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高熱効率燃焼の開発に適用する筒内壁温予測技術 

 Simulation Technique of Cylinder Wall Temperature 
 to Apply for High Thermal Efficiency Combustion Development 

 
 
 
 
 
 

 

せ ⣙ 
，上࡛ࡿࡍࡅᒆ࠾ࢆࡧḼࡿ㉮࡟ᐈᵝ࠾ࡢୡ⏺中，ࡘࡘࡋ⌧ᐇࢆCO2᤼ฟ๐ῶࡿ࡞᭦ࡢ௒ᚋࡿࡼ࡟㠉᪂ࡢ↝⇞

高，ࡣ࡟ࡵࡓࡿࡍ❧次ඖ࡛୧࠸高ࢆቃᛶ⎔࡜ࡾ㉮ࠋࡿ࠶㛤Ⓨㄢ㢟࡛࡞重せ࡟㠀ᖖࡣ⌮⟶ 内ቨ⟃ࡢࣥࢪ࢚ࣥ

ຠ⋡⇞↝ࡀせồࡿࡍ⟄内ቨ ࢆ，ᚑ᮶ࡶࡾࡼヲ⣽࡞ไᚚࡾࡼ࡟⥔ᣢࡀ࡜ࡇࡿࡍồࢆࢀࡇࠋࡿࢀࡽࡵᐇ⌧ࡿࡍ

 ࡓࡋ㐃成ࢆ⇕ᨺࡿࡼ࡟ᑐὶ⇕ఏ達ࡢ࡬内㞺ᅖẼ࣒࣮ࣝࣥࢪ࢚ࣥࡸ෭༷水，࡜ఏᑟ⇕ࡢ本యࣥࢪ࢚ࣥ，࡟ࡵࡓ
CAE㸦Computer Aided Engineering㸧ண ᢏ⾡ࢆ㛤Ⓨࡋ，෭༷水ὶ㔞ࡢไᚚࣇ࣮࢜࢟，ࡸᚋࣥࢪ࢚ࣥࡢ保

 ࠋࡓࡋ⏝㐺࡟ ணࡢຠᯝࡢࡑ，࡜ゎ明࣒ࢬࢽ࣓࢝ࡢࢀὶ⇕ࡿࡼ࡟⾡ᢏ࣮ࣝࣟࢺࣥࢥ⇕ᨺ࡞ࡓ᪂ࡓࡗ࠸࡜ 
 

Summary 

Management of cylinder wall temperature is one of the most important topics for further CO2 emission 
reduction and driving performance improvement. In order to achieve such improvement, more precise 
control of engine temperature is necessary to maintain suitable condition for higher thermal efficiency 
combustion. To achieve this goal, we developed new CAE(Computer Aided Engineering)  simulation 
technique which couples the engine heat conduction and the fluid convection calculation, and applied to 
predict the heat transfer mechanism and its effect of the measures for controlling the temperature by 
new technologies such as the coolant flow rate control, and the engine heat retension.  

 

 めにࡌࡣ .1

௒ᚋࡢ᭦ࡿ࡞CO2᤼ฟ๐ῶࢆᐇ⌧ࡘࡘࡋ，ୡ⏺中࠾ࡢ

ᐈᵝ࡟㉮ࡿḼ࠾ࢆࡧᒆࡣ࡟ࡵࡓࡿࡍࡅ，内⇞ᶵ㛵ࡢ⇞↝

㠉᪂ࡿࡼ࡟⇕ຠ⋡ᨵၿࡀ重せ࡛ࡲࡊࡲࡉ，࡛ࡇࡇࠋࡿ࠶

，ࡋ⌧ᐇ࡚ࡋ安ᐃࢆ↝⇞⋠高ຠ࡚࠸࠾࡟᪉ࡾቃ，஌⎔࡞

一᪉࡛ࡢ↝⇞ࡣ⇕㈇Ⲵ࡟ᑐࡿࡍ㒊ရࡢಙ㢗ᛶࢆ‶㊊ࡿࡍ

ࠋࡿ࠶ᚲせ࡛ࡀ⌮⟶ࡢ 内ቨ⟃࡞ヲ⣽࡟ᚑ᮶௨上，ࡣ࡟

࡜ᗘ≧ែ ࡢࣥࢪ࢚ࣥ，ࡣ࡟ࡿࡍ⌧ᐇࢆែ≦࡞࠺ࡼࡢࡑ

㉮行᫬ࡢ⇕㈇Ⲵ࡟ᛂ࡚ࡌ，෭༷水ࡸእẼࡢ࡬ᨺ⇕㔞ࢆㄪ

ࢀࡽࡵồࡀ㐺໬᭱ࡢไᚚ࡜㒊ရᵓ㐀，ࡾ࠶ࡀᚲせࡿࡍᩚ

ࡢCAEࡓࡋ㛤Ⓨ࡟ࡵࡓࡢゎỴࡢㄢ㢟ࡢࡇ，ࡣ࡛✏本ࠋࡿ

ゎᯒᢏ⾡࡚࠸ࡘ࡟ᴫせࢆㄝ明ࠋࡿࡍ 
 

2. エンジンᬮ機の㔜せ性とㄢ㢟 

2.1 開発におけるㄢ㢟 
㐠㌿中ࣥࢪ࢚ࣥࡢ ᗘ⟶⌮ࡣ，෭㛫᫬ࡢᶵᲔᦆኻపῶ

ࣜࢩࡢ高㈇Ⲵ㐠㌿᫬，ࡣ࠸ࡿ࠶，ᢚไࡢHC,CO᤼ฟ㔞ࡸ

㸧ࡪ࿧࡜本యࣥࢪ࢚ࣥ，㸦௨下ࢡࢵࣟࣈ，ࢻࢵ࣮࣊ࢲࣥ

ㄢ㢟࡞ࡲࡊࡲࡉ，࡝࡞ᅇ㑊ࡢಙ㢗ᛶၥ㢟ࡿࡼ࡟ປ⑂⇕ࡢ

ࡵࡓࡢCO2᤼ฟ๐ῶࡿࡼ࡟ᨵၿ↝⇞，ࡓࡲࠋࡿࡍ⤖直࡟

࡞㐺ษࡿࡍせồࡢ↝⇞࡛ࡲ೵Ṇࡽ࠿ጞືࣥࢪ࢚ࣥ，ࡣ࡟

⟄内ቨ ࢆᖖ᫬達成ࡀ࡜ࡇࡿࡍồࠋࡿࢀࡽࡵ㐠㌿中࢚ࡢ

࡟⇕ࡿࡌ生࡚ࡗࡼ࡟↝⇞，ࡣ࡟ࡿࡍ⌮⟶ࢆ ቨࡢࣥࢪࣥ

ᑐࣥࢪ࢚ࣥ，࡚ࡋ本య内࡟タࣕࢪ࣮ࢱ࣮࢜࢘ࡓࢀࡽࡅ 

ࢆ㔞⇕ࡿࢃఏ࡚ࡗࡼ࡟ఏ達⇕，࡟෭༷水ࡿࢀὶࢆࢺࢵࢣ

㐺ษ࡟ㄪᩚࡀ࡜ࡇࡿࡍồࠋࡿࢀࡽࡵ 
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⇕ᨺ࡞࠺ࡼࡢࡇ，ࡣ࡚࠸࠾࡟次ୡ௦㌴✀㛤Ⓨࡢࢲࢶ࣐

࠼⪄ࡍ♧࡟Fig. 1࡚࠸ࡘ⌮⟶ᗘ ࡿࡼ࡟࣮ࣝࣟࢺࣥࢥࡢ

᪉࡛㛤Ⓨࠋࡿ࠸࡚ࡋࢆලయⓗࡣ࡟，ձጞື᫬ࡣ෭༷水࡬

ࢆᗘ㏿ ᪼ࡢ本యࣥࢪ࢚ࣥࡾࡼ࡟࡜ࡇࡿࡍᢚไࢆ⇕ᨺࡢ

高ࡵ，ղ⇞↝࡚ࡏࢃྜ࡟㐺 ࡢ≧ែࢆ⥔ᣢࡽࡀ࡞ࡋ㐠㌿

ᢚࢆ⇕ᨺࡢ೵Ṇᚋࣥࢪ࢚ࣥࡣ࡚࠸ࡘ࡟⛬㐣ࢡ࣮ࢯճ，ࡋ

ไࡋ， ᗘప下ࢆ小࡛࡜ࡇࡿࡍࡃࡉ，մ෌ጞື᫬ࡢ ᗘ

ࡢࡶ࠺࠸࡜，ࡿࡍࡃ▷ࢆ᫬㛫 ᪼ࡾࡼ࡟࡜ࡇࡿࡍࡃ高ࢆ

ࠋࡿ࠶࡛

ձࡢ㐣⛬ࡣ࡚࠸࠾࡟，෭༷水ࡢ࡬ᨺ⇕ࢆᢚไࡵࡓࡿࡍ，

෭༷水ὶ㔞ࢆ小ࡿࡍࡃࡉไᚚࢆ行ࠋ(1)ࡿ࠸࡚ࡗ௒ᚋࡣ，

᭦᪼࡟ ᫬㛫࡟ࡵࡓࡿࡍ⦰▷ࢆ，෭༷水ὶ㔞ࢆ೵Ṇࡋ，

⇕ఏ達ࡿࡼ࡟ᨺ⇕ࢆ㝈⏺࡛ࡲ小ࢆ࡜ࡇࡿࡍࡃࡉ┠ᣦ࡚ࡋ

↝⇞，ࡶ達ᚋ฿࡟ ᐊቨ↝⇞ࡿࡍ࡜ᶆ┠ࡣղ௨㝆ࠋࡿ࠸

安ᐃᛶࡢ⥔ᣢࣥࢪ࢚ࣥ࡜本యࡢಙ㢗ᛶࡢࢀࡒࢀࡑせồࢆ

‶㊊࠺ࡼࡿࡍ，෭༷水ὶ㔞ࡢไᚚࢆ行ࠋ࠺

ճࣥࢪ࢚ࣥࡢ೵Ṇᚋ࡛ࡢࣥࢪ࢚ࣥ，ࡣᨺ⇕ඛࢪ࢚ࣥࡣ

ࡿࡍᢚไࢆ⇕ᨺࡢ࡬㞺ᅖẼࠋࡿ࡞࡟㞺ᅖẼࡢ内࣒࣮ࣝࣥ

࢚ࣥ，࡛࡜ࡇࡿࡍ⨨タ࡟㠃⾲ࣥࢪ࢚ࣥࢆᮦ⇕᩿，࡟ࡵࡓ

࢚ࣥ，ࡋ࠿ࡋࠋࡿࡍࡃࡁ大ࢆ᢬ᢠ⇕ࡢ㛫ࡢ㞺ᅖẼ࡜ࣥࢪ

࡛⨨タ，ࡃࡋ㞴ࡣ࡜ࡇࡿࡍ⨨タ࡟㠃⾲ࡢ඲࡚ࡢ本యࣥࢪ

༑ࡣ࡛ࡅࡔࢀࡇ，ࡵࡓ࠺ࡲࡋ࡚ࡆ㏨ࡀ⇕ࡽ࠿㒊఩࠸࡞ࡁ

ศ࡞ຠᯝࢆⓎ᥹࡛᩿࡟≉，࡛ࡇࡑࠋ࠸࡞ࡁ⇕ᮦࡀタ⨨ࡋ

ࣥࢪ࢚ࣥ，࠸そ࡛࣮ࣂ࢝ࢆ周㎶ࢻࢵ࣮࣊ࢲࣥࣜࢩ࠸ࡃ࡟

ࣥࣜࢩ，ࡵ࡝࡜࡟周㎶ࣥࢪ࢚ࣥࢆ㞺ᅖẼࡓࡗࡲᬮ࡛⇕ࡢ

ఏ⇕࡛࡜ࡇࡿࡍపῶࢆᗘᕪ ࡢ㞺ᅖẼ࡜㠃⾲ࢻࢵ࣮࣊ࢲ

達ࡿࡼ࡟ᨺ⇕ࢆᢚไࠋࡿࡍFig. 2᩿࡟⇕ᮦࡢ࣮ࣂ࢝࡜㓄

ࠋࡍ♧ࢆࢪ࣮࣓࢖⨨

Fig. 1ࡢձࡽ࠿ճ࡛⏝ࡢࢀࡎ࠸ࡿࢀࡽ࠸ᡭẁࡶ，ᚑ᮶

ࢀࡑ，ࡾ࠶࡛⾡᪂ᢏࡢࡵࡓࡢ⌮⟶⇕ᨺ࠸࡞࡟ࣥࢪ࢚ࣥࡢ

ࡿࡂࡍࡾࡀ上ࡀᗘ ࡢ㒊ရ，ࡘࡘࡋⓎ᥹ࢆᨵၿຠᯝࡢࡽ

ㄢ㢟ࡢಙ㢗ᛶࡿࡼ࡟ປ⑂⇕ࡣ࠸ࡿ࠶，ᛶ⇕⪏ࡿࡼ࡟࡜ࡇ

೵ࣥࢪ࢚ࣥࡽ࠿ጞື，ࡣ࡟ࢀࡑࠋࡿ࠶ࡀᚲせࡿࡍゎỴࢆ

Ṇ௨㝆ࡢ⇕ὶ࡜ࢀ ᗘኚ໬ࢆ࣒ࢬࢽ࣓࢝ࡢ⌮ゎࡓࡋ上࡛，

᭱㐺࡞ ᗘࡢ࣮ࣝࣟࢺࣥࢥ᪉ἲࢆ㛤Ⓨࡢ᪩ᮇ࡟Ỵࡿࡵᚲ

せࡢࡑ，ࡾ࠶ࡀᐇ⌧ࡵࡓࡢ⇕ὶࣝࢹࣔࡢࢀ໬࡜ᮘ上᳨ウ

ᡭẁࢆ❧☜ࡢ┠ᣦࠋࡓࡋ

Fig. 2 Image of Engine Heat Insulation in Soak Process 

2.2 サーマルマネジメント開発に向けた予測技術 
ᑐࢆ௳ᐃᖖ㐠㌿᮲，ࡣ࡟ ᗘண ・ࢀ内⇕ὶࣥࢪ࢚ࣥ

㇟ ࡟ ， ⇞ ↝ ࢞ ࢫ ࡜ ෭ ༷ 水 ࡢ ὶ ࢀ ・   ᗘ ࢆ CFD
㸦Computational Fluid Dynamics㸧࡛ィ⟬ࡢࡑ，ࡋ⤖ᯝ

ᡭࡿ࠸⏝࡚ࡋ࡜௳ቃ⏺᮲ࡢఏᑟゎᯒ⇕ࡢ本యࣥࢪ࢚ࣥࢆ

ἲࡀ広ࡶ࡚࠸࠾࡟ࢲࢶ࣐ࠋࡿ࠸࡚ࢀࡽ࠸⏝ࡃ，高㈇Ⲵᐃ

ᖖ㐠㌿᫬ࡢ⇕ᛂຊ࡟ᑐࡿࡍಙ㢗ᛶホ౯࡟ࡵࡓࡢ，ྠᵝࡢ

ᡭἲ࡚࠸⏝ࢆ ᗘࢆண (2)ࡋ，෭༷ࡢࡵࡓࡢᑐ⟇ᵓ㐀ࢆ

᳨ウࠋࡓࡁ࡚ࡋ

࡟ಙ㢗ᛶ࡜↝⇞， ᪩ᮇ᪼，ࡣ㛤Ⓨ࡛ࡢ௒ᚋ，ࡋ࠿ࡋ

ᑐࡿࡍ㐺 ⥔ᣢ，ࣇ࣮࢜࢟ᚋࡢ保 ࠺࠸࡜㠀ᐃᖖ≧ែࡢ

 ᗘ⟶⌮࡟ࡵࡓࡢὶయࡢ⇕ఏ達ࡿࡼ࡟ᨺ⇕ࢆ㐺ᐅࢺࣥࢥ

ᢏࡢ࡝࡞ 保ࣥࢪ࢚ࣥࡸ෭༷水ไᚚ，ࡓࡲࠋࡿࡍ࣮ࣝࣟ

，ࢀࡉᢚไࡀ⇕ᨺࡢ路⤒ࡓࡗࡔᚑ᮶ᨭ㓄ⓗ，࡚ࡗࡼ࡟⾡

ࢆࡽࢀࡇࠋࡿࢃኚࡃࡁ大ࡀఏᑟ⤒路⇕ࡢ本య内ࣥࢪ࢚ࣥ

⪃៖ࡓࡋ上࡛⟄内ቨ ⟶⌮᭱ࡢ㐺࡞᪉ἲࢆ᪩ᮇ࡟Ỵᐃࡍ

⌧⇕ఏࡢ㐣Ώࡓࡋ៖⪄ࢆᵓ㐀࡞ヲ⣽ࡢ㒊ရ，ࡣ࡟ࡵࡓࡿ

 ࡢᐃᖖ≧ែࡢ前㏙，ࡋ࠿ࡋࠋࡓࡗ࠶ᚲ㡲࡛ࡀ ணࡢ㇟

ᗘண ᢏ⾡ࡣ，ὶయࡢὶࣥࢪ࢚ࣥ࡜ࢀ本యࡢ⇕ఏᑟࡢィ

⇕࠺క࡟ࢀࡑ࡜᫬㛫ኚ໬ࡢࢀὶ，ࡵࡓࡿ࠸࡚ࡋศ㞳ࢆ⟭

ࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿࡍ៖⪄ࢆኚ໬ࡢື⛣

᫬ྠࢆఏᑟ⇕ࡢ本య内ࣥࢪ࢚ࣥ࡜ࢀὶࡢὶయ，࡛ࡇࡑ

 ，ࡣ࡟ලయⓗࠋࡓࡋ㛤Ⓨࢆ⾡㐃成ゎᯒᢏࡿࡍ⟭ィ࡟

ձࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘内ࡢ෭༷水ὶࡢࢀ᫬㛫ኚ໬ࢆ⪃

៖ࣥࢪ࢚ࣥࡓࡋ本య内ࡢఏ⇕ゎᯒᢏ⾡，ղࢡ࣮ࢯ中ࡢ 

本య内ࣥࢪ࢚ࣥࡓࡋ៖⪄ࢆᑐὶ↛⮬ࡢ内࣒࣮ࣝࣥࢪ࢚ࣥ

ࠋࡿࡍ௨㝆࡛ㄝ明ࢆヲ⣽ࡢࡑࠋࡓࡋ㛤Ⓨࢆ⾡ఏ⇕ゎᯒᢏࡢ

3. エンジン温ᗘኚ化の予測技術

 ጞືࡓࡵྵࢆ࡛ࡲࢡ࣮ࢯࡽ࠿㐣Ώࣥࢪ࢚ࣥࡢ⇕ὶ࡜ࢀ

 ᗘኚ໬ࢆண ࡎࡲ，ࡣ࡟ࡿࡍ，ᨺ⇕ඛ࡛ࡿ࠶ὶయࡢὶ

，࡟≉ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ⟭ィࡃࡼ⢭ᗘࢆఏ達⇕，ࢀ

本ࣥࢪ࢚ࣥ，ࡣࢀὶࡢ෭༷水ࡢ内ࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘

యࡢࡽ࠿ᨺ⇕㔞ࡸ ᗘศᕸ࡟大࡞ࡁᙳ㡪ࢆ୚ࡵࡓࡿ࠼，

 ࠋࡿ࠶重せ࡛ࡀண ⢭ᗘࡢࡑ

ࢆᯝ⤖ࡢࡑ，࡜ ど໬ィྍࡢࢀ෭༷水ὶ，ࡎࡲ࡛ࡇࡑ

ඖ࡟CFDࣔࡢࣝࢹᨵ良ࢆ行࡛࡜ࡇ࠺，ὶ㏿，ཬࡧ⇕ఏ達

⋡ศᕸࡢண ⢭ᗘࢆᨵၿࡢࡑࠋࡓࡋ上࡛，ࣥࢪ࢚ࣥ本య

⇕，࡟ࡵࡓࡿࡍ⟭ィ࡜᫬々้々ࢆື⛣⇕ࡢ࡬෭༷水ࡽ࠿

Fig. 1 Concept of Engine Temperature Control in New 
Vehicle Development 
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ఏᑟィ⟬࡜෭༷水ὶࢀ・⇕ఏ達ィ⟬ࢆ㐃成ࡿࡍゎᯒᢏ⾡

 ࠋࡓࡋᵓ⠏ࢆ

 
3.1 ෭༷Ỉ流ࢀの予測⢭ᗘᨵၿ 
ᚑ᮶ࡢ ᗘண ࡣ高㈇Ⲵ㐠㌿᫬ࡢಙ㢗ᛶ᳨ウࢆ୺ࡋ࡜

ᗘ⛬ࡿ࠶ࠊࡣ高 㒊఩࡜௳㐠㌿᮲࠸高ࡢ㈇Ⲵ⇕，ࡾ࠾࡚

㝈ᐃࡵࡓࡢࡇࠋࡓ࠸࡚ࡁ࡛ࡀ࡜ࡇࡿࡍ，෭༷水ὶࡢࢀண

 ቨࡢ高 㒊఩ࡿࡅ࠾࡟௳㐠㌿᮲ࡢࡑ，ࡣ࡟㝿࠺行ࢆ 

ࡿࡁᢕᥱ࡛ࢆ㛵㛵ಀ┦ࡢ࡜⋠ఏ達⇕ࡧὶ㏿，ཬࡢ周㎶࡜

 ࠋࡓࡗ࠶重せ࡛ࡀ࡜ࡇ
ࢥ Ἔࣥࢪ࢚ࣥ，ࡸ安ᐃᛶ☜保ࡢ↝⇞⋠高ຠ，ࡋ࠿ࡋ

ࡢࡵࡓࡿࡍᙉ໬ࢆ⬟ᶵࡿࡍ㛵㐃࡟㈝⇞，࡝࡞࣮ࣝࣟࢺࣥ

ቨ ⟶⌮㒊఩ࣥࢪ࢚ࣥ，ࡣ本యࡢಙ㢗ᛶ࡜ࢀࡑࡿࡅ࠾࡟

࢚࡞ᚲせࡀ⌮⟶ᗘ ，ࡓࡲࠋࡿࢀࡽ࠼⪄ࡀ࡜ࡇࡿ࡞␗ࡣ

࡟大ᖜࡶࡾࡼᚑ᮶ࡀ範ᅖࡢ෭༷水ὶ㔞ࡸ௳㐠㌿᮲ࣥࢪࣥ

広ࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘，ࡵࡓࡢࡇࠋࡿ࠸࡚ࡗࡀ内ࡢᒁ

ᡤⓗ࡞ὶࡃ࡞࡛ࡅࡔࢀ，ὶ路内ࡢ඲యⓗ࡞ὶࢆࢀᖜ広࠸

ὶ㔞範ᅖ࡛⢭ᗘࡃࡼィ⟬ࡿࡍᚲせࡾ࠶ࡀ，CFDࡢィ⟬⢭

ᗘ᳨ࢆドࡿࡍᐇ㦂ࡶ࡚࠸࠾࡟，」㞧࡞ᙧ≧࣮ࢱ࣮࢜࢘ࡢ

 ࠋࡓࡗ࠶ᚲせ࡛ࡀ ィࡢὶ㏿ศᕸ࡞඲యⓗࡢ内ࢺࢵࢣࣕࢪ
PIVࢆࢀὶࡢ内ࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘，࡛ࡇࡑ

㸦Particle Image Velocimetry㸧ྍࡾࡼ࡟ど໬ࡋ，඲య

ⓗ࡞ὶ㏿ศᕸࢆCFD࡜ẚ㍑࡛࡜ࡇࡿࡍ，ゎᯒࡢၥ㢟Ⅼࢆ

明☜࡚ࡋ࡟⢭ᗘࢆᨵၿࡿࡍάືࠋࡔࢇ⤌ࡾྲྀ࡟ 
PIVィ ࢆ行࠺上࡛，࡞࠺ࡼࡢࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘

」㞧࡞ᙧ≧ࡣ，‴᭤ࡿࡍ⾲㠃ᙧ≧ࡿࡼ࡟ᒅᢡ࡛，᧜ᙳࡍ

࠺࠸࡜ࡿࡍప下ࡀゎᯒ⢭ᗘ，࠸ࡲࡋ࡛ࢇṍࡀീࡢ⢏Ꮚࡿ

ㄢ㢟ࢆࢀࡇࠋࡿ࠶ࡀゎỴࡵࡓࡿࡍ，Fig. 3࡟࠺ࡼࡍ♧࡟

ὶ路ࡢᮦᩱ࡛ࡢ➼ྠ࡜ࣝࣜࢡ࢔ࡿ࠶ᒅᢡ⋡ࡘࡶࢆ⁐ᾮ中

ࡇࡿࡍẅ┦ࢆᒅᢡ，ࡋᾐࢆὶ路ࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘࡟

⏝ࢆIndex Matchingἲࡿࡍᢚไࢆࡳṍࡢീ⏬ࡢ内㒊࡛࡜

 ࠋ(3)ࡓࡗ行ࢆ PIVィࡓ࠸
 
 

 
 

Fig. 3 Experiment of Index Matching PIV 
 

上グࡢᡭἲ࡛ィ ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩࡓࡋ㒊ࡢὶ㏿ศ

ᕸ࡜CFDゎᯒ⤖ᯝࢆ，Fig. 4(a)，Fig. 4(b)ࠋࡍ♧࡟CFD

ゎᯒࡣ࡟，ỗ⏝ὶయゎᯒ࣒ࣛࢢࣟࣉICONCFD®࠸⏝ࢆ

，ࡣὶ㏿ศᕸࡢ内ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩࡓࡵCFD࡛ồࠋࡓ

ὶ㏿ࡢ高࠸㡿ᇦࡀ広࡟ࡎࡽࡀ下ὶ࡟ὶࡢࡇ，ࡾ࠾࡚ࢀⅬ

࡛ィ⟬࡜ᐇ ࡢᕪࡀ大ࡀ࡜ࡇ࠸ࡁศࠋࡿ࠿ὶ㏿ศᕸࡢ広

ࡢ上ὶࡢࡑ，ࡵࡓࡿ࠸࡚ࡋ㠃C௨㝆࡛Ⓨ生᩿ࡣᕪࡢࡾࡀ

ࡓࡋ┠╔࡟ᵝᏊࡢࢀὶࡢධ口௜㏆ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩ

㸦Fig. 5㸧᩿ࠋ㠃Cࡢ直前࡛ὶࡀࢀቨ㠃ࡢࡑ，ࡋ✺⾪࡟ᚋ

ὶࡀࢀ広࠸࡞ࡽࡀ≧ែ࡛下ὶ࡚ࡗ࠿ྥ࡟ὶ࡜ࡇࡿ࠸࡚ࢀ

ධ口௜㏆ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩ，ࡽ࠿࡜ࡇࡢࡇࠋࡿ࠿ศࡀ

 ᥎࡜ࡿࡍᙳ㡪ࡃࡁ大࡟ண ⢭ᗘ，ࡀᣲື✺⾪ࡢࢀὶࡢ

 ࠋࡓࡋ
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

Fig. 5 Flow Behavior and Velocity Distribution 
 

Before Submerging After Submerging 

Zinc Iodide Solution Velocity Distribution

(a) PIV Measurement 

(b) Initial CFD Calculation 

(c) Improved CFD Calculation  

Fig. 4 Comparison of Cylinder Block
Velocity Distribution between CFD and PIV 
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PIV᳨ࡿࡼ࡟ドࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘，ࡾࡼ࡟内ࡢὶ

ධ口ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩࡿ࠶上ὶ࡛᭱，࡚࠸࠾࡟⟭ィࢀ

௜㏆ࡢὶ࡟ࢀㄢ㢟ࡀ࡜ࡇࡿ࠶ࡀศࣈ࣮ࢲࣥࣜࢩࠋࡓࡗ࠿

  ධ口࡛ࡎࡲ࡟࠺ࡼࡍ♧࡟Fig. 6，ࡣࢀὶࡢ内ࢡࢵࣟ

ཷࢆᙳ㡪ࡢᅇ㌿ࡢࡑ࡜≦ᙧࣛ࣌ࣥ࢖ࡢࣉ࣏࣮ࣥࢱ࣮࢜࢘

ศᒱ，✺⾪࡟ቨ㠃ࡢ࣮ࢲࣥࣜࢩ，ᚋࡢࡑࠋࡿࡍὶධ࡚ࡅ

広ࡢࢀὶ࡛࡜ࡇࡍ㏉ࡾ⧞ࢆ✺⾪ࡢ࡬ቨ㠃ࡶ௨㝆ࢀࡑ，ࡋ

 ࠋࡿࡃ࡚ࡗࡲỴࡀ᪉ࡾࡀ
௨上ࡢࡽ࠿ࣉ࣏࣮ࣥࢱ࣮࢜࢘，ࡾࡼὶ࡜ࢀ，ቨ㠃⾪✺

᫬ࡢὶࡢࢀᣲືࡀὶࡢࢀண ⢭ᗘ࡟ᑐ࡚ࡋ重せ࠼⪄࡜，

 ࠋࡓࡗ行ࢆᨵၿࣝࢹࣔࡓࡋ┠╔࡟ࡽࢀࡇ
 

 
 

Fig. 6 Flow Complexity at the Inlet of Water Jacket 
 

ࡵࡓࡿࡍ⌧෌ࢆࢀὶࡿࢀࡉฟྤࡽ࠿ࣉ࣏࣮ࣥࢱ࣮࢜࢘

㐠ືࡿࡼ࡟ᅇ㌿ࡢࡑ，ࡋ៖⪄ࢆ≦ヲ⣽ᙧࡢࣛ࣌ࣥ࢖，࡟

㔞ࡢቑຍࢆMRF㸦Multiple Reference Frame㸧(4) ࡾࡼ࡟

࡛⥺ὶࢆᕪࡢࢀὶࡿࡼ࡟↓᭷ࡢ໬ࣝࢹࣔࠋࡓࡋ໬ࣝࢹࣔ

ẚ㍑ࡓࡋ⤖ᯝࡍ♧ࢆ㸦Fig. 7㸧ࢆࣉ࣏ࣥࠋ⪃៖࡜ࡇࡿࡍ

ࡗࡀ広࡟上下᪉ྥࡣ⥺ὶࡢ内ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩࡾࡼ࡟

࠿ศࡀ࡜ࡇࡿ࠸࡚ࡋᙳ㡪ࡃࡁ大࡟ࢀὶࡀࣉ࣏ࣥ，ࡾ࠾࡚

 ࠋࡿ

 

(a) Without Pump         (b) With Pump 
Fig. 7 Comparison of Flow with/without Water Pump 

 
次࡟，ቨ㠃⾪✺・ศᒱὶࡢࢀ⢭ᗘ᳨࡚࠸ࡘ࡟ウࠋࡓࡋ

᮲࡞一ྠ࡟TᏐᆺὶ路࡛ศᒱฟ口ࡍ♧࡟Fig. 8，ࡣ࡛ࡇࡇ

ὶࡿࡅ࠾࡟௳ᙧ≧，᮲࡞⛠ᑐ，࠸⏝ࢆࣝࢹࣔࡓ࠼୚ࢆ௳

 ࠋࡿࡍド᳨ࢆィ⟬⢭ᗘࡢᑐ⛠ᛶࡢࢀ
Fig. 4(b)࡛♧ࡓࡋィ⟬ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩࡢ内ࢵ࣓ࡢ

行ࢆ⟭ศ๭ᩘ࡛ィࡢ➼ྠࡎࡲ，ࡵࡓࡢᗘ⛬10ࡣศ๭ࣗࢩ

≦ࡓࡅഴ࡚ࡋᑐ࡟ศᒱὶ路ࢆࣗࢩࢵ࣓，ࡁ࡜ࡢࡇࠋࡓࡗ

ែࢧ࢟࣊ࡢ㸦❧᪉య㸧ࠋࡿ࠸࡚࠸⏝ࢆࣝࢭFig. 8(a)࡟ィ

⟬⤖ᯝࢆὶ⥺࡛♧ࠋࡍὶ⥺ࡢⰍࡣὶ㏿࡟ᑐᛂࠋࡿ࠸࡚ࡋ

ࡀࢀศᒱὶࡢᚋ✺⾪，ࡸ෌ᚠ⎔㡿ᇦࡢศᒱ㒊，ࡾࡼࢀࡇ

ᑐ⛠ࡎࡽ࡞࡟，ὶࢀሙ࡟࣮ࣥࢱࣃࣗࢩࢵ࣓ࡀ౫Ꮡࡇࡿࡍ

ࢀὶࡢศᒱ・✺⾪ࡶ࡚࠸࠾࡟≦ᙧ࡞༢⣧，ࢀࡉㄆ☜ࡀ࡜

 ࠋࡓࡗ࠿ศࡀ࡜ࡇࡿ࠶ࡀㄢ㢟࡟ィ⟬⢭ᗘࡢ
඲，࡜ࡿࡍ࡟ಸ⛬ᗘࢆศ๭ᩘࣗࢩࢵ࣓ࡵࡓࡢᨵၿࡢࡇ

యⓗ࡟⾪✺ᚋࡢᑐ⛠ᛶࡣᨵၿࡀࡿࡍ，ᚠ⎔㡿ᇦࡢὶࡢࢀ

㠀ᑐ⛠ᛶࡀṧࡀ࡜ࡇࡿศࡓࡗ࠿㸦Fig. 8(b)㸧࡛ࡇࡑࠋ，

」㞧࡞ὶࢀሙ࡟ᑐࣝࢭࡿࡍ㠃ࡢ直஺ᛶࢆ☜保࣏࠸ࡍࡸࡋ

ࡢࡑࠋࡓࡗ行ࢆ⟭ィ࡚࠸⏝ࢆࣝࢭ㸦ከ㠃య㸧ࣝࣛࢻ࡬ࣜ

⤖ᯝࢆFig. 8(c)ࠋࡍ♧࡟ὶࡰ࡯ࡀࢀᑐ⛠ࡾ࡞࡟，⾪✺・

ศᒱὶ࡟ࢀᑐࡸࣉ࢖ࢱࣗࢩࢵ࣓࡚ࡋศ๭ᩘࡢ㑅ᢥࡿࡼ࡟

ᩘ್ㄗᕪࡢపῶࡀ᭷ຠ࡛ࡀ࡜ࡇࡿ࠶ศࠋࡓࡗ࠿ 
௨上ࡢ▱ぢࢆ㐺⏝ࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘ࡓࡋᨵၿࣔࢹ

㠃᩿，࡜ࡿࡍẚ㍑ࢆᐇ㦂Fig. 4(a)࡜ィ⟬⤖ᯝFig. 4(c)ࡢࣝ

C௨㝆࡛ὶ㏿࠸㏿ࡢ㡿ᇦࡀᚎ々࡟広ࢡࢵࣟࣈࡽࡀ࡞ࡾࡀ

上㒊࡚ࡗ࠿ྥ࡟ὶࡿࢀᵝᏊࡀゎᯒ࡛ࡶィ⟬ࡾ࠾࡚ࢀࡉ，

ᐇ ࡃࡼ࡜一⮴ࡀ࡜ࡇࡿ࠸࡚ࡋศࠋࡿ࠿ 
 
 
 
 
 

  
(a) Base Mesh Resolution 

  
 
 
 

(b) Increased Resolution 
  

 
 
 

(c) Polyhedral Mesh 
Fig. 8 Improvement in T-Split Flow Calculation 

 
ࣥࣜࢩࠋࡍ♧࡟Fig. 9ࢆẚ㍑⤖ᯝࡢࢻࢵ࣮࣊ࢲࣥࣜࢩ

࡚ࡋ⮴一ࡃࡼCFD࡛࡜PIV ，ࡶὶ㏿ศᕸࡢ内ࢻࢵ࣮࣊ࢲ

ὶࡢ࡜ࡈὶ路ࡿ࠸࡚ࡋ㠃内࡛ศᒱ᩿ࠋࡿ࠿ศࡀ࡜ࡇࡿ࠸

㔞㓄ศࡶẚ㍑ࡶ࡚࠸ࡘ࡟ࢀࡇ，ࡀࡿ࠸࡚ࡋᐇ㦂࡜ゎᯒࡣ

良ዲ࡞一⮴ࠋࡓࡋ♧ࢆ 
 
 
 
 

 
 
 
 
 
 

Fig. 9 Comparison of Cylinder Head Flow 
Between CFD and PIV 
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໬・ィ⟬᪉ἲࣝࢹࣔࡢCFD࡜ヲ⣽⢭ᗘ᳨ド࡞࠺ࡼࡢࡇ

ᨵၿࢺࢵࢣࣕࢪ࣮ࢱ࣮࢜࢘，ࡾࡼ࡟内ࡢὶ㏿ศᕸࡢィ⟬

⢭ᗘࢆ☜保ࠋࡓࡋ෭༷水ไᚚ࡛ࡣὶ㔞ࡀ大ࡃࡁኚࡓࡿࢃ

ࢀࡎ࠸，࠸᮲௳࡛行ࡢ[L/min]130 ,25ࡣド᳨ࡢ上グ，ࡵ

 ࠋࡿ࠸࡚ࡋㄆ☜ࢆ⢭ᗘ࡞良ዲࡶ࡚࠸࠾࡟ὶ㔞ࡢ
 

3.2 エンジンの㠀定ᖖ温ᗘ予測技術 
 ᚑ᮶ࡢᐃᖖ㐠㌿ࡿࡅ࠾࡟ ᗘゎᯒࡢ⇕，ࡣὶࡀࢀ一ᐃ

ࢆࢀ෭༷水ὶࡢᐃᖖ≧ែ，ࡵࡓࡿࡍ⟭ィࢆែ≦ࡓࡗ࡞࡜

CFD࡛ィ⟬ࡢࡑ，ࡋ⤖ᯝࣥࢪ࢚ࣥࢆ本యࡢ ᗘゎᯒࡢቃ

⏺᮲௳࡛࡜ࡇࡿࡍ࡜ண ࡋ࠿ࡋࠋࡓࡁ࡛ࡀ，㠀ᐃᖖ㐣⛬

ື⛣⇕࡛࡜ࡇࡿࡍᙳ㡪࡟஫┦ࡀ本యࣥࢪ࢚ࣥ࡜ὶయࡣ࡛

㔞ࡀኚ໬ࡢࡇ，ࡵࡓࡿࡍᡭἲࡓ࠸⏝ࢆ ᗘண ࡣ㞴ࠋ࠸ࡋ 
 㛤Ⓨࡿࡅ࠾࡟ ᗘࡢ᫬㛫ኚ໬ࡢ重せᛶ࣮ࢲࣥࣜࢩ，ࢆ

࡛ࡲᐃᖖ≧ែࢆࣥࢪ࢚ࣥࠋࡿࡍㄝ明࡟౛ࢆࡳṍࡢࢻࢵ࣊

㐠㌿ࡢࡑ，ࡋᚋ೵Ṇ࡚ࡋ෭༷ࡿࡍ㐣⛬ࡿࡅ࠾࡟ ᗘ࡜ṍ

ࢆᯝ⤖ࡓࡋᐇ㦂࡛ẚ㍑࡜CAE㸦⇕ᛂຊ・ṍゎᯒ㸧，ࢆࡳ

Fig. 10ࠋࡍ♧࡟Fig. 10(a)࡟࠺ࡼࡍ♧࡟，ᚑ᮶ࡢᐃᖖ ᗘ

ゎᯒᡭἲ࡛ࡢ≦ࣉࢵࢸࢫࡣ ᗘኚ໬࠿ࡋ⪃៖࡛ࡓ࠸࡞ࡁ

一᪉ࠋ࠸ࡋ㞴ࡀ ணࡢ⛬ᗘኚ໬㐣 ࡿࡍ成長ࡀࡳṍ，ࡵ

࡛，Fig. 10(b)࡟࠺ࡼࡢᐇᶵࡢ ᗘኚ໬ࢆ⪃៖ࡀ࡜ࡇࡿࡍ

ᗘኚ ，ࡾ࠾࡚ࡋ♧ࢆ⮴一࠸ࡼ࡜ ᐇࡣࡳṍ，ࡤࢀࡁ࡛

໬ࡀಙ㢗ᛶ࡟ᑐ࡚ࡋ㠀ᖖ࡟重せ࡛ࡀ࡜ࡇࡿ࠶ศࠋࡿ࠿ 
 

 
(a) Step-wise Temperature  (b) Transient Temperature 

 
 
 

ࡓࡿࡍ⌧ᐇࢆᨵၿ㈝⇞ࡿࡼ࡟⌮⟶ࡢ本య ᗘࣥࢪ࢚ࣥ 

ࡿࢃኚࡀᗘ ，ࡃ࡞࡛ࡅࡔ᪩ᮇ達成ࡢᶆ ᗘ┠，ࡣ࡟ࡵ

㝿ࡢ⇕ᛂຊ・ṍ࡟ᑐࣥࢪ࢚ࣥࡿࡍ本యࡢᙉᗘࢆ☜保ࡿࡍ

ᙳ㡪ࡿ࠼୚࡟㛤Ⓨࡀ ணࡢᗘኚ໬ ，ࡾ࠶重せ࡛ࡶ࡜ࡇ

，࡜ఏᑟ㸦ᵓ㐀㸧⇕ࡢ本యࣥࢪ࢚ࣥ，࡛ࡇࡑࠋ࠸ࡁ大ࡣ

෭༷水࣒࣮ࣝࣥࢪ࢚ࣥࡸ内㞺ᅖẼࡢᑐὶ㸦ὶయ㸧ྠࢆ᫬

 ࠋࡓࡋ㛤Ⓨࢆ⾡ᵓ㐀ὶయ㐃成ゎᯒᢏࡢ㠀ᐃᖖ，ࡿࡍ⟭ィ࡟
ᡭἲࡢ 本య ᗘணࣥࢪ࢚ࣥࡿࡼ࡟෭༷水ไᚚ，ࡎࡲ

࣮ࢱ࣮࢜࢘ࡿ࠶ὶయ㡿ᇦ࡛，ࡣ࡛ࡇࡇࠋࡿࡍㄝ明࡚࠸ࡘ࡟

ࡢࡘ㸯ࢆ本యࣥࢪ࢚ࣥࡿ࠶ᅛయ㡿ᇦ࡛，࡜ࢺࢵࢣࣕࢪ

ࢆࢫࣥࣛࣂ⇕ࡢ඲యࣥࢪ࢚ࣥ，ࡋᵓ⠏࡛ࣝࢹࣔࣗࢩࢵ࣓

ィ⟬࡛࡜ࡇࡿࡍ ᗘศᕸࢆồࡿࡵ᪉ἲࢆ᥇⏝ࢀࡇࠋࡓࡋ

ኚࡢὶయࠋࡿ࠶ゎᯒᡭἲ࡛ࡿࢀࡤ࿧࡜ᵓ㐀ὶయ㐃成，ࡀ

໬ࡢࢫࣥࣛࣂ⇕ࡿࡼ࡟ኚ໬ࢆ⢭ᗘࡃࡼィ⟬࡛ࡵࡓࡿࡁ，

㠀ᐃᖖࡢ ᗘゎᯒᡭἲ࡚ࡋ࡜㐺ࠋࡿ࠸࡚ࡋ 

 ෭༷水ὶࡃࡌྠ࡜ࢀICONCFD®ࡢࡇ，࡚࠸⏝ࢆᡭἲ

ࠋࡓࡋ㛤Ⓨࢆ⾡㠀ᐃᖖ ᗘண ᢏࡢ本యࣥࢪ࢚ࣥࡿࡼ࡟

Fig. 11ࣥࢪ࢚ࣥ࡟本య，෭༷水㡿ᇦࢀࡒࢀࡑࢆࣝࢹࣔࡢ

本య㸦内ࣥࢪ࢚ࣥ，࡟࠺ࡼࡍ♧࡟Fig. 11(a)ࡣᅛయࠋࡍ♧

㒊ࡢ྾᤼Ẽࡴྵࣈࣝࣂ㸧ࢻ࣮࢛ࣝࣇࢽ࣐ࢺࢫ࣮ࢰࢠ࢚࡜

࡟㠀ᖖࡣࢻ࣮࢛ࣝࣇࢽ࣐ࢺࢫ࣮ࢰࢠ࢚ࠋࡓࡋ໬ࣝࢹࣔࢆ

高 ࡢ࡜ࢻࢵ࣮࣊ࢲࣥࣜࢩ，ࡾ࡞࡟᥋ゐ㒊఩࡟ᑐࡿࡍ⇕

㉳࡟ࢫࣥࣛ࢔ࣜࢡࡢ㒊ရ㛫ࠋࡿ࠸࡚ࡋ៖⪄ࡵࡓࡿ࡞࡜※

ᅉࡿࡍ⇕᢬ᢠࡣ，᥋ゐ⇕᢬ᢠࣝࢹࣔࡾࡼ࡟໬ࠋࡓࡋ  
 

   
(a) Structure Model        (b) Coolant Model 

  
 

 
，ࡣᗘ ࡸࢀὶࡢࢫ࢞↝⇞ࡿ࡞࡜ධ⇕せᅉࡢ࡬ࣥࢪ࢚ࣥ 

1次ඖࣥࢪ࢚ࣥࡢゎᯒࡢ࣮ࣝࢶィ⟬⤖ᯝࢆ㐺⏝ࠋࡓࡋ⇞↝

࠸高࡚࡭ẚ࡟ᗘ ࡢ本యࣥࢪ࢚ࣥࡸ෭༷水ࡣᗘ ࡢࢫ࢞

ࡽࢃኚࡣ࡛ 水 ・ቨࡣ⇕ධࡢࡽ࠿ࢫ࢞↝⇞，ࡽ࠿࡜ࡇ

 ࠋࡓࡋ࡜一ᐃࡣධ⇕㔞，ࡋ௬ᐃ࡜࠸࡞
ࡃ࡞࡛ࡅࡔࡽ࠿ࢫ࢞，ࡣ⇕ධࡢ࡬ࢡࢵࣟࣈ࣮ࢲࣥࣜࢩ

1次，ࡵࡓࡿ࠶ࡶࡢࡶࡿධ࡟࣮ࢼ࢖࡚ࣛࡋ由⤒ࢆࣥࢺࢫࣆ
ඖ࣮ࣔࢼ࢖ࣛ̿ࣥࢺࢫࣆ࡟ࣝࢹ㛫ࡢ⇕ఏᑟࢆ⪃៖ࡋ，ࣛ

࡜௳ቃ⏺᮲⇕ࡢ࡬ᙜヱ㒊఩ࢆఏ⇕㔞ィ⟬⤖ᯝࡢ࡬࣮ࢼ࢖

 ࠋࡓࡋ⏝㐺࡚ࡋ
ࡣᡭἲࡢᵝྠࡶ上࡛ࡿࡍ ணࢆ⇕ᨺࡢ೵Ṇᚋࣥࢪ࢚ࣥ

᭷ຠ࡛ࡢࡇ，ࡾ࠶ሙྜࣥࢪ࢚ࣥࡣ本యࡢࡽ࠿㍽ᑕ，ཬࡧ

内㒊ࡢఏᑟࡢ࣒࣮ࣝࣥࢪ࢚ࣥ࡜㞺ᅖẼὶࡢࢀ㐃成ィ⟬࡜

 ࠋࡿ࠶࡛ࡉ長ࡢホ౯᫬㛫ࡣࡢࡿ࡞␗ࡃࡁ大，ࡀࡿ࡞
ᐈ࠾ࡿ஌࡟ẖ日㌴，ࡣ᫬㛫ࡢ࡛ࡲ෌ጞືࡽ࠿ࣇ࣮࢜࢟ 

ᵝࢆ᝿ᐃ࡜ࡿࡍ一ᬌ⛬ᗘᩘࡾࡲࡘ，ࢀࡽ࠼⪄࡜᫬㛫ࣞ࣋

ゎᯒホ౯ࡢ長᫬㛫࡞࠺ࡼࡢࡇࠋࡿ࠶ᚲせ࡛ࡀ 保ࡢ࡛ࣝ

㠀，ࡃ高ࡀィ⟬㈇Ⲵࡣࡢ࠺㠀ᐃᖖCFD࡛行ࡢ3次ඖ，ࢆ

⌧ᐇⓗ࡛ࠋࡿ࠶一᪉࡛，」㞧࡞ᙧ≧ࡢ㒊ရࡀ㓄⨨ࡿࢀࡉ

ఏࡢᵓ㐀య内ࣥࢪ࢚ࣥ，ࡸᑐὶ↛⮬ࡢ内࣒࣮ࣝࣥࢪ࢚ࣥ

ィ，ࡃࡋ㞴ࡶ࡜ࡇࡿࡍ⌧෌ࡃࡼ⢭ᗘ࡛ࣝࢹ1次ඖࣔ，ࢆ⇕

⟬㈇Ⲵࡢపῶ࡜⢭ᗘࡢ☜保ࡀㄢ㢟࡛ࠋࡓࡗ࠶ 
CFDࡢࢀὶ࣒࣮ࣝࣥࢪ࢚ࣥ，࡟ࡵࡓࡢゎỴࡢㄢ㢟ࡢࡇ

⟭ィ，ࡋᐇ行ࡅࡔ᫬㛫ࡢ一ᐃ࡟஺஫ࢆ⟭ィࡢఏ⇕ゎᯒ࡜

ษ࠼᭰ࡾ᫬࡟CFD࡜ఏ⇕ィ⟬ࡢ⤖ᯝࢆ஺᥮ࡿࡍ௙⤌ࢆࡳ

㛤Ⓨࠋࡓࡋὶ࡜ࢀఏ⇕ࡢゎᯒࢀࡒࢀࡑ，ࡣ࡟࣮ࣝࢶ

ICONCFD® ࡜ ㍽ ᑕ ・ ఏ ᑟ ゎ ᯒ ࣉ ࣟ ࢢ ࣛ ࣒

PowerTHERM®ࣥࢪ࢚ࣥ，࡛ࡇࡇࠋࡿ࠸࡚࠸⏝ࢆ本యࡢ

 ᗘኚ໬ࡀ小࠸ࡉ㛫ࡣ㞺ᅖẼࡢὶࡣࢀ一ᐃ࡜௬ᐃࡋ，

Fig. 10 Difference in Strain Calculation 
by Transient Temperature Profile 

Fig. 11 Mesh Model of Engine 
Conjugate Heat Transfer Model 
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CFDࡢᐇ行㢖ᗘࢆ㛫ᘬ࡛࡜ࡇࡃ，ィ⟬᫬㛫ࡢ๐ῶࢆ行ࡗ

ࢀࡒࢀࡑࡢ⟭ఏ⇕ィ࡜ࢀὶ，ࡾࡼ࡟ࢀࡇࠋ㸦Fig. 12㸧ࡓ

㑅ᢥࢆࡳ᫬㛫้ࡢ⟭㠀ᐃᖖィࡸࣗࢩࢵ࣓࡞㐺ษ࡚ࡋᑐ࡟

ࠋࡓࡋゎỴࢆㄢ㢟ࡢィ⟬᫬㛫࡜⢭ᗘ，ࡁ࡛

Fig. 12 Calculation Method of Engine Soak Simulation

4. 㠀定ᖖ温ᗘ解ᯒの適用

前㏙ᡭἲ࡚࠸⏝ࢆ，ጞື᫬᪼ࡢ ㏿ᗘࢆィ⟬ࡋ，ᐇᶵ

㸦SKYACTIV-D 2.2㸧ࡢ ᗘィ ࡢ࡜ẚ㍑᳨ドࢆ行ࠋࡓࡗ

᪼ ಁ進ࡢᢏ⾡᳨࣓࡚ࡋ࡜࣮ࣗࢽウࡿ࠸࡚ࡋὶ㔞᏶඲೵

Ṇࡢຠᯝ᳨ࢆドࡵࡓࡿࡍ，SKYACTIV-D 2.2ࡢὶ㔞ࢆヨ

㦂ⓗ࡟೵Ṇࡓࡋሙྜ1.75，࡜[L/min]ࡢὶ㔞ࢆὶࡓࡋሙྜ

ጞືࡽ࠿ែ≦ࡓࡋࢡ࣮ࢯ࡛[Υ]25ࠋࡿ࠸࡚ࡗ行ࢆẚ㍑ࡢ

ࡗ保࡟一ᐃࡢPe 100[kPa] [rpm]1500ࢆᅇ㌿・㈇Ⲵ，ࡋ

ᗘ ࡢ本యࡓࢀࡽゎᯒ࡛ᚓࠋࡓࡗ行ࢆ ᗘィ ࡢែ≦ࡓ

ศᕸࢻࢵ࣮࣊ࢲࣥࣜࢩ，࡜ィ Ⅼࡿࡅ࠾࡟ᐇ㦂್ࡢ࡜ẚ

㍑⤖ᯝࢆFig. 13ࠋࡍ♧࡟ 
⢭࡞良ዲࡣᗘ ࡢィ Ⅼ࡛，ࡶ࡚࠸࠾࡟௳᮲ࡢࢀࡎ࠸ 

ᗘ࡛ண ࡛ࡀ࡜ࡇࡿ࠸࡚ࡁศࡓࡲࠋࡿ࠿，水ࡢὶࢆࢀ೵

Ṇࡿࡼ࡟࡜ࡇࡿࡍ᪩ᮇ᪼ ຠᯝࢆ☜ㄆࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍ

 

Fig. 14ࣥࢪ࢚ࣥ，ࡣ࡟೵Ṇᚋࡢ保 ᛶ⬟ࡢண ⤖ᯝࢆ

ᮦ࡛保⇕᩿ࡸ࣮ࣂ࢝，࡚ࡋ࡜㌴୧ࢫ࣮࣋ࢆ㔞⏘㌴ࠋࡍ♧

ᗘ ࡢ長᫬㛫ࠋࡿ࠸࡚ࡋẚ㍑ࢆ 水ࡢ㌴୧ࡓࡋᙉ໬ࢆ 

ኚ໬࡟ᑐ࡚ࡋ，⤯ᑐ್࡟୙一⮴ࢫ࣮࣋，ࡢࡢࡶࡿ࠶ࡣ 

㌴୧ࡢࡽ࠿保 ຠᯝࡣᐇ ࡰ࡯ࢆ෌⌧ࡾ࠾࡚ࡋ，前㏙ࡢ

㐃成ィ⟬ᡭἲ࡛༑ศ࡞⢭ᗘࡢィ⟬ࡀ行ࡀ࡜ࡇࡿ࠸࡚࠼ 

ศࠋࡿ࠿ 

Fig. 14 Result of Coolant Temperature after 4hr Soak 

5. とめࡲ

ከᒱ࡟㠀ᖖ，ࡣ㛤Ⓨࢺ࣓ࣥࢪࢿ࣐࣐࣮ࣝࢧࡢࣥࢪ࢚ࣥ

ࡢࢀࡒࢀࡑ，ࡀࡿ࠸࡚ࡗࢃ㛵ࡀ㇟⌧⇕ఏ࡜ὶయࡿࡓࢃ࡟

࡟⾡㐃成ᢏ，ࡋド・ᨵၿ᳨࡟ಶูࢆࣝࢹ࡚ࣔࡋᑐ࡟㇟⌧

㈝⇞ࡢࣥࢪ࢚ࣥࡢ௒ᚋ，࡛࡜ࡇࡿࡆ࡞ࡘࢆࡽࢀࡑ࡚ࡗࡼ

ᨵၿ࡚࠸࠾࡟重せ࡞，⟄内ቨ ไᚚࡢ㛤Ⓨ࡟㐺⏝ྍ⬟࡞

ண ᢏ⾡ࢆᵓ⠏ࠋࡓࡋ
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Fig. 13 Effect of Coolant Flow Rate in Cylinder Head
Temperature Change 
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