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1 はじめに 

複数の化学種の気体混合流れを、弊社開発の流体ソルバーで解析した例。非圧縮的

な流れのケースであるが、圧縮性流体解析コードで計算している例でもある。 

 

2 解析条件 
2.1 系の形状(メッシュ) 

以下のような形状の系(メッシュ)で計算した。後々の説明のために、図中にあるよう

具合で、流入口、流出口に A, B, C, D と名前を付ける。また 2 箇所の合流部にも E, F
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2.2 ึᮇ᮲௳ 

ࡢࢫ࢞ࠊᗘ㏿ࠊᗘ ࠊᐦᗘࠊ㔞(ᅽຊ⌮≀ࡢィ⟬㛤ጞ࡛ࠊ࡚࠸ࡘෆⅬࡢࣗࢩࢵ࣓

ᡂศ)ࡣ௨ୗࠋࡾ࠾ࡢ 

 

 ್ 

ᅽຊ [Pa] 2.66644d4 

 ᗘ [K] 300.2 

ᐦᗘ [kg/m^3] 0.02153d0 

㏿ᗘ(vx) [m/s] 0.256 

㏿ᗘ(vy) [m/s] 0.0 

ᡂศ 100% H2 

 

 

2.3 ቃ⏺᮲௳ 

2.3.1 ὶධཱྀࠊὶฟཱྀ 

 

 ὶධཱྀ A ὶධཱྀ B ὶධཱྀ C ὶฟཱྀ D 

ᅽຊ [Pa] 2.66644d4 2.6664396d4 2.6664399d4 2.6664387d4 

 ᗘ [K] 300.2 300.2 300.2 (free) 

ᐦ ᗘ 

[kg/m^3] 

0.02153d0 

(H2) 

0.3417d0 

(O2) 

0.02153d0 

(H2) 

(free) 

㏿ ᗘ (vx) 

[m/s] 

0.256 0.0032 0.192 (free) 

㏿ ᗘ (vy) 

[m/s] 

0.0 0.0 0.0 (free) 

ᡂศ 100% H2 100% O2 100% H2 (free) 

• (free)ࢆ್ࡣᅛᐃࠋࡍ♧ࢆࡇ࠸࡞࠸࡚ࡋ 

 

2.3.2 ቨ㠃 

⢓ᛶὶయࠊ࡛ࡢ࡞ቨ㠃࡛ࡢ㏿ᗘࡣ vx, vy ࠊࡣᡂศẚࠊᐦᗘࠊᅽຊࠋࣟࢮࡶ

࣐ࣀࡿࡺࢃ࠸)ࠋ௳᮲࡞࠺ࡼࡿ࡞┤ᆶቨ㠃ࢀࡒࢀࡑࡀࣝࢺࢡ࣋໙㓄ࡢࡽࢀࡑ

ࣥ᮲௳)ࠋ ᗘࡶᇶᮏⓗࡌྠࡣ᮲௳ࠊ᭱ࡀࡔ ୍)x=0.055㏆ࠊࡢቨ㠃ࡿ࠶㒊ୖࡶ

ᯛ┠ࡢᅗࢪࣥࣞ࢜ࡢⰍࡢ⥺ศ㎶800ࠊࡳࡢ(ࡾ K࡛ᅛᐃࠋ 

 

2.4 ≀ᛶ್ 

2.4.1 ⢓ᛶಀᩘࠊ⇕ఏᑟᗘ 
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Ỉ⣲ࠊࡣ࡚࠸ࡘhttp://properties.nist.gov/fluidsci/semiprop/gases/H2.html

 ࠶ ࡿ ࢹ ࣮ ࢱ ࢆ ࠊ 㓟 ⣲  ࡘ ࠸ ࡚ ࡣ ࠊ

http://properties.nist.gov/fluidsci/semiprop/gases/O2.html ࢆࢱ࣮ࢹࡿ࠶ ᗘ

ࡢ 3ḟ㛵ᩘ࡛㏆ఝࠋࡓ࠸⏝࡚ࡋ 

Ỉ⣲㓟⣲ࡀΰྜࠊࡣ࡛ࢻࢵࣜࢢࡿ࠸࡚ࡋ㉁㔞ศ⋡ࡢ㔜ࡓࡅࡘࢆࡳᖹᆒ್ࢆ⏝

࡞࣮ࣂࣝࢯὶయࡿ࠸࡚ࢀࡉᕷ㈍⯡୍ࠊࡀ࠸࡞ࡣ᰿ᣐ࡞ⓗ⌮≀ࡣࢀࡇ)ࠋࡓ࠸

 (ࠋࡿ࠶⡆౽ἲ࡛ࡿ࠸࡚ࢀࡉ⏝᥇ࡶ࡛

 

2.4.2 ᐃᅽẚ⇕ 

Ỉ⣲ࠊࡣ࡚࠸ࡘhttp://www.engineeringtoolbox.com/hydrogen-d_976.html

࠶ ࡿ ࢹ ࣮ ࢱ ࢆ ࠊ 㓟 ⣲  ࡘ ࠸ ࡚ ࡣ ࠊ

http://properties.nist.gov/fluidsci/semiprop/gases/O2.html ࢆࢱ࣮ࢹࡿ࠶ ᗘ

ࡢ 4ḟ㛵ᩘ࡛㏆ఝࠋࡓ࠸⏝࡚ࡋ 

Ỉ⣲㓟⣲ࡀΰྜࠊࡣ࡛ࢻࢵࣜࢢࡿ࠸࡚ࡋ㉁㔞ศ⋡ࡢ㔜ࡓࡅࡘࢆࡳᖹᆒ್ࢆ⏝

 (ࠋ࠸ࡋṇⓗ⌮≀ࡽຍἲᛶࡢ࣮ࢠࣝࢿ࢚ࠊࡣࡽࡕࡇ)ࠋࡓ࠸

 

2.4.3 ᣑᩓಀᩘ 

ᣑᩓಀᩘࠊࡣ⌮ㄽⓗᑟࡿࢀ᥎⟬ᘧ(Bird, Stewart, and Lightfoot (2002); 

Transport Phenomena, John Wiley & Sons, 2nd. Ed.ࡢᘧ(17.3-12))ࡇࠋࡓ࠸⏝ࢆ

ࡢ ᘧ  ࡽ ᚓ ࡽ ࢀ ࡿ ್ ࡣ ࠊ ( Ỉ ⣲  ࡘ ࠸ ࡚ ࡔ ࡅ ࡛ ࠶ ࡿ

ࡢ http://www.nedo.go.jp/informations/other/200716_1/02.pdf(ࠊࡀ p. 13ࡸ p. 30

ࢫ࢞ᴟᛶ↓ࠊࡤࡽ࡞ࡿࡍ⏝ಙࢆグ㏙ࡢ⫣グᩥୖ)ࠋࡿ࠸࡚ࡋ⮴୍ࡰࡣ್ࡿ࠶

ࡣ࡚ࡋᑐ  (ࠋࡿ࠶࡛࠺ࡑࡿࢀࡽᚓࡀ⢭ᗘ࡛᥎ᐃ್ࡢ⛬5%

ࡿࡍᑐᡂศྛࠊ࡚࠸⏝ࢆ್ࡢᣑᩓಀᩘ┦ࠊᕫᣑᩓಀᩘ⮬ࡿࡲồࡽᘧࡢࡇ

᭷ຠᣑᩓಀᩘࢆồࡢࡑࠋࡿࡵලయⓗ࡞᪉ἲࢆ4.2§ࡣཧ↷ࠋ 

 

3 ゎᯒ⤖ᯝ 

3.1 ⣔య(0.50⛊ᚋ) 

3.1.1  ᗘ 

㧗 ቨࡢࡽ⇕ఏᑟ⛣ὶࠊ࡚ࡗࡼୗὶ㒊యࡀ㧗 ࡢࡇࠊ࠾࡞ࠋࡿ࡞

 ᗘศᕸࡣ 0.24⛊ᚋࢇࡽኚࠋ࠸࡞ࡽࢃ 
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3.1.2 ᐦᗘ 

㓟⣲ࡀᏑᅾࡿࡍᡤࡣᐦᗘࡀ㧗ࡢࡇࠊࡓࡲࠋࡿ࠸࡚ࡗ࡞ࡃᅗࡣࡽぢ࡙ࠊࡀ࠸ࡽ

 ᗘࡢ㧗࠸ᡤࡣᐦᗘࡀୗࠋࡿ࠸࡚ࡗࡀ 

 

 

 

 ⥺ὶࡉ㏿ 3.1.3

0.50⛊ᚋࠊࡿࡅ࠾ὶධཱྀ A, B, Cࡽ 0.005 mࡢᡤࡢ⟶ࠊࡢ୰ኸ࡛ࡢ vxࡢ

 ࠋࡿ࠶m/s, 0.0048 m/s, 0.264 m/s࡛ 0.389ࠊࢀࡒࢀࡑࡣ್
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3.2 ⟶㊰ෆ࡛ࡢ㓟⣲ࡢ㉁㔞ศ⋡ 

⟶㊰࡛ࡢ㓟⣲ࡢ㉁㔞ศ⋡ࠋࡍ♧ࢆᣑᩓࡀ༑ศຠࠊ࡛ࡢࡃ➼㧗⥺ࡣ㏿ᗘࡢ᪉ྥ(ቨ

㠃)ᆶ┤ࠋࡿ࡞ὶ㔞ࡀᑠࠊࡀࡿ࠶ࡣ࡛ࡘࡎࡎࢃࠊ࡛ࡢ࠸ࡉὶࢀ㎸ࡿ࠸࡛ࢇᵝᏊ

 ࠋࡿศࡀ
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0.110.110.110.11 ⛊⛊⛊⛊ᚋᚋᚋᚋ    

0.160.160.160.16 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.210.210.210.21 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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3.3 ྜὶ㒊࡛ࡢ㓟⣲ࡢ㉁㔞ศ⋡ 

ྜὶ㒊࡛ࡢ㓟⣲ࡢ㉁㔞ศ⋡ࡢ࣮ࣂ࣮ࣛ࢝)ࠋࡍ♧ࢆ⠊ᅖࠊࡀ๓⠇ࡣኚ᭦࠸࡚ࢀࡉ

ࡀ್ (ࠋὀពࡇࡿ 0.01 ௨ୗ⛬ᗘࡢᡤὀ┠ࠊࡋ㡿ᇦࡢᗈࡾࡀ᪉ࢆぢࢀࡇࠊࡿ

࠸࡚ࡋᣑᩓࡘࡘࡾࢀὶࡢࡽ㊰⟶ࡢୗഃࠊࡀ㓟⣲ࡓࡋฟࡳᰁࡽ㊰⟶ࡢ୰ኸࡣ

 ࠋࡿࡁゎ㔘࡛ࡿ

ྜὶᚋࡢ⟶㊰࡛0.36ࠊࡣ ⛊ᚋ㎶ࠊࡽࡾ➼㧗⥺ࡀቨ㠃ᆶ┤ࡽࡀ࡞ࡾ࡞㐍⾜ࡋ

ࡢ㡿ᇦࡿ࡞ 㧗ࡣࢀࡇࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋᣑᩓ༑ศ࡚ࡗΏ㊰⟶ࠊࡾ࠾࡚

 (ࠋࡓࡏ㍕ᚋ᭱ࡢ⠇ࡢࡇࠊࢆᗘศᕸ ࡢ㏆ࡢࡇ)ࠋࡿ࠶ᡭ๓࡛ࡸࡸ

 

 

 

0.260.260.260.26 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.340.340.340.34 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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0.350.350.350.35 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.360.360.360.36 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.370.370.370.37 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.380.380.380.38 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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ཧ⪃0.36ࠊ࡛ࡲ ⛊ᚋࡢࡇࠊࡢ㡿ᇦ㏆࡛ࡢ ᗘศᕸࢆ௨ୗ㍕ࡢࡇࠋࡿࡏ㏆

ࡣᗘศᕸ ࡢࡇࠊࡢ 0.10⛊ᚋ㎶ࢇࡽࡾኚࠋ࠸࡞࠸࡚ࡋ 

 

 

 

3.4 ὶධཱྀ AࡽධࡓࢀỈ⣲ࡢ㉁㔞ศ⋡ 

 

ᰁࡳฟࡋ᪉ࢆ࣮ࣥࢱࣃࡢ ࡽ⛊0.10 ࡽ⛊0.27ࠊ࡛ࡲ⛊0.13 ࡢ࡛ࡲ⛊0.31

 ࠋࡿࡍ♧ᅗࢆࡇࡿࡍ᮰ࡰࡀ್ࠊ࡛ࡾᚋ㎶⛊0.40ࠊᚋࡢࡑࠋࡿ༊㛫࡛ぢࡢࡘ

⟶㊰ࡢቨ㠃ᆶ┤ࡓࡗࡔ➼㧗⥺ࠊࡀୗഃࡢ⟶㊰ࡢࡽὶࡵࡓࡿ࠶ࡀࢀඛ⣽ࡾ

 ࠋࡿࢀࡽⱝᖸぢࡶᣑᩓࠋࡃ࠸࡛ࢇ㎸ࢀὶὶ㒊ྜࠊࡶࡽࡀ࡞ࡾ࡞

 

 

0.100.100.100.10 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.360.360.360.36 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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ࡢቃࡢ㯤Ⰽࢪࣥࣞ࢜ࡣࡽࡇࡇࠋࡿ࡞࠺ࡼࡢ௨ୗࡿࡍ㐣⤒ࡀ㛫ࡋᑡ࠺ࡶ

ኚὀ┠ࠋቨ㠃ἢ࡚ࡗὶࢀ㎸ࡀࡢࡶࡓ࠸࡛ࢇᚎࠎᣑᩓࠊࡋ⟶㊰࠸ࡥࡗ࠸ᗈ

 ࠋࡃ࠸࡚ࡗࡀ

0.110.110.110.11 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.120.120.120.12 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.130.130.130.13 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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0.270.270.270.27 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.280.280.280.28 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.290.290.290.29 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    



 13 

 

 

 

௨㝆0.40ࠊࡣ⛊௨ᚋࠊ㛫ኚࡰࡀ㉳ࠋࡍ♧ࢆࡇ࠸࡞ࡽ 

 

0.300.300.300.30 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.310.310.310.31 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.400.400.400.40 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    

0.450.450.450.45 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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4 ⿵㊊ 

4.1 ᖹᯈࣘࢬ࣏ὶࢀ 

ᮏゎᯒྛࡿࡅ࠾ὶධཱྀྜྛࡽὶ㒊ࡢ࡛ࡲὶࠊࡣࢀὶయຊᏛࡢᩍ⛉᭩♧ࢀࡉ

࠸ࡋ➼ࡰ(ࢀὶࡢ㠀ᅽ⦰ᛶ⢓ᛶὶయࡿࢀࡉᅽຊᕪ࡛㥑ື)ࢀὶࣘࢬ࣏ᖹᯈࡿ

 ࠋࡿࢀࡽ࠼⪄

 

ᖹᯈࣘࢬ࣏ὶࡢ࡛ࢀ㏿ᗘࠊࡣࣝࣇࣟࣉ⟶㊰ࡢ୰ኸ࡛᭱ࠊቨ㠃࡛࡞ࣟࢮ

ࡿ 2ḟ㛵ᩘ 



















 −−=
2

max, 1
2/

1)(
h

y
vyv xx  

ὶ㔞ࡢὶయࡿࢀὶࢆ㊰⟶ࡁࡢࡇࠋࡿ࠶࡛ Qࠊࡣ 

∫ == hvLdydzvQ xzx max,
3

2
ρρ  

ࢆᖜࡢ⣬㠃ᆶ┤᪉ྥࠊᐃ୍ࡣᐦᗘࡋࡔࡓࠋࡿ࠶࡛ zL  ࡣయ✚ὶ㔞ࠋࡓࡋ

0 

h 

y 

x 

ቨ 

ቨ 

0.500.500.500.50 ⛊ᚋ⛊ᚋ⛊ᚋ⛊ᚋ    
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×=

mm2m/s1.0mm10
min/cm100.8

max,3 hvL
Q

xz
v  

 ࠋࡿ࡞

 

4.2 ᭷ຠᣑᩓಀᩘࡢồࡵ᪉ 

§2.4.3 ࡢ㝿ࡿࡍᣑᩓ✀Ꮫࡢ୍ྠࡀ✀Ꮫࡿ࠶ࠊࡣ᥎⟬ᘧࡢᣑᩓಀᩘࡓ㏙

ಀᩘ࡛ࡿ࠶⮬ᕫᣑᩓಀᩘࡿ࠶ࠊࡧࡼ࠾ࠊᏛ✀ࡢูࡀᏛ✀ᣑᩓࡿࡍ㝿ࡢಀᩘ࡛

 ࠋࡿ࠶࡛ࡢࡶࡿࡵồࢆᣑᩓಀᩘ┦ࡿ࠶

3 ✀௨ୖࡢᏛ✀ࡀᣑᩓ࠺࠶ࡋ⣔ࠊ࡚࠸࠾ࠊࡤ࠼Maxwell-Stefan ᣑᩓ᪉⛬ᘧࡢ

Ⓨᒎ᪉ࡢ࡛ࢪ࣮࣓࠺࠸ࡿࡍᣑᩓࢀࡒࢀࡑ✀Ꮫࡢࠎྛࡀ✀Ꮫࡿ࠶ࠊ࠺ࡼࡢ

⛬ᘧࡀᏑᅾࡢࡇࠋࡿࡍሙྜࠊ᪉⛬ᘧ⣔ࡣ⮬ᕫᣑᩓಀᩘࡧࡼ࠾┦ᣑᩓಀᩘࡀ┤᥋⌧

「ࡀ᪉⛬ᘧࠊ࠼ቑࡀ㡯ࡁࡍ៖⪄ࠊ࡚ࢀࡘࡿ࠼ቑࡀ✀Ꮫ࠺ᢅࡾྲྀࠊࡋࡋࠋࡿࢀ

㞧ࡵࡓࡿࡍゎࠋࡿ࡞ࡃࡃࡁ 

୍᪉࡛ࠊ᪉⛬ᘧࡣ Fickࡢἲ๎ࡢᙧࡿ࠶ࠊࡲࡲࡢᏛ✀ᑐࡿࡍ᭷ຠⓗ࡞ᣑᩓಀᩘ

ࠋࡿࢀࡽ࠼⪄ࡶ᪉ἲ࠺࠸ࡃゎ㏆ఝⓗࢆᣑᩓࡢ✀Ꮫࡢ௨ୖ✀3ࠊ࡚ࡋᑟධࢆࡢࡶ࠺࠸

ࠊྲྀࡤࡽ࡞᪉ἲࡢࡇ ࠋ࠸࡞ࡣࡇࡿࡍ㞧「ࡀ᪉⛬ᘧ⮬యࠊࡶ࡚ࡋቑຍࡀ✀Ꮫ࠺ᢅࡾ

ᘢ♫ࡢࡇࠊࡣ࣮ࣂࣝࢯࡢ᪉ἲ࡛ᣑᩓࢆゎࠋࡿ࠸࡚࠸ 

Ꮫ✀ iᑐࡿࡍ᭷ຠᣑᩓಀᩘ miD ࢬ࣮ࣜࢩὶయຊᏛ್ᩘࠕࡣ 5㸸⇞↝࣭ᕼⷧὶ࣭ΰ

┦ὶ࣭㟁☢ὶయࡢゎᯒࠖ(ᮾிᏛฟ∧)ࡢᘧ(1.19)ࠊ 

( )∑
≠

−
=

ij

ijj

i

i
Dx

x
D

/

1
m  

ࠊࡋࡔࡓࠋࡿ࠸࡚ࡵồ࡚࠸⏝ࢆ ix ✀Ꮫࡣ i ࠊ⋠ศࣝࣔࡢ ijD ✀Ꮫࡣ i  j ┦ࡢ㛫ࡢ

ᣑᩓಀᩘ࡛ࡢࡇࠊࡓࡲࠋࡿ࠶ᘧࠊࡣ 1=ix 㝈ሙྜࡢࡑࠊࡵࡓࡿ࡞ᐃᙧࡁࡢ

ࡣୖࢻ࣮ࢥ⟭ィ)ࡾ 99.0>ix ࠊ(ࡁࡢ iii DD =m ࠋࡓࡋ iiD ✀Ꮫࡣ iࡢ⮬ᕫᣑᩓ

ಀᩘ࡛ࠋࡿ࠶ 


