳ化Ỉ⣲の応⣔㸦H-C-O㸧はいくつかᏑᅾするものの，これらにはሷ⣲が関与する応

がྵまれていない．一方で，ሷ⣲がྵまれている⇞↝化学応機ᵓはいくつかᏑᅾするもの

の，これらは高⣭Ⅳ化Ỉ⣲がྵまれていない．そこで，本研究では Burcat による熱≀性デ

ータ࣋ース㸦http://garfield.chem.elte.hu/Burcat/burcat.html㸧をά用したᖹ⾮計算により，

生成されうる᭱大のሷ化Ỉ⣲⃰度を᥎定した．本データ࣋ースは⣙ 2500 化学✀の熱≀性デ

ータを㘓しており，⇞↝化学応の数値計算でもᗈく用いられている．また，本研究が対

㇟とする高⣭Ⅳ化Ỉ⣲やሷ化≀の熱≀性データもᗈくྵࢇでいる． 
 
 

課題番号 J18L039 
区分 リーࢲーࢩッࣉ共同研究 

課題分野 ⎔境・エネルギー分野 
研究期間 2018.4 ~2019.3 
継続年数 1 年目 
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2.2 ᖹ⾮ィ⟬ࡿࡼ⏕成࢞スのண  

 ๓㏙の Burcat 熱≀性データ࣋ースを用いてᖹ⾮計算を実した．計算には ANSYS 
CHEMKIN-PRO を用いた．ᮌ㉁⣔ᅛ体ᗫᲠ≀の成分としてࢭルロース㸦C6H10O5㸧を

定し，ᗫᲠ≀にྵまれるሷ⣲※としてሷ㸦NaCl㸧を定した．㓟⣲をྵまない⣔で 度を変

化さࡏて計算を行った．低 ᮲௳は⬺Ỉ過程，高 ᮲௳は熱分解過程に┦ᙜする． 
計算の結果，せ生成≀㉁として，ᨵ㉁࢞スの成分であるỈ⣲および一㓟化Ⅳ⣲がほᐹ

された．これらの࢞スは 度が高い生成量がቑ加した．また，ࢭルロース中の㓟⣲と一

㒊㓟化応が㐍み，ỈẼおよび㓟化Ⅳ⣲も生成された． 
 ᚤ量成分として，ሷ化Ỉ⣲，Ỉ㓟化ࢼトリ࢘ム，未応でᾮ化したሷがほᐹされた．この

うࡕሷ化Ỉ⣲について， 度上᪼にకって生成量が減ᑡするഴ向がほᐹされた．しかしなが

ら，速度ㄽ的ほⅬから低 で⌧実的な時間の⠊ᅖ内でከ量のሷ化Ỉ⣲が生成されることは考

えにくいことから，これはᖹ⾮計算による≉␗的な結果の可能性がある．このⅬは後の実

験で᳨ドするᚲせがある． 
 また，生成されるሷ化Ỉ⣲の⃰度を低ୗさࡏるために，❅⣲でᕼ㔘した᮲௳のᖹ⾮計算も

実した．その結果，❅⣲ᕼ㔘により⃰度は低ୗするものの， 度依Ꮡ性はᕼ㔘の᭷↓で変

化がなかった． 
 
�. 研究目ᶆの㐩成≧ἣ 

高輝度ᨺᑕගタSPring-8 における実験機⋓得のにより，本研究ではにᩥ⊩調ᰝ

や数値計算による᳨ウを㐍めた．その結果，ሷ⣲をྵࡴᅛ体ᗫᲠ≀ᶍᨃヨᩱを用いた実験実

に向けた基♏的᳨ウを実することができた．なお，本共同研究は，ᴗをྵめた୕者に

よる共同研究と発ᒎするぢ㎸みを得ることができた． 
 
 ᚋのㄢ㢟ࡵࡲ .�

ᶍᨃヨᩱに対する加熱およびሷ化Ỉ⣲⃰度計 を行い，得られたሷ化Ỉ⣲の⃰度ண 結果

とẚ㍑することで，ண 値のጇᙜ性を᳨ドする．その結果をඖに，高輝度ᨺᑕගタSpring-8
での実験置ᨵⰋを㐍める． 
また，ᅛ体ᗫᲠ≀の⇞↝࢞スにྵまれるつ制≀㉁として，本研究で᳨ウしたሷ⣲⏤᮶の

ሷ化Ỉ⣲のかに，◲㯤⏤᮶の◲㯤㓟化≀ながある．後は，X ⥺㏱過ග計 の対㇟とし

て，こうしたのඖ⣲をྵめることで，ᅛ体ᗫᲠ≀の⇞↝や熱分解過程において，さまࡊま

なつ制≀㉁が生成されるメカニズム解明に本手法を応用ᒎ㛤していくことが期ᚅされる． 
 
�. 研究成果㸦 㸧ࡾ࠶ๅูࡣ

1� Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪解ㄝ➼をྵࡴ㸧 

なし 

2� ᅜ㝿㆟࣭ᅜ内Ꮫ࣭研究ཱྀ࣭㢌Ⓨ⾲➼ 

なし 

 Ⓨ⾲➼㸧࣑ࢥス࣐の㸦≉チ㸪ཷ㈹㸪ࡑ ��

なし 
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Numerical Study on Gas Lubrication System Using Micro/Nanoscale Dimples 
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1. Purpose of the project 

  Surface texturing has been studied for improvement in tribological performance of 
sliding surfaces. In the case where liquid is used as a lubricant for microhydrodynamic 
bearings, the pressure cannot be lower than the pressure at which cavities are formed 
in the liquid. Therefore, the pressure rise will be greater than the pressure drop, and it 
has been explained that this asymmetric pressure distribution may make the pressure 
averaged over the whole surface higher than the ambient pressure. Since the cavitation 
does not appear in gas, the mechanism of gas lubrication is different from that of liquid 
lubrication and it had not been explained. Recently, the applicant clarified the 
mechanism of high gas pressure generation induced by a textured surface in 
micro/nanoscale. Up to now, we mainly investigated high pressure generation due to one 
dimple surrounded by periodic boundaries. Namely, it was assumed that the dimples 
were repeated periodically. But, considering the practical use of surface dimples for 
lubrication, the collective function of a group of dimples for pressure generation and the 
influence of inner edge region connecting to the atmospheric air on pressure generation 
are important. And hence, we investigate those in the present study by 3D numerical 
simulations and by theoretical analyses.  
 
2. Details of program implement  

  The lubricated surface of the slider is given by the grid of 5x4 dimples cut out of the 
repeated dimple pattern. The lower counter surface is sliding in the x direction. 
Considering the bisecting plane along the x-axis as a symmetry plane, we only needed to 
simulate the flow field in the half of the lubricated region, as shown in Fig. 1a. Each 
dimple has the same shape of a rectangular parallelepiped. The dimensions of pattern 
are named as shown in Fig. 1. The dimensions L1, L3 and L4 were set as L1=10µm, 
L3=L4=1µm. The two values, 1 and 10µm, were considered as the distance L5 between 
the outer column of dimples and the side edge of the slider. The three values, 10, 20, and 
40µm, were considered as the distance L2 between neighboring dimples along the 
sliding direction. The maximum clearance d between the slider surface and the counter 
surface was fixed at 1µm. The minimum clearance h between the surfaces was varied as 
0.1, 0.05, 0.02, and 0.01µm. Temperature of ambient atmospheric air and temperature 
of all walls are set at 300K. Mean free path of air molecules is ǌ �����Ǎm� The Knudsen 
numbers calculated with h are .n ǌ�h  ����, ���, ����, and ��� for each h. Gas/surface 
interaction is modeled by the diffuse reflection model. The software program SMILE++ 
was used for computations. 
  The pressure distributions along the dimple columns are shown in Fig. 2. The solid 
lines show the pressure on the counter surface along the symmetry plane. The dashed 

Project code J18L049 
Classification Discretionary collaborative research 
Subject area Environment and energy 
Research period April 2018 ~ March 2019 
Project status 1st year (progressing) 
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lines show the pressure along the outer dimple column. In the case of narrower side flat 
region of L5 �Ǎm, the pressure along the outer dimple column is much smaller than 
that along the inner dimple column. The high average pressure successfully appeared over 
the first dimples next to the inlet of the lubrication system. But, in the second and latter 
dimples, the minimum pressure became lower and the pressure depression relative to the 
atmosphere at the position of the minimum pressure became as much as the pressure rise 
relative to the atmosphere at the position of the maximum pressure. Therefore, the average 
pressure over the region of the second and latter dimples became much smaller than the 
average pressure over the region of the first dimple. This pressure decline may be caused by 
the leakage of gas from the side of the lubrication system. 
 

 
 

Fig. 1 Geometry of surfaces 
 

Fig. 2 Pressure distribution 
 
 
3. Achievements 

  We demonstrated that the side leakage leads to decrease of the average pressure 
distribution between the slider and counter surfaces by performing 3D simulations 
considering the side exit to the atmosphere. This is the important first step to solve the 
problem of side leakage to obtain the high pressure preferable for lubrication system.  
 
4. Summaries and future plans 

  In 3D simulation of the lubrication system, the pressure generation and the side 
leakage were reproduced successfully. In the next year, we will investigate the side 
leakage to the atmosphere in detail for practical use of this lubrication system. 
 
5. Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. (included 

international conference without peer review) 

*[1] Pavel Vashchenkov, Yoshiaki Kawagoe, Shigeru Yonemura: DSMC computations of 
3D Flow in Textured Micro/Nano Channel, Proceedings of the Eighteenth 
International Symposium on Advanced Fluid Information (AFI-2018), Sendai, 
(2018), CRF-89, pp. 184-185. 

3) Patent, award, press release etc.  

Not applicable. 
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⬟㧗ᛶࡿ࡞᭦ࡋ◚ᡴࢆࢀࡇ୰࡛㸪ࡿࢀࡉ ணࡀࡢ⾡ AI ᢠ࡚ࡋ㸪ඹྠࡵࡓࡿࡍ⌧ᐇࢆ

ኚ࣓ࣔࣜ㸦ReRAM㸧ࢆ✲◊ࡢ࡞㐍ࡿࡵ㸬≉㸪ᮾὶయ◊ࡀᣢࡘపᦆയࡢ୰ᛶ⢏Ꮚ

ReRAMࡓࡋᙧᡂࡾࡼᡭἲࡓ࠸⏝ࢆ࣒࣮ࣅ ࢽ㸪ࡋホ౯࡚࠸⏝⾡ホ౯ᢏࡿࡍ᭷ࡀ㸪ࢆ➼

ReRAMࡿ࠼⪏ᵓ⠏ࢡ࣮࣡ࢺࢵࢿ࣮ࣝࣛࣗ  㸬ࡍᣦ┠ࢆ⌧ᐇࡢࢫࣂࢹ
 
2. ◊✲ᡂᯝࡢෆᐜ 

ὶయ◊ࡢ⊂⮬ᢏ⾡࡛ࡿ࠶㸪୰ᛶ㓟⣲ࡿࡼ࣒࣮ࣅ㓟≀ᙧᡂἲࡿ࠸⏝ࢆ㸪ᴟ࠸࡚ⷧࡵ⤯

⦕ᒙࢆ᭷ࡋ㸪ୟࡘᦆയ࠸࡞ࡢ Cu/TaOx/Pt ReRAM ࢡ࣮࣡ࢺࢵࢿ࣮ࣝࣛࣗࢽ㸬ࡿࡁస〇࡛ࡀ

࡞㸪ᵓ㐀ࡋゎ᫂ࢆ࣒ࢬࢽ࢝㸪ືస࣓ࡣࡵࡓࡍᣦ┠ࢆ㧗⢭ᗘࡢ࡚ࡋࢫࣂࢹࢢࣟࢼ⏝

ࡢࡑ㸪㏱㐣㟁Ꮚ㢧ᚤ㙾(TEM)ෆࡿ࠶࡛⾡ᢏ⮬⊃ࡢ㸪࡛ࡇࡑ㸬ࡿ࠶ྍḞ࡛ࡀ㐺᭱ࡢ

ሙほᐹἲࡾࡼ㸪᩿ࡢࣝࣉࣥࢧ㠃ࡢࡽ㧗ゎീᗘほᐹࢆ

㸬ࡿ࠸࡚ࡋᣦ┠ࢆࡇࡿࡍホ౯ࢆ㟁Ẽⓗ≉ᛶࡽࡀ࡞࠸⾜

ࡿ࠸࡚࠸⏝㸪ࡋࡋ TaOx ᒙࡣᴟࡃ࡚ⷧࡵ㸪㏻ᖖࡢ᪉ἲ

ホࡢᚑ᮶ᆺࡣ㸬ᅗ㸯(a)ࡓࡋุ᫂ࡀࡇ࠸ࡋ㞴ࡀ ほࡣ࡛

౯ࡢࣝࣉࣥࢧᙧ≧ᶍᘧᅗ࡛㸪࣒࣮ࣅࣥ࢜ຍᕤ࡛ࢫࣀࢼ

ࡢ࣮ࣝࢣ ReRAM 㸬TEMࡿ࠸࡚ࢀࡽࡅศࡾษ ෆ࡛ࣆ

ReRAMࢆ㟁ᴟ㔪ࡓࢀࡉ㥑ືࢰ࢚ ᙜ࡚࡚㟁㒊㟁ᴟୖࡢ

ὶࢆὶࡍ㝿ࡣ㸪ᇶᯈSi 㸬ࡓ࠸࡚ࡗ࡞ᵓ㐀ࡍὶࢆ㟁ὶ

㸪ᇶᯈSiࡣᵓ㐀࡛ࡢࡇ㸪ࡋࡋ ࡵࡓࡿࢀࡉᒙⷧࡶ

ᢠࡀᴟ࡚ࡵ㧗ࡾ࡞ࡃ㸪TEM ෆ࡛ ReRAM ⣲ᏊࡀⰋዲ࡞

ືసุࡀࡇ࠸࡞ࡋࢆ᫂ࡓࡋ㸬࡛ࡇࡑ㸪ᅗ㸰(b)ࡢᨵⰋᆺ

㸪ࡣᵓ㐀࡛ࡢࡇ㸬ࡓࡋ㛤Ⓨࢆ⾡ᢏࡿࡍຍᕤࣝࣉࣥࢧࡢ

㟁ὶࡣୗᒙ㔠ᒓ㟁ᴟࢆ㏻࡚ࡗᶓᢤ࡛ࡢࡿࡅ㸪㧗ᢠࡢ
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〇࡚ࡋ㸪ືࡢࡇస᳨ࡢド࠸⾜ࢆపᢠ࡛ࡇࡿ࠸࡚ࡁ
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ᅗ 1㸸TEM ෆホ౯ࡢࣝࣉࣥࢧ

ᵓ㐀㸬(a)ᚑ᮶ᆺ㸪(b)ᨵⰋᆺ 
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 㸬ࡓࡋㄆ☜ࢆ
㐺ࣝࣉࣥࢧࡢ◊ὶయࢆᡭἲࡢࡇ

㸪Cu/MoOx/Al2O3/SiN/Pt๓ࡿࡍ⏝
ᵓ㐀ࡢ ReRAM ᵓ㐀࠸⏝ࢆ㸪TEM
ࡋ㏉ࡾ⧞୰࡛ࡢ Set-Reset ືసࡉࢆ

ࡓࡋホ౯.ࡓࡗ⾜ࢆホ౯ࡢሙྜࡓࡏ

ึᮇࡽ 33 ⾲௦ࡢ࡛ࡲ┠ࣝࢡࢧ

ⓗ࡞ TEM ほᐹീࡍ♧ࢆ㸬ࡢࡇ㛫㸪

Ⰻዲ࡞ᢠኚືసࡾ⧞ࡀ㏉࡚ࢀࡉ

㸪࠼ぢࡀኚ㡿ᇦࡢ㸪㉥ࡀࡿ࠸

ᢠኚࡢཎᅉࢺ࣓ࣥࣛࣇࡿ࡞

ᙧᡂࡀ㉳ࡿࢃࡀࡇࡓࡁ㸬10 ࢧ

㸪ࡁ㉳ࡀᵓ㐀ኚ࡞ࡁ㸪࡛┠ࣝࢡ

ຎࡢࡘࡦ࠸࡞ࡁ࡛ ほࡣ࡛ࡅࡔᛶホ౯≉࡞㸪㟁Ẽⓗࡀࡿࡌ⏕ࡣᢠኚࡁ⥆ࡁᘬࡶᚋࡢࡑ

ᶵᵓࡀほᐹࡿࢀࡽ࠼⪄ࡓࢀࡉ㸬 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 
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ぢᴟࡀࡇࡿࡵྍ⬟࡞ຎࡢೃࡢࡑࡸᑐ⟇᳨ࡶウྍ⬟ࡶࡇࡿ࡞᫂ࡓࡗ࡞ࡽ㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4
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1. Purpose of the project 

A data assimilation methodology has been proactively developed in atmospheric 
modeling. Since atmospheric conditions change drastically over time with even a 
tiny change of initial conditions, it is inevitable to utilize measurements to improve 
the accuracy of a prediction. The methodology must be useful in the prediction of 
pedestrian flow that shares common difficulties such as a sensitivity of the initial 
conditions and difficulty in the prediction of human motion.  The objective of this 
project is to apply a data assimilation methodology that has been developed at IFS, 
Tohoku University to our numerical simulation code to improve the accuracy of 
pedestrian flow simulation 

 
2. Details of program implement  

Ensemble Kalman Filter (EnKF), which is a type of the data assimilation 
methodology, was applied within a computational pedestrian and crowd dynamics 
simulation tool. The co-author at IFS has developed the EnKF source code, while the 
computational pedestrian and crowd dynamics code has been developed by the 
co-author at George Mason University. The codes have been incorporated by the 
author.  
The real observation data of pilgrims around the Kaaba was utilized to improve the 
accuracy of the numerical simulation. Figure 1 shows the snapshot of the numerical 
simulation of pilgrims at the Kaaba. Pilgrims enter from a gate on the left, walk 
around the Kaaba 7 times, and, after Sunna prayer, exit at the gate on the right. 
EnKF was applied to improve 11 parameters: desired pedestrian velocity, variability 
of velocity, relaxation time to achieve desired velocity, variability of relaxation time, 
variability of pedestrian radius, pushiness (min/max), comfort zone, the pilgrim’s will 
force, and tolerance to high densities. 32 parameter sets were prepared as the initial 
ensemble members. The total computational time was about 20 hours using 576 
cores of the SGI ICE X system. Figure 2 shows the comparison of the pilgrim density 
along the distance from the Kaaba for the observation, the computed result using the 
original parameter set, and the computed result using the estimated parameter set. 
The computed result using the estimated parameter sets by the EnKF shows an 
excellent agreement with the observation. 
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Figure 1 : Snapshot of the numerical 
simulation of pilgrims around the 
Kaaba using the new parameter set. 

Figure 2 : Comparison of the pilgrim density 
along the distance from the Kaaba between the 
observation (triangle) and the computation 
using the original parameter set (diamond), 
and the computation using the estimated 
parameter set (circle) 

 
3. Achievements 

EnKF was applied to estimate the empirical parameters required by the pedestrian 
and crowd dynamics simulation code PEDFLOW. The new runs using the estimated 
parameter set provided much closer results to the experimental data than the results 
using the original parameters. The application of EnKF to pedestrian flow 
simulation will be a useful approach for future pedestrian flow simulations. 

 
4. Summaries and future plans 

A numerical simulation code for pedestrian flow which has a data assimilation 
capability has been developed. The demonstration on unidirectional experimental 
pedestrian flow was performed in the first year. In second year, the methodology was 
applied to realistic pedestrian flow prediction. In both scenarios, the new runs using 
the estimated parameter set provided much closer results to the observed data than 
the results using the original parameters. The advantage of the EnKF is the 
capability of dynamically utilizing the observation data. Parameters, initial 
conditions, and boundary conditions are updated whenever the new observation data 
is available. Thus the accuracy of the numerical simulation keeps improving along 
the environmental conditions such as season, weather, time, temperature, etc. 
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1. Purpose of the project 

Air traffic has been forecasted to be the largest on record in this year and has grown 
steadily by about four percent every year. The airport capacity has reached its limit 
with the steady increase of aviation demands. Thus a method for improving the 
efficiency of airport capacity has been required. Considering the environment of an 
airport, it is possible that a pair of vortices is generated in the atmosphere where 
another pair of vortices from the preceding aircraft still exists. For example, runways 
are parallel so that a pair of vortices from an aircraft moves to another runway path due 
to crosswind. Also, the flight paths may cross each other. In such cases, the vortices of 
the following aircraft are influenced by interacting with the other vortices remained in 
the atmosphere. Therefore, it is necessary to clarify the transport and decay mechanism 
of the vortices considering the interaction with another pair of vortices. 
 
2. Details of program implement 

This study analyzes wake vortex transport when multiple wake vortices are located in 
close proximity to find out issues associated with wake vortex interaction. The issues 
are mutual induction for transport of multiple wake vortex, vortex linking and decay 
process, vortex lifespan, and finding the characteristics of multiple wake vortex 
interaction cases. The two wake vortex pairs are located in the same lateral position 
except for vertical displacement. Vertical displacement was set from 0.5 to 3 times the 
initial vortex spacing. This is arbitrarily set by assuming that the aircraft wake vortices 
move to other places because of various factors such as crosswind, or the crossing of the 
flight path resulting in the interaction among vortices. The wake vortex circulation 
strength is 530 m2/s and 360m2/s considering heavy and medium size of aircraft. The 
vortex spacing is set to 47.1m. and the core radius was set to rc = 2.8 m. The statistical 
steady state isotropic turbulence was generated using the SNGR and artificial external 
forcing. The velocity profile of multiple wake vortex was added to pre-calculated 
turbulence field. 
 
3. Achievements 

During the interaction of two pairs of wake vortices, instability develops and 
transports and decays. Therefore, analysis of the energy spectrum according to the 
wave spectrum can be used to quantify and analyze changes in long- and short-wave 
instability over time. Figure 1 a-c) shows the wave spectra of longitudinal mode 
energy over time. The dashed line represents the rigid motion, which means 
average longitudinal averaged flow, and the initial 64 modes from wavelength 8 to 
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0.125 times the initial vortex spacing were analyzed over time. Crow, Crouch, and 
Widnall type instability were visualized and compared according to the previous 
studies in each wave component. The development of long-wave (Crow type) 
instability, a key feature of single wake vortex interactions, develops when 
interactions between counter-rotating vortexes in wake vortex pairs are suppressed. 
When interactions between two wake vortex pairs occur, medium-wave (Crouch 
type) instability increases when interaction between wake vortices occurs 
somewhat away. The short-wave (Widnall type) insta b i l i t y  i n c r e a s e s  d r a m a t i c a l l y  w h e n  
c o-r ot a t i n g  v or t i c e s  i n t e r a c t  w i t h  e a c h  ot h e r  i n  c l os e  pr ox i m i t y . 

 
Figure 1 : a-c) Longitudinal modal energy evolution according to non-dimensional time; 

d) Classification for two-vortex-pair wakes 
 
Behavior characteristics of wake vortex interaction cases can be classified into merging, 
strong interaction and forced interaction, and weak interaction. The behavior 
characteristics according to the initial parameters of the wake vortex interaction cases 
are classified and shown in Figure 1 d). In the wake vortex interaction analysis, the 
behavior characteristics are dominantly influenced by the vertical distance, and the 
vertical distance by which the behavior characteristics are classified according to the 
circulation ratio is changed. 
 
4. Summaries and future plans 

Among vortices generated from different aircraft, the interaction can happen for various 
reasons such as overlapping routes or due to crosswind. Three different characteristics 
depending on the distance between two pairs of wake vortices are found. The upper 
wake vortices were initially moved toward each other and showed a fast descending 
speed, while the lower wake vortices were initially spread to both sides and showed a 
slow descending speed. The upper wake vortex was dissipated faster by the effect of the 
wake vortex below. Two pairs of vortices are merged into single strong vortex when the 
distance is half of initial vortex spacing. The positions of upper and lower vortex pairs 
are switched without being merged and rapid decay by formation of vortex ring when 
the vertical displacement is up to twice of initial spacing. When the vertical 
displacement is three times the initial spacing, rapid dissipation of the upper wake 
vortex occurs, and the lifespan of lower wake vortex increased because the spacing 
becomes distant. 
 
5.  Research results (* reprint included)  

1) Journal (included international conference with peer review and tutorial paper) 
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2) International and domestic conferences, meeting, oral presentation etc.  
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㸬ᰯṇᐇ㦂ࡍ♧ࢆᴫᛕᅗࡢṇᐇ㦂ᰯ㸬ᅗ㸯ࡓࡋホ౯ゎᯒⓗ್ᩘࢆṇᐇ㦂ᰯࡢ⅔㯮యࡓ࠸⏝ࢆ

 㸬ࡿࡍ⨨タࢆ࣒ࣝࣇ㉥እ⥺྾㛫ࡢ࣓ࣛ࢝⥺㉥እ⅔㯮యࡣ࡛
 

 
ᅗ 1㸸㉥እ⥺྾ᰯࡓ࠸⏝ࢆ࣒ࣝࣇṇᐇ㦂ࡢᴫᛕᅗ 

 
ᗘ ࡢࡅࡳ࠸పࡾࡼᐇ㝿 ᗘࡢ⅔㯮యࡣ࣓ࣛ࢝⥺㉥እ࡚ࡗࡼ㉥እ⥺྾ࡿࡼ࣒ࣝࣇ

᳨࡛ฟࡿࢀࡉ㸬㯮య⅔ࡽᨺฟࡿࢀࡉ㉥እ⥺࣒ࣝࣇࡣཬࡧ㸪ࡢ࣓ࣛ࢝ศගឤᗘ≉ᛶ࡚ࡗࡼῶ

ࡢࡅぢࡀ⅔㸪㯮యࡢ࠸࡞ࡵᣳࢆ࣒ࣝࣇࡣ㉥እ⥺㔞ࡢࡇ㸬ࡿࢀࡉධᑕ࣓ࣛ࢝⥺㉥እ࡚ࡋ⾶

 ᗘ࡛ࡁࡿ࠶㉥እ⥺࣓ࣛ࢝ධᑕࡿࢀࡉ㉥እ⥺㔞ࡶࡿ࠶୍࡛ྠゝࡿ࠼㸬ࡢ࣓ࣛ࢝ឤᗘ≉

ᛶ࡚ࡋࢱ࣮࣓ࣛࣃࢆホ౯ࡿࡍ㸪ୖ㏙ࡓࡋ㸰ࡢࡘ㉥እ⥺㔞ࡢᕪࡀ㸮ࡿ࡞ࡢឤᗘ≉ᛶࡢ᮲௳

ホ౯ゎᯒⓗ್ᩘࢆᮏᰯṇᐇ㦂ࡣ࡛✲◊㸬ᮏࡿ࡞ឤᗘ≉ᛶࡢ࣓ࣛ࢝⥺㉥እ࠸ࡓࡋ ᐇ㦂࡛ணࡀ

㸬ゎᯒᐇ㦂࡛ࡓࡋホ౯ࢆ࠺⬟ᢕᥱྍࡀឤᗘ≉ᛶࡢ࣓࡚ࣛ࢝ࡗࡼ㸪ᮏᐇ㦂ᡭἲ࡛ࡇࡿࡍ

㸰ࡓࡋ㸪ୖ㏙࡚ࡋࡑ㸬ࡓࡋ௬ᐃࡿ࠸࡚ࡗࡀᗈศᕸୖࢫ࢘࢞ࡀศගឤᗘ≉ᛶࡢ࣓ࣛ࢝⥺㉥እࡣ

㸬ࡍ♧ࢆศᕸࡢⓗ㛵ᩘ┠ࡿࡅ࠾ᮏゎᯒ㸬ᅗ㸰ࡓࡗ⾜ࢆホ౯࡚ࡋⓗ㛵ᩘ┠ࢆᕪࡢ㉥እ⥺㔞ࡢࡘ

ಖ┠ⓗ㛵ᩘࡀ᭷⏝࡛ࢆ࠺ࡿ࠶ホ౯ࡵࡓࡿࡍ㸪ゎᯒᐇ㦂࡛௬ᐃࡢ್┿ࡢࢱ࣮࣓࣮ࣛࣃࡓࡋ

⨨ࡍ♧ࡶ㸬ᅗ㸰࠺ࡼࡿࢀࡉ♧㸪ᅇࡢᐇ㦂⣔࡛ࡣ┠ⓗ㛵ᩘࡢᩘ「ࡀᒁᡤゎࢆ᭷ࡇࡿ࠸࡚ࡋ

ㄢ㢟␒  ྕ J18L064 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 
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㉥እࡣ㸪ᮏᐇ㦂⣔࡛ࡽࡇࡢ㸬௨ୖࡓࡗศࡀࡇ࠸ࡋ㞴ࡣࡇࡿࡍ ணࢆ್┿㸪ࡾศࡀ

ࡿ࠶ࡀᚲせᛶࡿࡍᨵၿࢆᡭ㡰ࡢᐇ㦂⣔ࡃࡋ㞴ࡣࡇࡿࡍᢕᥱⓗ⩏୍ࢆศගឤᗘ≉ᛶࡢ࣓ࣛ࢝⥺

 㸬ࡿ࠼⪄
 

 
ᅗ 2㸸ᰯṇᐇ㦂ࡽసᡂࡓࡋ┠ⓗ㛵ᩘࡢศᕸ㸦㉥࠸ᅄゅࡣồࡍ♧ࢆ್┿࠸ࡓࡵ㸬㸧 

 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲ᮇ㛫࡛ࡢ࣓ࣛ࢝ࡣศගឤᗘ≉ᛶࡧࡼ࠾㸪ࡃࡩᑕᛶ፹యࡢ྾ಀᩘࡢἼ㛗౫Ꮡᛶࢆ⪃៖ࡋ

࣓࢝⥺㸪㉥እࡋᢕᥱࢆศගឤᗘ≉ᛶࡢ࣓ࣛ࢝ࡣⓗ┠⤊᭱ࡢ✲◊㸬ᮏࡓࡋᵓ⠏ࢆࣝࢹゎᯒ್ࣔᩘࡓ

ࡍᢕᥱࢆ⬟ᛶ࣓ࣛ࢝㸪࠸⏝ࢆࣝࢹࣔࡓࡋᵓ⠏ࡣ㸬ᮏ◊✲ᮇ㛫࡛ࡿ࠶࡛ࡇࡿࡏࡉୖྥࢆ⬟ᛶࡢࣛ

ࢆศගឤᗘ≉ᛶࡣ㸬ᚋࡓࡁ࡛ࡀࡇࡿࡍ㆟ㄽゎᯒⓗ್ᩘ࡚࠸ࡘ᪉ἲ࡞ලయⓗࡢṇᐇ㦂ᰯࡿ

 㸬ࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡋ㆟ㄽ࡚࠸ࡘṇᐇ㦂ᰯࡿࡁᢕᥱ࡛☜ṇࡾࡼ
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᮏ◊✲ᮇ㛫ࡣ࡚࠸࠾㸪⪃ᰯࡓࡋṇᐇ㦂್ᩘࢆゎᯒⓗホ౯ࡓࡋ㸬ᅇࡢᐇ㦂⣔࡛ࡣ㉥እ⥺

྾୍ࢆ࣒ࣝࣇᯛࡎࡽ࠾࡚࠸⏝ࡋ┠ⓗ㛵ᩘࡢ⢭ᗘࡀపୗࡿ࠼⪄ࡿ࠸࡚ࡋ㸬ᚋࡣ」ᩘᯛࡢ

྾ᰯࡓ࠸⏝ࢆ࣒ࣝࣇṇᐇ㦂್ᩘࢆゎᯒⓗホ౯ࡋ㸪ᰯṇᐇ㦂ࡿࡅ࠾┠ⓗ㛵ᩘࡢ⢭ᗘྥୖࢆ

ᅗࡃ࠸࡚ࡗ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

[1] T. Kogawa, E. Shoji, J. Okajima, A. Komiya, S. Maruyama: Experimental evaluation of 
thermal radiation effects on natural convection with a Rayleigh number of 108–109 by 
using an interferometer, Int. J. Heat and Mass Trans., Vol. 132 (2019), pp. 1239-1249. 

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[2] T. Kogawa, J. Okajima, A. Komiya, S. Maruyama: Development of accurate temperature 
method by infrared camera, Proceedings of the 18th International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-26, pp. 52-53. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞
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㉥እࡣ㸪ᮏᐇ㦂⣔࡛ࡽࡇࡢ㸬௨ୖࡓࡗศࡀࡇ࠸ࡋ㞴ࡣࡇࡿࡍ ணࢆ್┿㸪ࡾศࡀ

ࡿ࠶ࡀᚲせᛶࡿࡍᨵၿࢆᡭ㡰ࡢᐇ㦂⣔ࡃࡋ㞴ࡣࡇࡿࡍᢕᥱⓗ⩏୍ࢆศගឤᗘ≉ᛶࡢ࣓ࣛ࢝⥺

 㸬ࡿ࠼⪄
 

 
ᅗ 2㸸ᰯṇᐇ㦂ࡽసᡂࡓࡋ┠ⓗ㛵ᩘࡢศᕸ㸦㉥࠸ᅄゅࡣồࡍ♧ࢆ್┿࠸ࡓࡵ㸬㸧 

 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲ᮇ㛫࡛ࡢ࣓ࣛ࢝ࡣศගឤᗘ≉ᛶࡧࡼ࠾㸪ࡃࡩᑕᛶ፹యࡢ྾ಀᩘࡢἼ㛗౫Ꮡᛶࢆ⪃៖ࡋ

࣓࢝⥺㸪㉥እࡋᢕᥱࢆศගឤᗘ≉ᛶࡢ࣓ࣛ࢝ࡣⓗ┠⤊᭱ࡢ✲◊㸬ᮏࡓࡋᵓ⠏ࢆࣝࢹゎᯒ್ࣔᩘࡓ

ࡍᢕᥱࢆ⬟ᛶ࣓ࣛ࢝㸪࠸⏝ࢆࣝࢹࣔࡓࡋᵓ⠏ࡣ㸬ᮏ◊✲ᮇ㛫࡛ࡿ࠶࡛ࡇࡿࡏࡉୖྥࢆ⬟ᛶࡢࣛ

ࢆศගឤᗘ≉ᛶࡣ㸬ᚋࡓࡁ࡛ࡀࡇࡿࡍ㆟ㄽゎᯒⓗ್ᩘ࡚࠸ࡘ᪉ἲ࡞ලయⓗࡢṇᐇ㦂ᰯࡿ

 㸬ࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡋ㆟ㄽ࡚࠸ࡘṇᐇ㦂ᰯࡿࡁᢕᥱ࡛☜ṇࡾࡼ
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᮏ◊✲ᮇ㛫ࡣ࡚࠸࠾㸪⪃ᰯࡓࡋṇᐇ㦂್ᩘࢆゎᯒⓗホ౯ࡓࡋ㸬ᅇࡢᐇ㦂⣔࡛ࡣ㉥እ⥺

྾୍ࢆ࣒ࣝࣇᯛࡎࡽ࠾࡚࠸⏝ࡋ┠ⓗ㛵ᩘࡢ⢭ᗘࡀపୗࡿ࠼⪄ࡿ࠸࡚ࡋ㸬ᚋࡣ」ᩘᯛࡢ

྾ᰯࡓ࠸⏝ࢆ࣒ࣝࣇṇᐇ㦂್ᩘࢆゎᯒⓗホ౯ࡋ㸪ᰯṇᐇ㦂ࡿࡅ࠾┠ⓗ㛵ᩘࡢ⢭ᗘྥୖࢆ

ᅗࡃ࠸࡚ࡗ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

[1] T. Kogawa, E. Shoji, J. Okajima, A. Komiya, S. Maruyama: Experimental evaluation of 
thermal radiation effects on natural convection with a Rayleigh number of 108–109 by 
using an interferometer, Int. J. Heat and Mass Trans., Vol. 132 (2019), pp. 1239-1249. 

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[2] T. Kogawa, J. Okajima, A. Komiya, S. Maruyama: Development of accurate temperature 
method by infrared camera, Proceedings of the 18th International Symposium on 
Advanced Fluid Information, Sendai, (2018), CRF-26, pp. 52-53. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

 

 
 

 

 

 

 

 

Ỉ୰ࡿࡼ࣐ࢬࣛࣉᚤ⣽ẼἻࡢ⏕ᡂ࣭Ᏻᐃᶵᵓ 

Mechanism of Generation and Stabilization of Fine Bubbles Generated by Plasma in Water 

  

బ⸨ ᓅᙪ*†㸪୰㇂ 㐩⾜**†† 
ᐑཎ 㧗ᚿ***㸪㇂ Ύఙ*㸪ୖཎ ⪽ྖ*㸪୰ᔱ ᬛᶞ* 

*ᮾᏛὶయ⛉Ꮫ◊✲ᡤ㸪**ᒸᒣ⌮⛉Ꮫࢸࣥࣟࣇ⌮ᕤᏛ◊✲ᡤ 
***㟼ᒸᏛᏛ⾡㝔ᕤᏛ㡿ᇦᩘ⌮࣒ࢸࢫࢩᕤᏛ⣔ิ 

†⏦ㄳ⪅㸪††ᡤእᑐᛂ◊✲⪅ 

 

1. ◊✲目ⓗ 

Ỉ୰࡛ᨺ㟁ࡿࡏࡉ㝿ᙧᡂࡿࢀࡉᚤ⣽ẼἻࡢ⏕ᡂ㐣⛬ࡸᏳᐃᶵᵓྍ࡚࠸ࡘどᐇ㦂

  㸬ࡿࡍࡽ᫂ࡋ㏻ࢆ
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᖹᡂ 30 ᖺᗘࡣ㸪Ỉ୰࣐࣮ࣜࢺࢫ㐍ᒎᚋࡢẼἻࡢࣝࢿࣕࢳᡂ㛗࣭⦰ᔂቯ㐣⛬ྍ࡚࠸ࡘ

どࡓࡗ⾜ࢆ㸬ᅗ㸯࣐࣮ࣜࢺࢫẼἻࣝࢿࣕࢳ⏕ᡂࡽᔂቯࡢ࡛ࡲ㐃⥆┿ࡍ♧ࢆ㸬┿ࡣ

㛫㝸࣒࣮ࣞࣇ 1 µs࡛㐃⥆ 255ᯛᙳࡓࡋ㸬࣐࣮ࣜࢺࢫ㐍ᒎࡣ㟁ᅽ༳ຍᚋ 2 µs⛬ᗘ࡛⤊ࡍ

ࣝࢿࣕࢳẼἻ࣐࣮ࣜࢺࢫᚋ㸪ࡢࡑ㸬ࡿࡅ⥆ࢆᙇ⭾࡛⇕ࡢᡂ⏕࣐࣮ࣜࢺࢫࡣ࡛ࡲ㸪9 µsࡀࡿ

ࢳẼἻࡢ࿘ᅖࡣ㸪ẼἻࡣ㉳Ⅼ࿘㎶࡛ࡢ࣐࣮ࣜࢺࢫࡢ㸪㟁ᴟ㏆ഐࡀࡿࡵጞࢆᔂቯࡵጞࢆ⦰ࡣ

ㄢ㢟␒  ྕ J18L069 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠㸦Ⓨᒎ㸧 

F i g .1 A  s e r i e s  of  s h a d ow g r a ph s  of  pos i t i v e  s t r e a m e r  pr opa g a t i on  t a k e n  u s i n g  a  l a s e r  b a c k l i g h t  w i t h  a n  
e x pos u r e  t i m e  of  5 0 n s  a t  1 M f ps  a t  a n  a ppl i e d  v ol t a g e  of  13 k V . 
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㸬19 µsࡿࡅ⥆ࢆᡂ㛗ࡽࡀ࡞ࡋయྜࣝࢿࣕ ⦰ᚋࡢࡑ㸪ࡾ࡞᭱ࡣẼἻࡢ㟁ᴟ㏆ഐ

㌿ࡿࡌ㸬୍యࡓࡋẼἻࡣ㸪43 µs 㸬ẼἻᔂቯࡿࡍᚤ⣽ࡽࡀ࡞ࡋࢆࢻࣥ࢘ࣂࣜࡋᔂቯ

ṧ␃ẼἻࡿࡍ㏻㐣ࡀ㸪⭾ᙇἼࡵࡓࡿࡍኚᙇἼ⭾ࡿࡍỈ㠃࡛ᑕࡀᧁἼ⾪ࡿࡍ⏕Ⓨ

࡞ࡽ᫂ࡀࡇࡿࡍ␃ṧࡀẼἻ࡞ᚤ⣽ⓗ⤊᭱ࡋ㏉ࡾ⧞ࢆ㇟⌧࡞࠺ࡼࡢࡇ㸬ࡿࡍᙇ⭾ࡣࡢ

 㸬ࡓࡗ
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏᖺᗘࡣ㸪Ỉ୰ᨺ㟁ࡿࡼᚤ⣽ẼἻ⏕ᡂ㐣⛬ྍࡢどᡂຌࡋ㸪ᚤ⣽ẼἻࡀỈ୰࣮ࣜࢺࢫ

㸪ᮏᖺᗘࡾࡼࢀࡇ㸬ࡓࡋࡽ᫂ࢆࡇࡿࡍᡂ⏕ࡾࡼᡂ㛗࣭ᔂቯࡢࣝࢿࣕࢳẼἻࡿࡼ࣐

 㸬ࡿ࠸࡚࠼⪄ࡓࡋ㐩ᡂࡣⓗ┠ࡢ
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᮏᖺᗘࡣ㸪ᚤ⣽ẼἻࡢ⏕ᡂ㐣⛬ྍࡢどᡂຌࡀࡓࡋ㸪ࡽࡉᖏ㟁ẼἻࡢᣢࡘ≉ᚩࡸᣲື

ࡢᶵᵓࡢ࡞ࡢࡿࡍ␃ṧ࡚ࡋఱᨾᏳᐃࡀᚤ⣽ẼἻࡿࡍᡂ⏕ࡀ࣐ࢬࣛࣉ㸪ࡋࢆド᳨࡚࠸ࡘ

ゎ᫂ࢆ┠ᣦࡍ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞  
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

 ࡋ࡞

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

㸦≉チ㸧  ࡋ࡞ 
㸦ཷ㈹㸧  ࡋ࡞ 
㸦࣑ࢥࢫ࣐Ⓨ⾲㸧  ࡋ࡞ 
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㸬19 µsࡿࡅ⥆ࢆᡂ㛗ࡽࡀ࡞ࡋయྜࣝࢿࣕ ⦰ᚋࡢࡑ㸪ࡾ࡞᭱ࡣẼἻࡢ㟁ᴟ㏆ഐ

㌿ࡿࡌ㸬୍యࡓࡋẼἻࡣ㸪43 µs 㸬ẼἻᔂቯࡿࡍᚤ⣽ࡽࡀ࡞ࡋࢆࢻࣥ࢘ࣂࣜࡋᔂቯ

ṧ␃ẼἻࡿࡍ㏻㐣ࡀ㸪⭾ᙇἼࡵࡓࡿࡍኚᙇἼ⭾ࡿࡍỈ㠃࡛ᑕࡀᧁἼ⾪ࡿࡍ⏕Ⓨ
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Upper Surface Blowingࢆ⏝ࡓࡋ VS-TOLᶵࡢᥦࡢࡑ✵ຊ≉ᛶ 

Proposal of VS-TOL Aircraft Concept using USB and its Aerodynamic Characteristics 
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1. ◊✲目ⓗ 

ᑗ᮶ࢫ࣮࣮࣑ࣘࣜࣇࡢ V/S-TOL ᶵࡢ㛤Ⓨࢆ┠ᣦࡿ࠸࡚ࡋ㸬ࢹࢱࢫࢸࣜࣅࢪࣇࡢࡑ

࡚ࡋ USB ᶵ⬟ࢆ᭷ࡿࡍ V/S-TOL ᶵࡢ⩼(NACA0015)࡚࠸ࡘ㸪CFD ゎᯒ㢼Ὕヨ㦂࡛

 㸬ࡿࡍホ౯ࢆຊ≉ᛶ✵ࡢࡑ
 
2. ◊✲ᡂᯝࡢෆᐜ 
2.1 CFDࡿࡼᡂᯝ 

ィ⟬ࣔࡣࣝࢹ㸪ᐃᖖ㣕⾜ཬࡧᆶ┤㞳╔㝣ࡢ 2 ࣇ㸪࡛ࣝࢹ༙ࣔࢀࡒࢀࡑ㸬ࡿ࠶࡛࣮ࣥࢱࣃ

VTOLࡧUSB᥎ຊཬࡣࢀࡇ .ࡓࡋ⨨タࡘ2⩼∦ࢆDiscࡿࡍᢞධࢆయ✚ຊ࡚ࡋ⏝௦ࡢࣥ
⨨࡚ࡋసືࡿࡍ㸬ᐃᖖ㣕⾜ࡢ Disc ࡣ㸪ᆶ┤㞳╔㝣ࡋ┤ᆶ࡚ࡋᑐ⥺᥋ࡢ㠃ୖ⩼ࡣ

Disc ୗ➃ࢆᨭⅬ࡚ࡋᚋ᪉ 90° ᅇ㌿ࡓࡏࡉ㸬ィ⟬᮲௳ࢆ⾲ 1  㸬ࡍ♧
࣭STOL 
ᐃᖖ㣕⾜ࡢᥭᢠẚࢆᅗ 1 㸬Discࡍ♧ ⨨ࡀ๓⦕ࡽ 0.1C(C:Chord)࡛ CD᭱ᑠࡓࡿ࡞

L/Dࡵ USBࡣ㸬CLࡿ࡞᭱ࡣ ຠᯝࡋୖྥࡾࡼ㸪ࡓࡲDisc  㸬ࡿࡍቑຍ࠸కື⛣ᚋ᪉ࡢ
 ࣭VTOL 

㏿ᗘࢆࣝࢺࢡ࣋ᅗ 2 ࡉ㧗ࡢࡽ㸬ᆅ㠃ࡍ♧ 0.5C ᕥྑࡣᄇὶࡓࡋ✺⾪㸪ᆅ㠃࡚࠸࠾

ศࢀ㸪୰ኸ㒊ࣥࣇ㛫୍࡛ᑐࡀ ࡢᙧᡂࡿࢀࡉ㸬ࡾࡼ㇟⌧ࡢࡇ⩼ୗ㠃ࡢᅽຊࡀῶᑡࡋ㸪

ᥭຊࡀపୗࡓࡗࢃࡀࡇࡿࡍ㸬 
 
 

 

ㄢ㢟␒  ྕ  J18L074 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 

ὶࣔࢹ  ࣝ k-ǚ 66T 

ࢬࣝࣀࣞ   ᩘ 5. 65×105 

㏄ゅ 5 [º ] (STOL) 

0 [º ] (VTOL) 

Disc ཌ1 ࡉ [mm] 

ᢞධⲴ㔜 6. 9 [N] 

 Disc ྲྀ⨨

㸦x/c㸧 

5㹼50 [%] (STOL) 

10 [%] (VTOL) 

ᆅ㠃ࡢࡽ㊥㞳 0.5C, 1.0C, 2.0C, 4.0C 
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ᅗ 1 ᥭᢠẚ 

⾲ 1 ィ⟬᮲௳ 

ᅗ 2 ㏿ᗘ0.5 :ୖ ࣝࢺࢡ࣋C ୗ: 2.0C 
 

0       Velocity [m/s]       75 

－ 255 －



 

2.2 㢼Ὕヨ㦂ࡿࡼᡂᯝ 

ప㏿㢼Ὕ࡚࠸⏝ࢆ㸪STOL ᙧែࡢ⩼ᶍᆺ

㸸ࡉ㸬Re =9.87×104(௦⾲㛗ࡓࡋ ィࢆẼຊ✵ࡿ

⩼ᘻ㛗)ࡋ㸪㏄ゅ ǂ㸻－6º㹼10º 㸦2º 㸧࡛ィࡳ้

ࡣ㏿㸬ὶࡓࡗ⾜ࢆ  5m/s  㸬ࡿ࠶࡛
࣭㢼Ὕヨ㦂ᶍᆺࡢタィ〇స 

STOL ᐇ㦂ᶵࠕ㣕㫽ࠖࡢ⩼ࢫ࣮࣋ࢆࢱ࣮ࢹ

㢼Ὕヨ㦂ᶍᆺࢆタィ㸪〇సࡓࡋ㸬USB ⨨㸦ࣇ

ࣥ㸧ᦚ㍕⨨ࡣCFD ⤖ᯝࢆᇶ๓⦕ࡽ 0.1C 

㸬ᅗࡓࡋ 3  㸬ࡍ♧ࢆ㢼Ὕヨ㦂ᶍᆺ
࣭STOL 

CLࡣ㏄ゅࡀቑຍࡿࡍ⥺ᙧⓗࡋ᪼ୖ㸪ࣇ

ࣥON ࡛USB ຠᯝࡾࡼቑຍࡿࡍ㸦ᅗ 4㸧㸬ࡇ

ࡁࡢ ǂ = 4º ࡛Δ&L= 0. 11  㸬ࡿ࡞᪼ୖࡢ
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Development of Hydrogen Production Process by MHD Mixing 
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1. ◊✲目ⓗ 

Ỉ⣲࣮ࢠࣝࢿ࢚♫ࡢᙧᡂࡓࡅྥᶵ㐠ࡀ㧗ࡿࡲ୰㸪⏕ྍ⬟ᛶࡓ࠸⏝ࢆ࣮ࢠࣝࢿ࢚Ỉ⣲

⏕ᡂࡢࢫࢭࣟࣉ㧗ᗘࡀᮇᚅࡿ࠸࡚ࢀࡉ㸬࡛ࡇࡑᮏ◊✲࡛ࡣ㸪㟁ẼᏛศ㔝࡛ὀ┠࠸࡚ࢀࡉ

ࡿࡅ࠾ࢫࢭࣟࣉỈ㟁ゎࡿ MHD ᨩᢾຠᯝࢆ㟁☢ὶయຊᏛࡢほⅬ್ᩘࡽゎᯒⓗ᫂ࡽ

ศ㔝ᶓ᩿ᆺࡢ㟁ẼᏛ㸪㟁☢ὶయຊᏛࡶࡍᣦ┠ࢆ㧗ᗘࡢࢫࢭࣟࣉ㸪Ỉ⣲⏕ᡂࡋ

᪂Ꮫ⾡㡿ᇦࡢ㛤ᣅࢆ┠ᣦࡍ㸬 
 
2. ◊✲ᡂᯝࡢෆᐜ 

Ỉ㟁ゎࡿࡅ࠾ࢫࢭࣟࣉ MHD
ᨩᢾຠᯝࢆ㟁☢ὶయຊᏛࡢほⅬ

ࡵࡓࡿࡍࡽ᫂ゎᯒⓗ್ᩘࡽ

㸪 MHD ຠᯝ㟁Ẽ㔜ᒙ

㸦Gouy-Chapman model㸧ࢆ⪃៖

㸪ࡓࡲ㸬ࡓࡋᵓ⠏ࢆΰ┦ὶ᪉⛬ᘧࡓࡋ

ึᮇゎᯒ࡚ࡋ㸪㟁ゎ⁐ᾮෆ㒊㸦㟁

ゎ⁐ᾮࡣ㟼Ṇ⣔࡚ࡋ௬ᐃ㸧」ᩘ

ࡿ࡞␗ࡢ⋠ㄏ㟁ࡓࡋᐃࢆẼἻࡢ

๛య⌫ࡀᏑᅾࡿࡍ⣔㸦ᅗ㸯ཧ↷㸧ࡢ

ゎᯒࡓࡗ⾜ࢆ㸬᪉⛬ᘧ⣔ࡣ㸪

Gouy-Chapman model ὶ⛣ࣥ࢜᪉⛬ᘧ㸪࢙ࣝ࢘ࢫࢡ࣐᪉⛬ᘧ㸪ࣝࣕࢩࣥࢸ࣏ࡓࡋ៖⪄ࢆ

᪉⛬ᘧ࡛ࡾ࠶㸪ࢆࡽࢀࡇ㐃ᡂゎᯒ࡛ࡇࡿࡍ㟼ⓗ㐣⛬ࡿࡅ࠾MHD ຠᯝࢆㄪᰝࡓࡋ㸬ᅗ㸯

㸪༙㡿ᇦࡢ㸪40 × 40 µm2ࡋ㇟㍈ᑐࡣ㸬ゎᯒ㡿ᇦࡍ♧ࢆゎᯒ㡿ᇦ ᚄ 4 µm ẼἻ㸦๛ࡢ

య㸧ࡀ㸰ࡘᏑᅾࡓࡋࡢࡶࡿࡍ㸬ẼἻࡢ୰ᚰ㛫㊥㞳ࢆ㸪10㸪16㸪24 µm ࡲ㸬ࡓࡏࡉኚ

㸪150 × 150ࡣᩘࣗࢩࢵ㸪࣓ࡓ  㸬ࡿ࠶࡛
ᅗ㸰㟁ゎ⁐ᾮస⏝ࢶ࣮ࣥࣞࣟࡿࡍຊศᕸࡢゎᯒ⤖ᯝࡍ♧ࢆ㸬㟁ẼὋືࣥ࢜ࢳ࢝ࡾࡼ

ࡾࡼᕪࡢ⋠ㄏ㟁ࡢẼἻ㸪㟁ゎ⁐ᾮࡓࡲ㸬ࡿ࡞ࡃࡁ㸪㟁ᴟ㏆ഐ࡛ࡣᗘ⃰ࡢࣥ࢜ࢽ

ẼἻ⾲㠃㏆࡛㟁Ẽࡀࣝࣕࢩࣥࢸ࣏㧗ࡿ࡞ࡃ㸬ࡢࡽࢀࡇ✵㛫ⓗ㠀ᖹ⾮ࣝࣕࢩࣥࢸ࣏࡞ศᕸ㸪

㸪࡛ࣟࡇࡿ࡞ࡃ㧗ࡀࣝࣕࢩࣥࢸ࣏ࡢẼἻ⏺㠃ࡢ㟁ᴟഃ≉ 㞳ࡽ㟁ᴟࢆẼἻࡣຊࢶ࣮ࣥࣞ

ࡢࡇ㸪࠸▷ࡀ㊥㞳ࡢ㟁ᴟ㛫㸪ẼἻ≉㸬ࡓࡗ࡞ࡽ᫂ࡀࡇࡿࡍ⏝స᪉ྥࡿࡍ⬺

ẼἻ㞳⬺ຠᯝࡣࡿ࡞ࡃࡁ㸬௨ୖࡢ⤖ᯝࡽ㸪㟼ⓗ㐣⛬ࡢỈ㟁ゎࡿࡅ࠾MHD ຠᯝࢆ᫂ࡽ

 㸬ࡓࡋ

ㄢ㢟␒  ྕ J18L076 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 

ᅗ㸯㸸ゎᯒ㡿ᇦ 
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(a)                          (b)                          (c) 

ᅗ㸰㸸㟁ゎ⁐ᾮస⏝ࢶ࣮ࣥࣞࣟࡿࡍຊศᕸ㸦ẼἻ୰ᚰ㛫㊥㞳㸸(a) 10 µm㸪(a) 16 µm㸪(a) 24 µm㸧 
 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

㸯ᖺ┠࡚࠸࠾㸪Ỉ㟁ゎࡿࡅ࠾ࢫࢭࣟࣉ MHD ᨩᢾຠᯝࡢ⌮ㄽయ⣔ࢆㄪᰝࡋ㸪MHD ຠ

ᯝ㟁Ẽ㔜ᒙ㸦Gouy-Chapman model㸧ࢆ⪃៖ࡓࡋΰ┦ὶ᪉⛬ᘧ⣔ࢆᵓ⠏ࡓࡋ㸬ࡓࡲ㸪

㟼Ṇ⣔ࡿࡅ࠾ΰ┦ὶ࡛ࡢ㟁Ẽࣝࣕࢩࣥࢸ࣏ศᕸࢆィ⟬ࡋᚓࢆࢻ࣮ࢥࡿ㛤Ⓨࡓࡋ㸬㸰ᖺ┠࡛

Ⓨᒎΰ┦ὶ⣔ࢆὶ᪉⛬ᘧ⛣ࡢࣥ࢜㸪ࡏࡉⓎᒎࡽࡉࢆࢻ࣮ࢥゎᯒࡓࡋ㛤Ⓨ┠㸪㸯ᖺࡣ

MHDࡢỈ㟁ゎ࡛ࡿࡅ࠾⛬㸪㟼ⓗ㐣ࡏࡉ ຠᯝࢆ᫂ࡓࡋࡽ㸬௨ୖࡾࡼ㸪㸰ᖺ┠ࡢ◊✲ィ

 㸬ࡓࡋ㐩ᡂ༑ศࢆ⏬
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ᚋࡣ㛤Ⓨࡓࡋゎᯒࡽࡉࢆࢻ࣮ࢥⓎᒎࡏࡉ㸪ࡢࣥ࢜ᣑᩓ᪉⛬ᘧࢶ࣮ࣥࣞࣟຊࢆ⪃៖

MHDࡿࡅ࠾ࢫࢭࣟࣉ㸪Ỉ㟁ゎ࡛ࡇࡿࡍ㐃ᡂゎᯒࢆ᪉⛬ᘧࢫࢡ࣮ࢺࢫ࣭࢚ࣅࢼࡓࡋ ᨩᢾ

ຠᯝࢆ㟁☢ὶయຊᏛࡢほⅬ್ᩘࡽゎᯒⓗ᫂ࡿࡍࡽ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] H. Mi, Y. Iwamoto, Y. Ido and H. Takana: Distribution of Electric Potential Around a 
Spherical Bubble Considering Electric Double Layer, Proceedings of the Fifteenth 
International Conference on Flow Dynamics, Sendai, (2018), OS18-83, pp. 1020-1021. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞
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(a)                          (b)                          (c) 

ᅗ㸰㸸㟁ゎ⁐ᾮస⏝ࢶ࣮ࣥࣞࣟࡿࡍຊศᕸ㸦ẼἻ୰ᚰ㛫㊥㞳㸸(a) 10 µm㸪(a) 16 µm㸪(a) 24 µm㸧 
 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

㸯ᖺ┠࡚࠸࠾㸪Ỉ㟁ゎࡿࡅ࠾ࢫࢭࣟࣉ MHD ᨩᢾຠᯝࡢ⌮ㄽయ⣔ࢆㄪᰝࡋ㸪MHD ຠ

ᯝ㟁Ẽ㔜ᒙ㸦Gouy-Chapman model㸧ࢆ⪃៖ࡓࡋΰ┦ὶ᪉⛬ᘧ⣔ࢆᵓ⠏ࡓࡋ㸬ࡓࡲ㸪

㟼Ṇ⣔ࡿࡅ࠾ΰ┦ὶ࡛ࡢ㟁Ẽࣝࣕࢩࣥࢸ࣏ศᕸࢆィ⟬ࡋᚓࢆࢻ࣮ࢥࡿ㛤Ⓨࡓࡋ㸬㸰ᖺ┠࡛

Ⓨᒎΰ┦ὶ⣔ࢆὶ᪉⛬ᘧ⛣ࡢࣥ࢜㸪ࡏࡉⓎᒎࡽࡉࢆࢻ࣮ࢥゎᯒࡓࡋ㛤Ⓨ┠㸪㸯ᖺࡣ

MHDࡢỈ㟁ゎ࡛ࡿࡅ࠾⛬㸪㟼ⓗ㐣ࡏࡉ ຠᯝࢆ᫂ࡓࡋࡽ㸬௨ୖࡾࡼ㸪㸰ᖺ┠ࡢ◊✲ィ

 㸬ࡓࡋ㐩ᡂ༑ศࢆ⏬
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ᚋࡣ㛤Ⓨࡓࡋゎᯒࡽࡉࢆࢻ࣮ࢥⓎᒎࡏࡉ㸪ࡢࣥ࢜ᣑᩓ᪉⛬ᘧࢶ࣮ࣥࣞࣟຊࢆ⪃៖

MHDࡿࡅ࠾ࢫࢭࣟࣉ㸪Ỉ㟁ゎ࡛ࡇࡿࡍ㐃ᡂゎᯒࢆ᪉⛬ᘧࢫࢡ࣮ࢺࢫ࣭࢚ࣅࢼࡓࡋ ᨩᢾ

ຠᯝࢆ㟁☢ὶయຊᏛࡢほⅬ್ᩘࡽゎᯒⓗ᫂ࡿࡍࡽ㸬 
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] H. Mi, Y. Iwamoto, Y. Ido and H. Takana: Distribution of Electric Potential Around a 
Spherical Bubble Considering Electric Double Layer, Proceedings of the Fifteenth 
International Conference on Flow Dynamics, Sendai, (2018), OS18-83, pp. 1020-1021. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

 

 
 

 

 

 

 

 

㣕⩧య࿘ࡢࡾ㠀ᐃᖖὶࢀሙᑐࡿࡍᐦᗘィ  

The Quantitative Density Measurement of Unsteady Flow around a Projectile 

  

ኴ⏣ ๎*†㸪Ọ ᶞ**†† 
ᰩཎ *㸪✄ẟ 㐩ᮁ***㸪㇂ Ύఙ** 

*༓ⴥᏛᏛ㝔㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 
***•༡ᕤ⛉ᏛᕤᏛ㒊 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 

 

1. ◊✲目ⓗ 

ᐇ㦂ࣔࢆࣝࢹ⮬⏤㣕⾜ࡿࡁ࡛ࡀࡇࡿࡏࡉᙎ㐨㣕⾜⨨㸦ࢪࣥࣞࢡࢵࢸࢫࣜࣂ㸧࡛ࢫࡣ

࡞ຊヨ㦂✵ࡸ㸪⾪✺ヨ㦂ࡁ࡛ࡀࡇ࠺⾜ࢆᐇ㦂ࡓࡋ㝖ࢆᙳ㡪ࡢᨭᣢ㒊ࡢ࡞ࢢࣥࢸ

ᵝ࡞ࠎ┠ⓗ࡛⏝ࡿ࠸࡚ࢀࡉ㸬⮬⏤㣕⾜ヨ㦂࡛࣮ࣥࣞࣜࣗࢩ࡛ࡲࢀࡇࡣἲྍࡿࡼどィ

Ṥࡣ ᐦᗘィ࡞㸱ḟඖⓗࡢࡾࢃࡲ㸪㣕⩧యࡀࡿ࠸࡚ࢀࢃ⾜ࡀ࡞ ィࡿࡼࢧࣥࢭᅽຊࡸ 

㸪ࡵࡓ࠸࡞ࡀᚲせࡿࡍᨭᣢࢆᶍᆺ࠺ࡼࡢ㢼Ὕ࡞ⓗ⯡୍ࡣ࡛⨨㸬ᙎ㐨㣕⾜࠸࡞ࡀሗ࿌

㣕⩧యࡢᚋὶ㡿ᇦࢆ㇟⌧ࡿࡅ࠾ィ ࡿ࠶࡛⬟ྍࡶࡇࡿࡍ㸬࡛ࡇࡑᮏ◊✲࡛ࡣ⫼ᬒタ⨨ᆺ

ࡲ㣕⩧యࡴྵࢆ㸪ᚋὶ㡿ᇦ࡚ࡋ⏝ࢆ㸦Background Oriented Schlieren㸧ἲ࣮ࣥࣞࣜࣗࢩ

 㸬ࡓࡳヨࢆィ ᐇ㦂࡚ࡋⓗ┠ࢆࡇࡿࡍ ィ㸱ḟඖⓗࢆ㠀ᐃᖖᐦᗘሙࡢࡾࢃ
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᮏᐇ㦂࡛ࡣᅗ㸯࠺ࡼࡍ♧㸪12 㸦Canon EOS Kiss Digital X3㸪᭷࣓ࣛ࢝ࣝࢱࢪࢹࡢྎ

ຠ⏬⣲ᩘ 4752 × 3168 pixels㸧ࢆヨ㦂㒊ෆタ⨨ࡓࡋ㸬ᙳࡣࢬࣥࣞࡢࡵࡓࡢ㏻ᖖࡢᮃ㐲ࢬ

㟷᪉ྥ⦪ࡣ㸬⫼ᬒ⏬ീࡓࡋ⏝ࢆ㸦SIGMA 70-300mm F4-5.6 DG MACRO㸧ࢬ࣒࣮ࣥࣞ

Ⰽ㸪ᶓ᪉ྥ㉥Ⰽࡢ᱁Ꮚࢆ㓄ࡋ࣮ࣥࢱࣃࢻࢵࣜࢢࡓࡋ㸪⫼ᬒ⏬ീࡢᚋ᪉ࡽ㣕⩧యࡢ㏻㐣

ⓑⰍ࡚ࡏࢃྜࢆࢢ࣑ࣥࢱ LED  ࡇࡿࡍᚓྲྀ࡛ࡲࢀࡇ㸪㸬ᅗ㸰ࡿࢀࡉᑕ↷࡚ࡗࡼ
  

     
ᅗ 1㸸ከ᪉ྥྠᙳ⣔ࡢᴫせ      ᅗ㸰㸸㠀ᐃᖖᐦᗘሙࡢ㸱ḟඖᵓᡂ⤖ᯝࡢ 

ㄢ㢟␒  ྕ J18L077 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 
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ᚄ┤ࡣ㸬㣕⩧యࡍ♧ࢆ୍ࡢ㸱ḟඖᵓᡂ⤖ᯝࡓࡁ࡛ࡀ 15mm ᩘࣁࢵ࣐⾜㸪㣕ࡾ࠶࡛⌫ࡢ

⣙ࡣ 1.5 㸬ᖺࡿ࠸࡚ࡋ♧ࢆ≦㸱ḟඖⓗᙧࡢᚋὶ㡿ᇦ࡚ࡗࡼ♧⾲ᐦᗘ㠃➼ࡣ㸬ྠᅗࡿ࠶࡛

ᗘࡣィ ⢭ᗘࡢ᭦ࢆୖྥࡿ࡞┠ⓗ࡚ࡋ㸪LED ග※ࡢᨵⰋ㸪ᙳࡢࡵࡓࡢ᪂࢞ࣜࢺ࡞ࡓ

 㸬ࡓࡗ࡞ࡽ⮳ࡣ࡛ࡲࡿࡍᚓྲྀࢆࢱ࣮ࢹ ィ࡞㸪༑ศࡀࡓࡗ⾜ࢆᵓ⠏ࡢ࣒ࢸࢫࢩ
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲࡛ࡣ㸪ᚑ᮶࣮ࣥࣞࣜࣗࢩࡢἲࡿࡼᐃᛶⓗ࡞ィ ࡽ BOS ἲࢆ⏝ࡓࡋᐃ㔞ⓗ࡞

ᐦᗘィ Ⓨᒎࡇࡿࡏࡉ㸪㠀ᐃᖖὶࢀሙࡢ㸱ḟඖᐦᗘሙྲྀࡢᚓࢆᐇ⌧ࡋ㸪㣕⩧యࡢࡾࢃࡲ

ᐦᗘሙࢆ㸱ḟඖⓗᤊࢆࡇࡿ࠼┠ᶆࡳ⤌ࡾྲྀ࡚ࡋ㸪๓⠇ࡢᅗ㸰ࡍ♧㏻ࡾ㸪ࢆࢀࡇ㐩ᡂ

 㸬ࡿ࠸࡚ࡁ࡛ࡀࡇࡿࡍ
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᮏ◊✲ࡾࡼ㸪㣕⩧యࡢࡾࢃࡲ㠀ᐃᖖὶࢀሙᑐࡿࡍ㸱ḟඖᐦᗘィ ࡢࡵࡓࡢィ ࢸࢫࢩ

㸬ࡿ࠸࡚ࢀࡽ㝈ࡀᩘࢱ࣮ࢹᐇ㦂ࡓࢀࡽᚓ࡛ࡲࢀࡇ㸬ࡓࡁ࡛ࡀࡇࡿࡍ⌧ᐇࡣࡎࡲࢆᵓ⠏ࡢ࣒

㸪ࡃ⊂ࡀᙳྍ⬟㡿ᇦࡢ㸪ᮏィ ⣔ࡇࡿࡍせࢆ㛫ㄪᩚ⨨タࡢ࣒ࢸࢫࢩ 㸪ィࡣࢀࡇ

ᐇ㦂ẖࡿࡌ⏕㸪㣕⩧యࡢ㏿ᗘࡧࡼ࠾ᙎ㐨ࡢࢀࡎ࡞ࡎࢃࡢᙳ㡪ࡀࡃࡁ㸪ᐇ㦂ᡂຌ⋡ࡀప

ࢫࢩ࢞ࣜࢺ㸪ࢬࢧᙧ≧㸪ࡢᐇ㦂ᶍᆺࡣ㸪ᚋࡵࡓࡢࡇ㸬ࡿࡼࡇࡿ࠸࡚ࡗࡲࡋ࡚ࡗ࡞ࡃ

 㸬ࡍᣦ┠ࢆ⌧ᐇࡢ ᐃ㔞ᐦᗘィࡢ࡛⋠㸪㧗ຠࡘ㧗⢭ᗘࡾࡼ㸪࡚ࡵ㐍ࢆ࡞ᨵⰋࡢ࣒ࢸ
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

[1] M. Ota, K. Kurihara, K. Ishikawa, Y. Ishimoto, T. Nagashima, T. Inage, T. Ukai, K. Ohtani, 
H. Nagai: Three-Dimensional Density Measurement in the Ballistic Range, Proceedings 
of the Eighteenth International Symposium on Flow Visualization, Zurich, (2018), No. 
196, pp. 1-6. 

*[2] K. Kurihara, K. Ishikawa, Y. Ishimoto, T. Nagashima, M. Ota, T. Inage, H. Kiritani, K. 
Fujita, K. Ohtani, H. Nagai: Quantitative Density Measurement of Unsteady Flow Field 
around the Projectile, Proceedings of the 18th International Symposium on Advanced 
Fluid Information, Sendai, (2018), CRF-72, pp. 150-151. 

*[3] ኴ⏣๎㸪ᘅ℩⿱㸪▼ᕝᶞ㸪▼ᮏ⚈அ㸪Ọᓥᣅᕫ㸪▮స♸㍜㸪⸨⏣୍㍤㸪✄ẟ㐩ᮁ㸪᱒

㇂ⱥᶞ㸪⸨⏣ᚿ㸪㇂Ύఙ㸪Ọᶞ㸸ᙎ㐨㣕⾜⨨ࡿࡅ࠾㸱ḟඖᐦᗘィ 㸪ᖹᡂ 30 ᖺ

ᗘ⯟✵Ᏹᐂ✵ຊ࣒࢘ࢪ࣏ࣥࢩ㸪ᒣཱྀ┴㸪(2019)㸪No. 2L7, pp. 1-2. 
 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

㸦≉チ㸧  ࡋ࡞ 
㸦ཷ㈹㸧  ࡋ࡞ 
㸦࣑ࢥࢫ࣐Ⓨ⾲㸧  ࡋ࡞ 

－ 260 －



ᚄ┤ࡣ㸬㣕⩧యࡍ♧ࢆ୍ࡢ㸱ḟඖᵓᡂ⤖ᯝࡓࡁ࡛ࡀ 15mm ᩘࣁࢵ࣐⾜㸪㣕ࡾ࠶࡛⌫ࡢ

⣙ࡣ 1.5 㸬ᖺࡿ࠸࡚ࡋ♧ࢆ≦㸱ḟඖⓗᙧࡢᚋὶ㡿ᇦ࡚ࡗࡼ♧⾲ᐦᗘ㠃➼ࡣ㸬ྠᅗࡿ࠶࡛

ᗘࡣィ ⢭ᗘࡢ᭦ࢆୖྥࡿ࡞┠ⓗ࡚ࡋ㸪LED ග※ࡢᨵⰋ㸪ᙳࡢࡵࡓࡢ᪂࢞ࣜࢺ࡞ࡓ

 㸬ࡓࡗ࡞ࡽ⮳ࡣ࡛ࡲࡿࡍᚓྲྀࢆࢱ࣮ࢹ ィ࡞㸪༑ศࡀࡓࡗ⾜ࢆᵓ⠏ࡢ࣒ࢸࢫࢩ
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Mathematical Modelling of Nanoparticles Production in Thermal Plasmas 
 

Pierre Proulx*† 
Hidemasa Takana** †† 

*Université de Sherbrooke, Canada 
**Institute of Fluid Science, Tohoku University 

†Applicant, ††IFS responsible member 
 
1. Purpose of the project 

The objective is be to compare different moments methods (QMOM, EQMOM, and 
others) that enable to condense nanoparticles in the tail of a plasma and further 
include the circulation of these nanoparticles including possible evaporation of some 
nanoparticles when they recirculate in the flow separations, a problem which was 
not solved in our previous models. 

 
2. Details of program implement  

The result of the collaborative work has been presented at the ICFD 2018, Sendai by 
Maxim van Cappellen and here von Karman Institute supervisor Silvania Lopes in 
collaboration with the Takana and Proulx. Among the difficulties that are frequent 
in the modelling of nanoparticle nucleation and growth in a thermal plasma reactor 
is that the presence of recirculations in the flow fields entrains nanoparticles from 
colder regions where they grow through surface growth to hotter regions where the 
clusters may experience evaporation. Such a situation frequently leads to 
instabilities due to non-physical moments distributions. The model proposed in this 
work used a technique where the order of the moments was selectively chosen in 
order to satisfy a physical moments distribution. One of the important results of the 
collaborative work is shown in the following figure. 
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Figure 1 : Comparison of the nanoparticle production in a thermal inductively coupled 

plasma using the novel method for taking into account condensation during the 
recirculation of the flow. 

 
3. Achievements 

A novel method for controlling the numerical convergence of the model for predicting 
the nanoparticles size and morphology in a thermal plasma has been proposed and 
implemented and shows very stable numerical properties. 

 
4. Summaries and future plans 

The applicant’s group presented a second talk at ICFD-2018 in Sendai than could 
result in further collaborations between the applicant and professor Takana. The 
contribution of the applicant’s group in the use of open-source CFD developments, in 
particular for multiphase flows and Population Balance Modelling is clearly of 
interest for both groups since Takana’s group at the IFS has a very strong 
background in the development of technologies where multiphase flows are involved 
and are not limited to the application of thermal plasmas or nanoparticles. The use 
of OpenFOAM for fluid dynamics and OpenQBMM for Population Balance 
Modelling has been discussed thoroughly during the period of the collaboration. 

 

5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc.  

*[1] Van Cappellen M., Proulx P., Lopes S., Takana H. : Modeling Nanoparticle 
Synthesis in an ICP Reactor Using QMOM, Proceedings of the Eighteenth 
International Symposium on Advanced Fluid Information (AFI-2018), Sendai, 
Japan, (2018), CRF-84, pp. 174-175. 

[2] St-Pierre-Lemieux G., Askari E., Groleau D., Proulx P. : Modeling of 
Non-Newtonian Flow in Inverted Cone Foam Breaker, Proceedings of the 15th 
International Conference on Fluid Dynamics (ICFD2018), Sendai, Japan, (2018), 
OS5-2, pp. 486-487. 

3) Patent, award, press release etc. 

Not applicable. 
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1. Purpose of the project 

The progress on the application of the coupling between hybrid RANS/LES method and 
stochastic modeling to aeroacoustics calculations is reported here. Within this approach, 
the low frequency content of the acoustic source is predicted via hybrid RANS/LES 
approach, while the high frequency content, representing contributions from unresolved 
flow scales, will be modeled using stochastic modeling. The research was focused on two 
sets of simulations: the sound generation by a cylinder at low Reynolds number, and the 
prediction of noise from an axisymmetric jet. The numerical results from the former test 
case were compared to results obtained from direct numerical simulations at different 
Reynolds numbers. 
2. Details of program implement  

The acoustic signature of a cylinder in flow at different Reynolds numbers have ben 
studied extensively using a number of hybrid RANS/LES methods and DNS. As an 
example, the sound directivity plot in figure 1 shows that the pressure fluctuations peak 
in the wake at θ = 0. The fluctuations are lowest upstream of the cylinder. Least-Square 
scheme seems to be the least effective in capturing the correct sound directivity among 
different models, especially when applied in the framework of MILES, HRL and DHRL 
that show a considerable under-prediction. The results obtained using the OGRE 
scheme are much closer to the DNS data. The MILES solution matches the DNS solution 
very well. The HRL model underestimates, while SST and DHRL overestimate the 
sound directivity. Note that numerical scheme has limited impact on the propagation of 
sound pressure predicted by SST model. 
Progress on the validation of the linearized Euler equation solver was also achieved; 

 
Figure 1: 'irectivit\ of sound pressure at r ��' for Δ15 = ࢡ° obtained using different 

turbulence models. 
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this solver will be used to predict the radiation of sound generated by a jet to the farfield. 
The case of a co-rotating vortex system was investigated numerically by Bogey et al. [1] 
with the same LEE formulation and source terms as our current implementation, 
allowing a better comparison. Figure 2a shows the setup of the initial velocity 
distribution; conceptually, the co-rotating case produces a quadrupole sound 
distribution. Figures 2b and 2c show the dilatation field from Bogey et al. [1], with 
levels from -15 to +15 and preliminary results obtained from the current LEE 
formulation. 

 
a)   b)   c) 

Figure 2: a) 2D Co-Rotating Vortex Setup; b) Dilatation Contours from Bogey et al. [1]; 
c) Dilatation Contours from our LEE solver. 

[1] C. Bogey, C. Bailly, and D. Juve, “Computation of Flow Noise Using Source Terms in 
Linearized Euler’s Equations,” AIAA, vol. 40, 2002, pp. 235-243. 
3. Achievements 

In the third year, some momentum has been achieved in both research topics. Two 
conference papers have been presented at international conferences, and one abstract 
was presented at the most popular fluid dynamics meeting. One journal article was 
submitted, and there is currently effort on preparing the second article. 
4. Summaries and future plans 

As part as this project, one PhD student, residing at Mississippi State University, and 
one postdoc, residing at the Institute of Fluid Sciences, were involved in the research. 
The PhD student is currently working on his dissertation, with the topic being one of 
the research topics that were undertaken under this project. The PhD student will 
publish his work in two journal articles. 
5. Research results (* reprint included)  
1) Journal (included international conference with peer review and tutorial paper) 
*[1] X. Wang, S. Bhushan, B. Manshoor, E. Luke, A. Sescu, Y. Hattori, D. Thompson, K. 

Walters: Dynamic Hybrid RANS/LES Assessment of Sound Generation and 
Propagation from Flow of a Circular Cylinder, 2018 AIAA/CEAS Aeroacoustic 
Conference, (2018), AIAA Paper 2018-3592. 

[2] X. Wang, S. Bhushan, B. Manshoor, E. Luke, A. Sescu, Y. Hattori, D. Thompson: 
Dynamic Hybrid RANS/LES Simulation of the Flow and Acoustic Fields of a 
Circular Cylinder, AIAA Journal, (2018), submitted. 

2) International and domestic conferences, meeting, oral presentation etc.  
[3] J. Blake, A. Sescu, D. Thompson, Y. Hattori: Enhancing Jet Turbulence and 

Acoustics via a Coupled LES - Stochastic Model, Proceedings of the 15th 
International Conference on Flow Dynamics, Sendai, (2018), OS14-4, pp. 780-781. 

*[4] X. Wang, S. Bhushan, E. Luke, D. Thompson, A. Sescu, Y. Hattori: Aeroacoustics of 
Low Reynolds Number Flows Via Dynamic Hybrid RANS/LES and DNS, Proc. of 
the 18th Int. Symp. on Advanced Fluid Information, (2018), CRF-87, pp. 180-181. 

[5] J. Blake, A. Sescu, A., D. Thompson, and Y. Hattori: Continued Development of a 
Coupled LES-Stochastic Approach to Jet Noise Prediction, 71st Annual Meeting of 
the APS Division of Fluid Dynamics, Atlanta, GA, (2018). 

3) Patent, award, press release etc.  Not applicable. 
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Akinori Fukushima*†, Takashi Tokumasu**†† 
*Faculty of Engineering, University of Fukui 
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1. Purpose of the project 

The phenomenon of momentum and energy transfer between two different kinds of 
material is an important issue for both theoretical and applied fields. The transfer of 
momentum and heat between liquids and solids is a particular focus in a variety of fields 
of study. Moreover, as a result of developments in microfabrication, nano-scale 
mechanical devices can be realized, and the transfer of heat and momentum between 
liquids and solids on the nano-scale can therefore be studied. Among the various 
phenomena, we focused on liquid bridge shearing by solid walls. The dynamics of a liquid 
bridge is more complex than that of filled liquid, which has no liquid-vapor interface. In 
this study, we focus on effects of liquid-vapor interface onto the momentum and heat 
transport phenomena seen in the interface region. In the last year, we focus on the 
droplet shearing along the parallel direction of the interface and improve the channel 
size dependence of the shear stress on the wall. In this year, we focus on the argon droplet 
shearing phenomena by the solid walls as shown in next section and evaluate the shape 
of the interface. 
 
2. Details of program implement 

 
Figure 1: Simulation condition and its schematic image 

 
In this study, we evaluate the dynamics of the liquid-vapor interface by micro scale 

and macro scale methods. The first one is molecular dynamics (MD) simulation and the 
later one is the simulator based on the Navier-Stokes (NS) equation and Cahn-Hilliard 
(CH) equation. Comparing results obtained by two methods, we will clarify whether the 
macroscopic scale method can be applied to the micro scale situations or not. The 
simulation procedure is shown as follows. At the first step, by changing the channel size, 
we make the droplet sheared condition and evaluate the shape of the interface by the 
function, Q, defined as follows, 

 
𝑄𝑄𝑄𝑄(𝑧𝑧𝑧𝑧) = cos𝜃𝜃𝜃𝜃𝑅𝑅𝑅𝑅(𝑧𝑧𝑧𝑧) − cos𝜃𝜃𝜃𝜃𝐴𝐴𝐴𝐴(𝑧𝑧𝑧𝑧) 

 
Where z is the coordinate along the perpendicular direction of the solid wall, ǉR and ǉA 
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are the advancing and receding angles defined in figure 1. The channel size is changed 
in 6 patterns, 5, 6, 7, 8, 9, and 10 nm. The liquid droplet is constructed by argon atoms. 
At the next step, parameters for NS and CH equations are set by adjusting the shape of 
the interface in the case that the channel size is in 10 nm. Using these parameters, the 
channel size dependence of the function, Q, by NS and CH equations is clarified. 
 
3. Achievements 

  (a)                          (b)                       (c) 

Figure 2: Simulation results of the shape of the interface. (a)NS and CH equations 
(b) MD simulation (c)Channel size dependence of the characteristic value, Qc. 

 
Figure 2(a) and 2(b) show the shape of the interface normalized by the channel size W 

and the the value of Qc, which is Q at the position where z is zero in each cases. 
Normalized shapes obtained by NS and CH equations don’t depend on the channel size. 
In the case of the MD simulations, normalized shapes are almost same and thus it can 
be said that results don’t depend on the channel size. Moreover, both normalized results 
agree well, and the values of Qc are almost same between two different simulations and 
increase with the channel size as shown in figure 2(c). From these results, it can be 
concluded that the dynamics of the liquid-vapor interface depend on the channel size and 
can be normalized by the channel size. 
 
4. Summaries and future plans 

In this study, we consider the condition that droplet shared by solid walls which moves 
along the perpendicular direction against the liquid-vapor interface and evaluate the 
shape of the interface by macroscopic and microscopic methods. As a result, the shapes 
of the interface obtained by two results agree well and can be normalized by the channel 
size and the characteristic value. In the future work, we will clarify the slip length and 
the static contact angle dependence of the shape of the interface and the effects of the 
interface dynamics on the friction force between the solid wall and the droplet. 
 
5. Research results (* reprint included) 

1) Journal (included international conference with peer review and tutorial paper) 

Not applicable. 
2) International and domestic conferences, meeting, oral presentation etc. 

(included international conference without peer review) 

*[1] A. Fukushima, N. Fillot, T. Tokumasu, P. Vergne : Molecular dynamics simulation of 
a nano droplet in a nm-order channel, Proceedings of the 18th International 
Symposium on Advanced Fluid Information, Sendai,(2018), CRF-52, pp. 106-107. 

3) Patent, award, press release etc. 
Not applicable. 
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1. ◊✲目ⓗ 

Ẽࢆ᭷ࡿࡍᝨᫍࡢ᥈ᰝᶵᢞධ࡛ࡣ㸪ᝨᫍẼ✺ධᚋ✵ຊῶ㏿⨨ᒎ㛤ࡿࡼ㉸㡢㏿㝆ୗ

ጼໃࡿࡼᏳᐃᣲືࡢ㞳⬺⾪ᧁἼࡢ㸪✵ຊῶ㏿⨨๓᪉࡛ࡣ㸬㉸㡢㏿㝆ୗࡿࡍ㝣╔࡚⤒ࢆ

ᅽຊࡿࢀࡉ㸪ㄏ㉳ࡏࡉື⬦ᴟⓗ✚ࢆ㸪㞳⬺⾪ᧁἼࡣ࡛✲◊㸬ᮏࡿ࠸࡚ࢀࡉሗ࿌ࡀᏳᐃࡢ

ᖜࢆ⏝ࡓࡋጼໃไᚚἲࡢᐇ⌧ᛶ࡚࠸ࡘ㸪ᙎ㐨㣕⾜ᐇ㦂⨨ࡿࡼ⮬⏤㣕⾜ᐇ㦂ࡿࡼ㣕ࡻࡋ

 㸬ࡿࡍホ౯ࡽሙィ ⤖ᯝࢀὶࡢ࿘ᅖጼໃኚࡢయ࠺
 
2. ◊✲ᡂᯝࡢෆᐜ 

ὶయ⛉Ꮫ◊✲ᡤඹྠ⏝タࡢᙎ㐨㣕⾜ᐇ㦂⨨ࢆ⏝ࡋ㸪2 ✀㢮ࡢᶍᆺ㸦ᅗ 1㸧ࢆM1.8 ࡛

Ẽ⎔ቃୗࡢ ᐃ㒊⮬⏤㣕⾜ࡏࡉ㸪࿘ᅖ࡛Ⓨ⏕ࡿࡍ⾪ᧁἼ⬦ືࢆᙳ┿ἲྍࡿࡼどィ ࢆᐇ

ࡓࡋ㸦ᅗ 2 ᅗࡧࡼ࠾ 3㸧㸬ᶍᆺᑍἲࡣ㸪ึᖺᗘࡢᐇ㦂⤖ᯝࢆඖ㸪Ᏻᐃ㣕⾜ྍ⬟࡚ࡋࡢࡶ࡞Ỵ

ᐃࡓ࠸⏝ࢆࡢࡶࡓࢀࡉ㸬㧗㏿ᗘࡾࡼ࣓ࣛ࢝㸪M1.8 ࡛㣕⾜ࡿࡍᶍᆺ࿘ᅖࡿࡅ࠾⾪ᧁἼᖸ΅ᵝ

ែᶍᆺᮏయࡢጼໃࢆ᫂࡞࠺ࡻࡾ⏬ീྲྀࢆᚓ࡛ࡓࡁ㸬 

 
 

ᅗ ᶍᆺᙧ≧㸦༢ࢸࣅࣕ࢟ࡁ๓ྥࢡࣃࢫ .1 mm㸪ࢡࣃࢫඛ➃༙ࡢ㡬ゅθࡣ 10°㸧 

 
ᅗ 2. ᙎ㐨㣕⾜ᐇ㦂⨨ࡿࡼ⾪ᧁἼ⬦ືࡧࡼ࠾ᶍᆺ㣕࠺ࡻࡋጼໃྍどィ ᐇ㦂⣔ 

ㄢ㢟␒  ྕ J18L098 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ᇶ┙ὶయ⛉Ꮫ 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 2 ᖺ┠ 

M o d e l  t y p e  L  D 1  D 2  S p i k e  

1 - N  7 0  4 2  1 0  N / A  

1 - S  7 0  4 2  1 0  E q u i p p e d  
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( a )  S h o t # 8 0 5  ( M o d e l  1 - S )  ( b )  S h o t # 8 0 6  ( M o d e l  1 - S )  ( c )  S h o t # 8 0 8  ( M o d e l  1 - S )  

   
( d )  S h o t # 8 0 9  ( M o d e l  1 - S )  ( e ) S h o t # 8 1 0  ( M o d e l  1 - S )  ( f ) S h o t # 8 1 1  ( M o d e l  1 - S )  

 

  

( g ) S h o t # 8 1 2  ( M o d e l  1 - N )    
ᅗ 3. ᙎ㐨㣕⾜ᐇ㦂⨨ࡽᑕฟ┤ᚋࡢᶍᆺ㣕࠺ࡻࡋጼໃ࿘ᅖࡢ⾪ᧁἼྍࡢど

㸦Shot#807ࡣ㸪ᙳࡢ࢞ࣜࢺㄪࡵࡓࡢ⏬ീィ ኻᩋ㸧 

 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

◊✲┠ᶆ㸦⏦ㄳࡢணࡿࢀࡉ⤖ᯝ㸧ࡣ㸪๓ྥࢸࣅࣕ࢟ࡁᶍᆺ᪕㌿㐠ືࡌ⏕ࡀ㸪័ᛶ࣮ࣔ

ࡓࡋ㸪ᶍᆺᮏయࡓࡲ㸬ࡇࡿᚓࢆຠᯝࡿࡍᏳᐃࡀጼໃࡢయ࠺ࡻࡋ㣕࡛ࡇࡿࡍ⏕Ⓨࡀࢺ࣓ࣥ

ᑠᏍࡽⓎࡿࢀࡽࡏᄇὶࡾࡼᶍᆺᮏయࡢ᪕㌿ࡀᮇᚅࡀࡓࢀࡉ㸪ྍど⏬ീࡢ⠊ᅖࡣ࡚࠸࠾㸪

᫂☜࡞᪕㌿ࡣィ ࡛ࡓࡗ࡞ࡁ㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᐇ㦂࡛ࡣ㸪ᶍᆺᮏయഃ㠃ࡢᑠᏍ┤ᚄ㸪タ⨨ᩘ࡚࠸ࡘኚ᭦ࢆຍ࡚࠼ᐇ㦂ࡀࡓࡋ㸪ࡶࢀࡎ࠸᪕

㌿ࡀ᫂࠺ࡻࡾㄆࡓࡗ࡞ࢀࡽࡵ㸬ྍど⠊ᅖࡀ⣙ 0.3 m ᑠࡀほ 㛫ࡿࡍㄆ☜ࢆ㸪᪕㌿ࡾ࠶࡛

㸬CFDࡓࢀࡉ᥎ᐹࡿ࠸࡚ࡋᅔ㞴ࢆ ほࡀࡇ࠸ࡉ  ィ࠺ࡻࡾ᫂ࢆ㸪᪕㌿ࡵྵࡶゎᯒࡿࡼ

 㸬ࡿ࠶ㄢ㢟࡛ࡀ✚ぢࡢィ 㛫㛫㝸ࡢࡵࡓࡿࡍ
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] Mizukaki, T., Ohtani, K., and Obayashi, S.: Attitude Control of a Supersonic Projectile by 
Pulsation of Bow Shock, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information㸪Sendai, (2018), CRF-73, pp. 152-153. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞
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( a )  S h o t # 8 0 5  ( M o d e l  1 - S )  ( b )  S h o t # 8 0 6  ( M o d e l  1 - S )  ( c )  S h o t # 8 0 8  ( M o d e l  1 - S )  

   
( d )  S h o t # 8 0 9  ( M o d e l  1 - S )  ( e ) S h o t # 8 1 0  ( M o d e l  1 - S )  ( f ) S h o t # 8 1 1  ( M o d e l  1 - S )  

 

  

( g ) S h o t # 8 1 2  ( M o d e l  1 - N )    
ᅗ 3. ᙎ㐨㣕⾜ᐇ㦂⨨ࡽᑕฟ┤ᚋࡢᶍᆺ㣕࠺ࡻࡋጼໃ࿘ᅖࡢ⾪ᧁἼྍࡢど

㸦Shot#807ࡣ㸪ᙳࡢ࢞ࣜࢺㄪࡵࡓࡢ⏬ീィ ኻᩋ㸧 

 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

◊✲┠ᶆ㸦⏦ㄳࡢணࡿࢀࡉ⤖ᯝ㸧ࡣ㸪๓ྥࢸࣅࣕ࢟ࡁᶍᆺ᪕㌿㐠ືࡌ⏕ࡀ㸪័ᛶ࣮ࣔ

ࡓࡋ㸪ᶍᆺᮏయࡓࡲ㸬ࡇࡿᚓࢆຠᯝࡿࡍᏳᐃࡀጼໃࡢయ࠺ࡻࡋ㣕࡛ࡇࡿࡍ⏕Ⓨࡀࢺ࣓ࣥ

ᑠᏍࡽⓎࡿࢀࡽࡏᄇὶࡾࡼᶍᆺᮏయࡢ᪕㌿ࡀᮇᚅࡀࡓࢀࡉ㸪ྍど⏬ീࡢ⠊ᅖࡣ࡚࠸࠾㸪

᫂☜࡞᪕㌿ࡣィ ࡛ࡓࡗ࡞ࡁ㸬 
 
 ㄢ㢟ࡢᚋࡵࡲ .4

ᐇ㦂࡛ࡣ㸪ᶍᆺᮏయഃ㠃ࡢᑠᏍ┤ᚄ㸪タ⨨ᩘ࡚࠸ࡘኚ᭦ࢆຍ࡚࠼ᐇ㦂ࡀࡓࡋ㸪ࡶࢀࡎ࠸᪕

㌿ࡀ᫂࠺ࡻࡾㄆࡓࡗ࡞ࢀࡽࡵ㸬ྍど⠊ᅖࡀ⣙ 0.3 m ᑠࡀほ 㛫ࡿࡍㄆ☜ࢆ㸪᪕㌿ࡾ࠶࡛

㸬CFDࡓࢀࡉ᥎ᐹࡿ࠸࡚ࡋᅔ㞴ࢆ ほࡀࡇ࠸ࡉ  ィ࠺ࡻࡾ᫂ࢆ㸪᪕㌿ࡵྵࡶゎᯒࡿࡼ

 㸬ࡿ࠶ㄢ㢟࡛ࡀ✚ぢࡢィ 㛫㛫㝸ࡢࡵࡓࡿࡍ
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] Mizukaki, T., Ohtani, K., and Obayashi, S.: Attitude Control of a Supersonic Projectile by 
Pulsation of Bow Shock, Proceedings of the Eighteenth International Symposium on 
Advanced Fluid Information㸪Sendai, (2018), CRF-73, pp. 152-153. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

 

 
 

 

 

 

 

 

Ỉ㠃ࡢ༢Ⓨࢫࣝࣃᨺ㟁ᚋࡢỈ୰㟁Ⲵ⛣ື್ᩘࡢゎᯒ 

Numerical Analysis on Charge Transport in Water after Single Pulsed Discharge 

to the Water Surface 

  

ୖ㔝 அ*†㸪బ⸨ ᓅᙪ**†† 
*ᒾᡭᏛ⌮ᕤᏛ㒊㸪**ᮾᏛὶయ⛉Ꮫ◊✲ᡤ 

†⏦ㄳ⪅㸪††ᡤෆᑐᛂᩍဨ 
 

1. ◊✲目ⓗ 

✵Ẽ୰ࡢ㟁ᴟࡽ⤯⦕యᐜჾෆࡢỈࡢỈ㠃࠺ྥ༢Ⓨࢫࣝࣃᨺ㟁ࡾࡼࡓࢀࡽ࠼㟁

Ⲵࡿࡼ㟁ࡀ㸪㟁ᴟࡽ㞳ࡓࢀ⨨࡚࠸࠾㛫ࢆ㐜ࡀࡇࡿࡍ᪼ୖ࠸࡞ࡶࢆࢀィ ࡉ

㟁Ⲵ࠺ࡼࡢ㸪ࡣ✲◊㸬ᮏ࠸࡞࠸࡚ࢀࡉࡽ᫂ࡣ༑ศࡣ࣒ࢬࢽ࣓࢝ࡢࡑ㸪ࡀࡿ࠸࡚ࢀ

 㸬ࡿ࠸࡚ࡋⓗ┠ࢆࡇࡿࡍゎ᫂ࡽᐇ㦂ࡧࡼ࠾ㄽ⌮࡚࠸ࡘࡢࡿࢀࡉỈ୰࡛㍺㏦ࡀ
 
2. ◊✲ᡂᯝࡢෆᐜ 

ᅗ 1 ᚄ┤ࢆ㸬㉸⣧⢋ࡍ♧ࢆ⨨ᐇ㦂

90 mm 㸪̔̀ࡋὀධᐜჾࡢ ࡉ 10 mm ࡋ

㸪ࡋ⨨タࢆ㔪㟁ᴟỈ㠃㏆ഐࡢ㸬ᐜჾ୰ᚰࡓ

㸩7.5 kV ኚࡢ㸬㟁ᅽࡓࡏࡉᨺ㟁ࡋ༳ຍࢆ

Ỉࢆ㟼㟁᥈㔪ࡓࡋ⥆᥋ࢆ࣮ࢧࣥࢹࣥࢥ㸪ࡣ

୰ᤄධࡋ㸪ࡢ࣮ࢧࣥࢹࣥࢥ㟁ᅽィ ࡿࡍ

࣭ࢺࢫࣥࣝࢿ㸪ࡣ㸬ᩘ್ゎᯒࡓࡵồ࡛ࡇ

ࡽ㉁㔞ಖᏑ๎ࡢࣥ࢜ᘧࡢࢡࣥࣛࣉ

ᑟฟࡓࡋᣑᩓ࣭Ὃື᪉⛬ᘧᩘࣥ࢜ࡽᐦ

ᗘࡢ㛫Ⓨᒎࢆゎᯒ[1]ࡓࡋ.  
 

ㄢ㢟␒  ྕ J18L100 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ⎔ቃ࣭࣮ࢠࣝࢿ࢚ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠ 

Fig. 2 Computational result of the 
potential change against time. 

Fig. 3 Experimental result of the 
potential change against time. 

Fig. 1 Schematic of the experimental 
setup. 
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ᅗ 2 ࡀ⨨ᚄ༙ 10 cm ࢀࡽ࠼㸬୰ᚰ࡛ࡍ♧ࢆゎᯒ⤖ᯝ್ᩘࡢ㛫ኚࡢ㟁ࡢࡢ

㸬ᅗࡓࢀࡽᚓࡀᯝ⤖ࡿࡍῶᑡඹ㸪㛫ࡀ㟁ࡿࢀࡉᙧᡂࡾࡼ㟁Ⲵࡓ 3 ᐇ㦂⤖ᯝࡍ♧

 ィࡸࡉࡁࡢ㸪ᐜჾࡣ㸬ᅇࡿ࠸࡚ࢀࡉ♧ࡀᵝᏊࡿࡍῶᑡඹ㛫ࡀ㸪㟁ࡶ࡚࠸࠾

⨨㸪᥋ᆅ㟁ᴟࡢ㓄⨨್ᩘࡀ࡞ゎᯒᐇ㦂ࡵࡓ࠸࡞ࡣ࡛ࡌྠ࡚࠸࠾㸪ᐃᛶⓗ࡞ẚ㍑࡞

ゎᯒ್࡛ᩘ㸪ᐃᛶⓗࡾࡼࡇࡓࢀࡽぢࡀഴྥࡿࡍῶᑡࡀ㟁ඹ㛫ࡶࢀࡎ࠸㸪ࡀࡓࡗ

 㸬ࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡁ㉳ࡀ㇟⌧ࡿࡁゎ࡛⌮࡛ࣝࢹࣔࡓ࠸⏝
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲࡛ࡣ㸪Ỉ୰ࡢ㟁Ⲵ㍺㏦ᶵᵓࢆゎ್᫂ᩘࡵࡓࡿࡍゎᯒࣔࣝࢹᐇ㦂ィ ⤖ᯝࡢẚ㍑

㸪ࡾࡼࢀࡇ㸬ࡓࡁ၀࡛♧ࢆᛶ⬟ྍࡿࡁㄝ࡛᫂ࢆᐇ㦂⤖ᯝᐃᛶⓗࡀࣝࢹࣔࡓࡋ㸪ᵓ⠏࠸⾜ࢆ

ᙜึࡢ┠ᶆࡣᴫࡡ㐩ᡂ࡛ࡿ࠸࡚࠼⪄ࡓࡁ㸬 

 
 ㄢ㢟ࡢᚋࡵࡲ .4

 ᮏ◊✲࡛ᚓࡓࢀࡽ⤖ᯝ࡛ࡣ㸪ᐃᛶⓗ࡞ẚ㍑ࡀࡓࡁ࡛ࡀࡇ࠺⾜ࢆ㸪ࡽࡉᐃ㔞ⓗ᳨࡞ドࢆ

 㸬࠸ࡓࡋウ᳨ࢆᵓ⠏ࡢࣝࢹࣔࡿ࠼⾜

 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

*[1] A. Sato, K. Ueno, and T. Sato: Numerical Analysis on Charge Transfer and Potential 
Change in Water after Single Pulsed Discharge to the Water Surface, International 
Symposium on Application of High-voltage, Plasmas & Micro/Nano Bubbles (Fine 
Bubbles) to Agriculture and Aquaculture (ISHPMNB2018), Morioka, (2018), Abstract 
Book, pp. 95-96. 

 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

㸦≉チ㸧  ࡋ࡞ 
㸦ཷ㈹㸧  ࡋ࡞ 
㸦࣑ࢥࢫ࣐Ⓨ⾲㸧  ࡋ࡞ 
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ᅗ 2 ࡀ⨨ᚄ༙ 10 cm ࢀࡽ࠼㸬୰ᚰ࡛ࡍ♧ࢆゎᯒ⤖ᯝ್ᩘࡢ㛫ኚࡢ㟁ࡢࡢ

㸬ᅗࡓࢀࡽᚓࡀᯝ⤖ࡿࡍῶᑡඹ㸪㛫ࡀ㟁ࡿࢀࡉᙧᡂࡾࡼ㟁Ⲵࡓ 3 ᐇ㦂⤖ᯝࡍ♧

 ィࡸࡉࡁࡢ㸪ᐜჾࡣ㸬ᅇࡿ࠸࡚ࢀࡉ♧ࡀᵝᏊࡿࡍῶᑡඹ㛫ࡀ㸪㟁ࡶ࡚࠸࠾

⨨㸪᥋ᆅ㟁ᴟࡢ㓄⨨್ᩘࡀ࡞ゎᯒᐇ㦂ࡵࡓ࠸࡞ࡣ࡛ࡌྠ࡚࠸࠾㸪ᐃᛶⓗ࡞ẚ㍑࡞

ゎᯒ್࡛ᩘ㸪ᐃᛶⓗࡾࡼࡇࡓࢀࡽぢࡀഴྥࡿࡍῶᑡࡀ㟁ඹ㛫ࡶࢀࡎ࠸㸪ࡀࡓࡗ

 㸬ࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡁ㉳ࡀ㇟⌧ࡿࡁゎ࡛⌮࡛ࣝࢹࣔࡓ࠸⏝
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

ᮏ◊✲࡛ࡣ㸪Ỉ୰ࡢ㟁Ⲵ㍺㏦ᶵᵓࢆゎ್᫂ᩘࡵࡓࡿࡍゎᯒࣔࣝࢹᐇ㦂ィ ⤖ᯝࡢẚ㍑

㸪ࡾࡼࢀࡇ㸬ࡓࡁ၀࡛♧ࢆᛶ⬟ྍࡿࡁㄝ࡛᫂ࢆᐇ㦂⤖ᯝᐃᛶⓗࡀࣝࢹࣔࡓࡋ㸪ᵓ⠏࠸⾜ࢆ
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1. ◊✲目ⓗ 

㝔ෆឤᰁࡀ♫ⓗ࡞ࡁၥ㢟ࡾ࡞㸪⣽⳦ࡀ࣮ࣝࣟࢺࣥࢥࡢᙉࡃᮃࡿ࠸࡚ࢀࡲ㸬ࡓࡲ㸪

ᢠ⏕≀㉁ᑐࡋ⪏ᛶࢆᣢࡘ⸆⪏ᛶ⳦ࡀቑຍࡵࡓࡿ࠸࡚ࡋ㸪ᢠ⏕≀㉁௦ࡿࢃ᪂࠸ࡋẅ⳦᪉

ἲࡀᵝ࡞ࠎศ㔝࡛ᮃࡿ࠸࡚ࢀࡲ㸬࡚ࡋࡘ୍ࡢࡑప Ẽᅽ࣐ࢬࣛࣉ↷ᑕࡀᣲࡿࢀࡽࡆ㸬

㸪ᢠࡵࡓࡿࡁ࡛ࡀࡇࡿࡍᡂ⏕ࢆ✀άᛶ࡞㸪ᚲせࡣ࣐ࢬࣛࣉప Ẽᅽ࡞⬟ᐊ ࡛↷ᑕྍࡰ

⏕≀㉁⪏ᛶ⳦ࡓࡵྵࢆᵝ࡞ࠎ⣽⳦ࢆάࡿࡏࡉ⬟ຊࢆᣢࡿ࠸࡚ࡗ㸬 
ప Ẽᅽࡢ࣐ࢬࣛࣉ㐺⏝᭱ࢆ㐺ࡣࡵࡓࡿࡍ㸪࣐ࢬࣛࣉ⏕ᡂ㸪࣐ࢬࣛࣉᏛ㸪ࡧࡼ࠾
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ᾮయ࡛ࡢ࡞㸪⾑ᾮࡣ㠃⾲ࡢയ≉㸬ࡿ࡞㠃⾲ࡢ࡞യࡸ⓶ࡣࢺࢵࢤ࣮ࢱࡢࡑሙྜ㸪ࡿ
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 㸬ࡿ࠼ࢆ
ࢬࣛࣉ㸪ࡋᣦ┠ࢆࡇࡿࡍ㐺᭱ࢆ⨨⳦⁛ࡓ࠸⏝ࢆ࣐ࢬࣛࣉ㸪ప Ẽᅽࡣ࡛✲◊ࡢࡇ

ࡍᶆ┠ࢆࡇࡿࡍゎᯒ࣭⌮ゎࢆ㛫Ⓨᒎࡢ㟁ⲴศᕸࡿࢀࡉᙧᡂỈ୰ࡓࢀࡉ⌮ฎࡾࡼ࣐

 㸬ࡿ
 
2. ◊✲ᡂᯝࡢෆᐜ 

 ᮏ◊✲࡛ࡣ㸪ᨺ㟁ࡾࡼ࣐ࢬࣛࣉᙧᡂࡿࢀࡉ㟁Ⲵศᕸ᳨ࢆウࡵࡓࡿࡍ㸪㔪㟁ᴟ̿Ỉ㠃㛫

ᨺ㟁ࢆ⏕ᡂࡋ㸪ᨺ㟁ࡾࡼ㞳ࡓࢀᆅⅬࡿࡅ࠾㟁ࢆ ᐃࡓࡋ㸬ᐇ㦂⨨ࡢᴫ␎ࢆᅗ 㸬ࡍ♧1

᥋ᆅ㟁ᴟୖ┤ᚄ⣙ 220 mm ࢆ㉸⣧Ỉࡣ㸬ᐜჾෆࡓࡋ⨨タࢆᐜჾࢫࣛ࢞⟄ᙧࡢ 500 ml ὀ

ࡀ㊥㞳ࡢඛ➃࣭Ỉ㠃㛫ࢆ㸬㧗㟁ᅽ㔪㟁ᴟࡔ࠸ 1 mm࠺ࡼࡿ࡞タ⨨ࡋ㸪㧗㟁ᅽࢆ༳ຍࡇࡿࡍ

࣮ࣞࢿ࢙ࢪࣥࣙࢩࢡࣥࣇ㸪ࡣ㸬㧗㟁ᅽࡓࡋᡂ⏕ࢆ࣐ࢬࣛࣉᨺ㟁㛫ࡢỈ㠃㔪㟁ᴟ࡛

㸪ᖜ࠸⏝ࢆࣉࣥ㧗㟁ᅽࡧཬࢱ 6.5 kV㸪್༙ᖜ 8ȣs ༳㸪㔪㟁ᴟࡋᡂ⏕ࢆࢫࣝࣃ㟁ᅽࡢ

ຍࡓࡋ㸬 

 Ỉ୰ࡢ㟁ィ ࡵࡓࡢ㸪ᨺ㟁㟁ᴟࡽ 100 mm㞳ࡓࢀᆅⅬࣈ࣮ࣟࣉ㟁ᴟࢆタ⨨ࡓࡋ㸬ࣟࣉ

ᚄ┤ࡣࣈ࣮ 0.3 mm࡛ࢻࢵࣟࢫࣞࣥࢸࢫࡢ㸪ඛ➃ࢆ 5 mm Ỉ୰ỿࡓࡵ㸬ࣈ࣮ࣟࣉ㟁ࡢィ 

㸪ᐇ࠾࡞㸬ࡓࡋᐃ ࡚ࡋᮇྠࢫࣝࣃ㧗㟁ᅽࡢࡵࡓࡢ㸪ᨺ㟁⏕ᡂ࠸⏝ࢆࣉ࣮ࢥࢫࣟࢩ࢜ࡣ

ㄢ㢟␒  ྕ J18L107 
༊ศ ࣮ࣜࣉࢵࢩ࣮ࢲඹྠ◊✲ 

ㄢ㢟ศ㔝 ᗣ࣭⚟♴࣭་⒪ศ㔝 
◊✲ᮇ㛫 2018.4 ~2019.3 
⥅⥆ᖺ  ᩘ 1 ᖺ┠㸦Ⓨᒎ㸧 
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㦂୰ࡢ⣧Ỉࡢᑟ㟁⋡ࡣ 20ȣS/cm㸪ࡓࡲỈ

ࡣ  23 Υ୍࡛ᐃ࡛ࡓࡗ࠶㸬 

 㧗㟁ᅽ࡚࠸⏝ࢆࢫࣝࣃᨺ㟁ࢆᙧᡂࡿࡍ

ほࡀࢡࣃࢫ㟁ὶࡢ㸪120 mAࡾࡼࡇ

ᐹࡓࢀࡉ㸬ࡢࢡࣃࢫࡢࡇᖜࡣ⣙ 100 ns

ࢫ㸪ᨺ㟁㟁ὶࡣ㟁ࡢࣈ࣮ࣟࣉ㸬ࡿ࠶࡛

㸪⣙ࡽⅬࡓࢀὶࡀࢡࣃ 200ȣsࡢ㛫

ࢀࡇ㸬ࡓࡋῶᑡࡸ⦅ᚋࡢࡑ㸪ࡋ᪼ୖ

ᐃ ࢆ㟁ᙧᡂࡿࡼࢫࣝࣃ㸪㧗㟁ᅽࡣ

࡚࠼ࡽࢆࡁືࡢ㸪㟁Ⲵࡋ♧ࢆࡇࡓࡋ

㸪࡚࠸⏝ࢆ㟁ࡓࢀࡉ 㸪ほ࠾࡞㸬ࡿ࠸

ᨺ㟁㒊┤ୗࡢ㟁ࢆ➼౯ᅇ㊰࠸⏝ࢆ᥎ 

୍ࡰ್ࡓ࠸ᯝ㸪⌮ㄽィ⟬࡛ᑟ⤖ࡓࡋ

 㸬ࡓࡋㄆ☜ࢆࡇࡿࡍ⮴

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

 ணࡿࢀࡉᡂᯝ࡚ࡋ௨ୗࡢ 2  㸬ࡓࡗ⾜ࢆ✲◊ᶆ┠ࢆࡘ
㸦㸯㸧Ẽᅽప ࡾࡼ࣐ࢬࣛࣉ౪⤥ࡓࢀࡉ㟁ⲴࡢỈ୰ࡢ㍺㏦ᶵᵓࢆ᫂ࡿࡍࡽ㸬 
㸦㸰㸧Ẽᅽప ᭱ࡢ࣐ࢬࣛࣉ㐺ࡾࡼẅ⳦⨨ࡢ㧗ຠ⋡᳨ࢆウࡿࡍ㸬 
㸬ᨺ㟁㒊ࡓࡋド᳨࠸⏝ࢆ⟭ㄽィ⌮ࡧࡼ࠾ 㸪ᐇ㦂ほࡣ࡚࠸ࡘ㏦ᶵᵓ㍺ࡢ㟁Ⲵࡢ㸦㸯㸧ࡕ࠺ࡢࡑ

┤ୗࡢ㟁ᑐ࡚ࡋ㸪ᐇ㦂⤖ᯝࡽᑟฟ್ࡿࢀࡉ⌮ㄽィ⟬ࡽࡇࡓࡋ⮴୍ࡡࡴ࠾࠾ࡀࡢࡶࡢ㸪

㟁ⲴࡢỈ୰ࡢ㍺㏦ᶵᵓࡿ࠸࡚࠼⪄ࡓࡁ࡛ࡀࡇࡿ࡚❧ࢆࣝࢹࣔࡢ㸬ࡓࡲ㸪ࡢࡇ⤖ᯝࡇࡿ࠸⏝ࢆ

ࡀࡇࡿᚓࢆࢱ࣮ࢹ࡞㔜せ࡛ୖࡿᅗࢆ㐺᭱ࡢᡂ⏕࣐ࢬࣛࣉࡧ㏦ཬ㍺ࡢ✀άᛶࡢ㸪ᾮ୰ࡾࡼ

 㸬ࡿࢀࢃᛮࡓࡗࢁࡑࡀᮦᩱࡢࡵࡓࡢウ᳨ࡢ㸪㸦㸰㸧ࡾ࠾࡚࠼⪄ࡓࡁ࡛
 
 ㄢ㢟ࡢᚋࡵࡲ .4

㔪㟁ᴟ࣭Ỉ㠃㛫࣐ࢬࣛࣉࡢᨺ㟁ࡾࡼࡇࡿ࠸⏝ࢆ㸪ప Ẽᅽ࣐ࢬࣛࣉ↷ᑕᑐࡿࡍỈ୰

ࡓࡁ࡛ࡀࡇࡿ࡚❧ࢆࣝࢹ㟁Ⲵ㍺㏦ࣔࡢᯝ㸪Ỉ୰⤖ࡢࡑ㸬ࡓࡗ⾜ࢆウ᳨ࡢ㟁Ⲵ㍺㏦ࡿࡅ࠾

ᾮయࡢ⣧Ỉ௨እࡢ࡞㹎㹀㹑ࡣ㸪ᚋࡵࡓࡘᣢࢆ⋠ᑟ㟁ࡿ࡞␗⣧Ỉࡣ࡞㸬⾑ᾮࡿࢀࡽ࠼⪄

࠸⏝ࢆࣝࢹ㟁ᙧᡂࣔࡓࢀࡽ㸪ᅇᚓࡓࡲ㸬ࡿࢀࡽ࠼⪄ࡿ࠶ࡀᚲせࡿࡍࢆᐇ㦂ࡢᵝྠ࠸⏝ࢆ

ᨺ㟁࣐ࢬࣛࣉ࿘㎶ࡢ㟁ศᕸࢆィ⟬ࡾࡼࡇࡿࡍ㸪άᛶ✀⏕ᡂཬࡧ㍺㏦᭱㐺࣐ࢬࣛࣉ࡞⏕

ᡂ᮲௳ࢆ᥈⣴ࡿࡍணᐃ࡛ࡿ࠶㸬 

 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1) Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞

2) ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

[1] ୖཎ⪽ྖ㸪బ⸨᪫㸪ΎỈ㕲ྖ㸪బ⸨ᓅᙪ㸸㔪-Ỉ㠃ᨺ㟁క࠺Ỉ୰㟁Ⲵ⛣ືィ 㸪➨ 42 ᅇ㟼

㟁ẼᏛᅜ㸪(2018). 
[2] ୖཎ⪽ྖ㸪బ⸨᪫㸪ΎỈ㕲ྖ㸪బ⸨ᓅᙪ㸸⾲㠃㟁ィࡓ࠸⏝ࢆᨺ㟁క࠺Ỉ୰㟁Ⲵ㔞ィ 㸪

➨ 20 ᅇ㟼㟁ẼᏛᮇㅮ₇㸪(2019). 
 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ (3

 ࡋ࡞

ᅗ 1㸸ᐇ㦂⨨ᴫ␎ 
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࡚࠼ࡽࢆࡁືࡢ㸪㟁Ⲵࡋ♧ࢆࡇࡓࡋ

㸪࡚࠸⏝ࢆ㟁ࡓࢀࡉ 㸪ほ࠾࡞㸬ࡿ࠸

ᨺ㟁㒊┤ୗࡢ㟁ࢆ➼౯ᅇ㊰࠸⏝ࢆ᥎ 

୍ࡰ್ࡓ࠸ᯝ㸪⌮ㄽィ⟬࡛ᑟ⤖ࡓࡋ

 㸬ࡓࡋㄆ☜ࢆࡇࡿࡍ⮴

 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

 ணࡿࢀࡉᡂᯝ࡚ࡋ௨ୗࡢ 2  㸬ࡓࡗ⾜ࢆ✲◊ᶆ┠ࢆࡘ
㸦㸯㸧Ẽᅽప ࡾࡼ࣐ࢬࣛࣉ౪⤥ࡓࢀࡉ㟁ⲴࡢỈ୰ࡢ㍺㏦ᶵᵓࢆ᫂ࡿࡍࡽ㸬 
㸦㸰㸧Ẽᅽప ᭱ࡢ࣐ࢬࣛࣉ㐺ࡾࡼẅ⳦⨨ࡢ㧗ຠ⋡᳨ࢆウࡿࡍ㸬 
㸬ᨺ㟁㒊ࡓࡋド᳨࠸⏝ࢆ⟭ㄽィ⌮ࡧࡼ࠾ 㸪ᐇ㦂ほࡣ࡚࠸ࡘ㏦ᶵᵓ㍺ࡢ㟁Ⲵࡢ㸦㸯㸧ࡕ࠺ࡢࡑ

┤ୗࡢ㟁ᑐ࡚ࡋ㸪ᐇ㦂⤖ᯝࡽᑟฟ್ࡿࢀࡉ⌮ㄽィ⟬ࡽࡇࡓࡋ⮴୍ࡡࡴ࠾࠾ࡀࡢࡶࡢ㸪

㟁ⲴࡢỈ୰ࡢ㍺㏦ᶵᵓࡿ࠸࡚࠼⪄ࡓࡁ࡛ࡀࡇࡿ࡚❧ࢆࣝࢹࣔࡢ㸬ࡓࡲ㸪ࡢࡇ⤖ᯝࡇࡿ࠸⏝ࢆ

ࡀࡇࡿᚓࢆࢱ࣮ࢹ࡞㔜せ࡛ୖࡿᅗࢆ㐺᭱ࡢᡂ⏕࣐ࢬࣛࣉࡧ㏦ཬ㍺ࡢ✀άᛶࡢ㸪ᾮ୰ࡾࡼ

 㸬ࡿࢀࢃᛮࡓࡗࢁࡑࡀᮦᩱࡢࡵࡓࡢウ᳨ࡢ㸪㸦㸰㸧ࡾ࠾࡚࠼⪄ࡓࡁ࡛
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➨ 20 ᅇ㟼㟁ẼᏛᮇㅮ₇㸪(2019). 
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ᩘ್ὶయຊᏛࡓ࠸⏝ࢆ⬻⾑⟶ෆ⒪ࡿࡅ࠾ὶື⌧㇟ࡢゎ᫂ 

Computational Fluid Dynamics Study of Neuro-Endovascular Treatments 

for Cerebrovascular Diseases 
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1. ◊✲目ⓗ 

ᩘ್ὶయຊᏛࡓ࠸⏝ࢆ⬻⾑⟶ෆ⒪ࡿࡅ࠾ὶື⌧㇟ࡢゎ᫂ 
 
2. ◊✲ᡂᯝࡢෆᐜ 

2015 ᖺ 10 ᭶ࡽ 2018 ᖺ㸳᭶ࡢᮇ㛫࡛ෆ㢁ື⬦ᾏ⥥㟼⬦Ὕ㒊࣭ഐ๓ᗋ✺㉳㒊ື⬦⒗

Flow Diverter ⒪㸦Pipeline ␃⨨⾡㸧ࢆ⾜ࡓࡋ 22 ࡢᝈ⪅㸦22 ື⬦⒗㸧ࢆ retrosepctive
 㸪O’Kelly-Marotta(OKM) grading࠸⾜ࢆᙳ᳨ᰝ⟶⾑⬻㸬⒪ᚋ6ࣨ᭶ᚋࡓࡋCFDゎᯒ
scale 㸪9ࡣ㸬⤖ᯝࡓࡅศࡾࢆ⩌⪅グᝈୖ࡚࠸⏝ࢆ 㸦9 OKM scale D㸦ື⬦⒗ࡀ(⒗⬦ື

㛢ሰ㸧࡛㸪13 㸦13 ື⬦⒗㸧ࡀOKM scale B㸦ື⬦⒗య㒊ᥥฟࡾ࠶㸧࡛ࡓࡗ࠶.  
 

 
 

ᅇࡢ⤖ᯝࢆᝈ⪅ᅉᏊ㸪ື⬦⒗ࡢᙧ≧ᅉᏊ㸪⾡๓ࡢ⾑⾜ຊᏛⓗᅉᏊ㸪እ⛉⒪ᅉᏊࡢ 4 ᅉ

Ꮚࡢせ⣲᳨࡛ウࡓࡋ㸬ᝈ⪅యࡢᖹᆒᖺ㱋ࡣ 62.5(48-86)࡛㸪21 ே(95.4%)ࡀዪᛶ࡛ࡓࡗ࠶㸬 
ࡣ✚ᖹᆒయࡢ⒗⬦ື 125mm3(33.0-351mm3)࡛㸪OKM scale B ࡛᭷ពᕪࡀᚓࡓࢀࡽ(OKM 
scale D=83.3mm3, OKM scale B=160mm3, p=0.0313)㸬ࡓࡲ㸪OKM scale D 㸪ື⬦⒗ࡣ࡛

ෆࡢᖹᆒὶ㏿ࡀ scale B  OKM scale D=208.4mm/s, OKM scale)ࡓࡗ㏿᭷ពࡶࡾࡼ
B=115.0mm/s, p=0.0056)㸬Pipeline ␃⨨ᚋࡢmetal coverage ratio(MCR)ࡣ㸪ഹOKM 
scale D ࡛㧗ࡀࡓࡗ㸪᭷ពᕪࡣᚓࡓࡗ࡞ࢀࡽ(OKM scale D=22.54, OKM scale B=19.69, 
p=0.0662)㸬 
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◊✲ᮇ㛫 2018.4 ~2019.3 
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－ 275 －



   
 
 
3. ◊✲目ᶆࡢ㐩ᡂ≧ἣ 

⾡๓್ᩘࡢὶయຊᏛⓗゎᯒ࡛ື⬦⒗ୖグᅉᏊࡢ㛵ಀࡓࡏ♧ࡀ㸬ࡋࡋ⮫ᗋᛂ⏝࡚ࡋ

 㸬ࡿ࠶ᚲせ࡛ࡀࡡ㔜ࡳ✚ࡢࡿ࡞ࡽࡉࡣࡵࡓࡃ࠸
 
 ㄢ㢟ࡢᚋࡵࡲ .4

 㸬ࡿ࠶ᚲせ࡛ࡀࡡ㔜ࡳ✚ࡢࡿ࡞ࡽࡉ
 
5. ◊✲ᡂᯝ㸦*ࡣ別刷ࡾ࠶㸧 

1)  Ꮫ⾡㞧ㄅ㸦ᰝㄞࡁࡘᅜ㝿㆟㸪ゎㄝ➼ࡴྵࢆ㸧 

 ࡋ࡞
2)  ᅜ㝿㆟࣭ᅜෆᏛ࣭◊✲ཱྀ࣭㢌Ⓨ⾲➼ 

 ࡋ࡞
 Ⓨ⾲➼㸧࣑ࢥࢫ࣐㸦≉チ㸪ཷ㈹㸪ࡢࡑ  (3

 ࡋ࡞

 

－ 276 －



索　引

足立 高弘 271

飯島 高志 213

伊賀 由佳 113

石出 忠輝 169

石原　卓 229

石本　淳 57

市來 龍大 21

伊藤 浩志 79

岩川　輝 33

岩本 悠宏 257

上野 和之 269

内田　諭 223

内一 哲哉 91

江上 泰広 19

太田　信 63, 83, 159, 275

大谷 清伸 13, 73, 77, 117, 119, 123, 227

大林　茂 33, 67, 127, 141, 165, 167, 169, 179, 233, 247, 249, 255, 267

岡島 淳之介 31, 239, 251, 271

岡田　健 21, 225

岡部 孝裕 31

大上 泰寛 241

太田 匡則 259

小原　拓 75, 213

門脇　敏 15

金崎 雅博 115

金澤 誠司 111

金子　智 231

川添 博光 255

北川 一敬 123

杵淵 郁也 61

古川 琢磨 251

小助川 博之 17, 97, 109

後藤　実 39

江目 宏樹 239

小林 秀昭 15, 129, 215

小宮 敦樹 11, 69, 85, 105

酒井 康彦 121

坂上 博隆 149, 213

佐々木 大輔 43

佐藤 岳彦 27, 51, 111, 137, 223, 253, 269, 273

寒川 誠二 35, 45, 65, 145, 157, 161, 245

芝原 正彦 75

清水 鉄司 273

下山 幸治 41, 43, 49, 55

鈴木 杏奈 171

高木 敏行 37, 39, 79, 87, 93, 99, 107, 139, 201

高奈 秀匡 101, 103, 147, 209, 257, 261

高橋 公也 29

高橋　俊 233, 235

高橋 庸夫 245

高山 哲生 109

竹中 弘祐 225

田中　学 159

千葉 一永 67

昌　錫江 45

塚田 隆夫 105

津田 伸一 163

寺島 洋史 23

徳増　崇 53, 61, 71, 143, 163, 231, 265

姜　東赫 113

永井 大樹 19, 25, 47, 115, 125, 131, 135, 149, 151, 155, 235, 259

中川 敦寛 227

中嶋 伸太郎 275

中谷 達行 253

中村　寿 23, 81, 241

中本 裕之 107

中山　昇 37

沼田 大樹 117

服部 裕司 29, 153, 191, 229, 263

橋本 時忠 77

橋本　望 215

橋本 光男 213

長谷川 裕晃 125, 127

早川 晃弘 95

早瀬 敏幸 121, 237

福井 智宏 237

福島 啓悟 265

福本 康秀 191

福山 敦彦 35

藤野 貴康 147

槙原 幹十朗 13, 25

丸田　薫 89, 183

三坂 孝志 165

水書 稔治 267

水上 孝一 17

池田 （向井） 有理 63

椋平 祐輔 59

森江　隆 65
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森澤 征一郎 167

山﨑　渉 41

山下 一郎 161

山田 剛治 119

山田　昇 11

吉木 宏之 27

米澤 宏一 151

米村　茂 133, 243

依田 大輔 131

和田 浩史 213

渡邉 力夫 129
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Adrian Sescu 263

Alain Combescure 57, 213

Alexander Kirdyashkin  183

Anthony B. Murphy 209

Anthony Waas 179

Bernard Normand  201

Bernd Valeske 201, 213

Cedric Galizzi 215

Chenguang Lai 141

Chih-Yung Huang 155

Christian Boller 201

Christine K. Luscombe 179

Chrystelle Bernard 101

Dany Escudie 215

Dukhyun Choi 145

Fumio Ohuchi 179

Fumiya Togashi 247

Gael Sebald 91

Hideaki Ogawa 73

Igor Adamovich 103

Itsu Sen 83

Ivan Delbende 191

Jean-Yves Cavaille 93

Jeongmin Ahn 71, 81, 89

Ji㶥í Jeništa 209

Juan Felipe Torres 69

Justin Rubinstein 59

Kwak Dongyoun 213

Lalita Udpa 213

Lavi Rizki Zuhal 55

Manish Khandelwal 153

Maurice Rossi 191

Michael Fehler 171

Mohamed Farhat 51

Nasruddin 143

Nicholas Williamson 85

Olivier Emile Mathieu 215

Peng Zhang  47

Peter K. Kang 171

Philippe Guy 201

Pierre Calmon 201

Pierre Proulx 261

Rhea P. Liem 49

Roland N. Horne 171

Roman Fursenko  183

Sergey Minaev 183

Shalabh C. Maroo 53

Shinkyu Jeong 135, 249

Stefan G. Llewellyn Smith 191

Stéphane Le Dizès 191

Takuya Ishibashi 171

Vladimir Gubernov  183

Vladimir Khovaylo 99

Vladimir Saveliev 133

Willyanto Anggono 95

Yevgeniy Bondar 243

Yiming Li 157

Yiwen Zhang 97

Yun-Chien Cheng 137

Zahrul Fuadi 87

Zhenmao Chen 139
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