
𝑄𝑄 ,𝑄𝑄 , 𝛿𝛿𝛿𝛿 𝑄𝑄 𝒖𝒖

𝛿𝛿𝛿𝛿 = 𝑄𝑄 + 𝒖𝒖 ⋅ 𝛻𝛻 𝑄𝑄   

𝑄𝑄 𝜌𝜌,𝑝𝑝, 𝑐𝑐 ,𝐾𝐾, 𝜇𝜇, 𝝉𝝉, 𝒆𝒆,𝒗𝒗 =
𝜕𝜕𝒖𝒖/𝜕𝜕𝜕𝜕

𝑥𝑥,𝑦𝑦 𝑧𝑧 𝒈𝒈 = (0,0,−𝑔𝑔)

𝝉𝝉, 𝒆𝒆
𝜏𝜏 = −𝑝𝑝 𝑧𝑧 𝛿𝛿

𝒆𝒆

  𝑒𝑒 =
1
2
𝜕𝜕𝑢𝑢
𝜕𝜕𝜕𝜕 +

𝜕𝜕𝑢𝑢
𝜕𝜕𝜕𝜕   

𝜌𝜌
𝐷𝐷𝒗𝒗
𝐷𝐷𝐷𝐷 ≡ 𝜌𝜌  

𝜕𝜕𝒗𝒗
𝜕𝜕𝜕𝜕 + 𝒗𝒗 ⋅ 𝛻𝛻 𝒗𝒗 = 𝛻𝛻 ⋅ 𝝉𝝉+ 𝜌𝜌𝒈𝒈  

𝜕𝜕/𝜕𝜕𝜕𝜕 = 0
𝛻𝛻 ⋅ 𝝉𝝉𝒐𝒐 = −𝛻𝛻𝑝𝑝 (𝑧𝑧) = −𝜌𝜌 0,0,−𝑔𝑔   



𝒖𝒖

𝛿𝛿𝛿𝛿 + 𝜌𝜌 𝛻𝛻 ⋅ 𝒖𝒖 = 0 𝜌𝜌 + 𝛻𝛻 ⋅ 𝒖𝒖𝜌𝜌 = 0

𝛿𝛿𝛿𝛿 = 𝑐𝑐 𝛿𝛿𝛿𝛿 =
𝐾𝐾
𝜌𝜌 𝛿𝛿𝛿𝛿

𝑝𝑝 + 𝒖𝒖 ⋅ 𝛻𝛻𝑝𝑝 = 𝐾𝐾 𝜌𝜌 + 𝒖𝒖 ⋅ 𝛻𝛻𝜌𝜌

   𝑖𝑖, 𝑗𝑗 = 𝑥𝑥,𝑦𝑦, 𝑧𝑧 , 𝑒𝑒 = 𝑒𝑒 + 𝑒𝑒 + 𝑒𝑒
𝛿𝛿𝛿𝛿 = (𝐾𝐾 − 2/3𝜇𝜇)𝑒𝑒 𝛿𝛿 + 2𝜇𝜇𝑒𝑒 𝜏𝜏 = 𝐾𝐾 − 2/3𝜇𝜇 𝑒𝑒 𝛿𝛿 + 2𝜇𝜇𝑒𝑒 − 𝜌𝜌 𝑔𝑔𝑔𝑔 𝛿𝛿

𝜌𝜌
𝜕𝜕 𝒖𝒖
𝜕𝜕𝑡𝑡 = −𝛻𝛻 𝛿𝛿𝛿𝛿 + 𝜌𝜌 𝑔𝑔𝑢𝑢 + 𝛿𝛿𝛿𝛿 − 𝑢𝑢

𝑑𝑑𝜌𝜌
𝑑𝑑𝑑𝑑 𝒈𝒈 𝜌𝜌

𝜕𝜕 𝒖𝒖
𝜕𝜕𝑡𝑡 = −𝛻𝛻𝑝𝑝′+ 𝜌𝜌′𝒈𝒈  

𝜌𝜌
𝜕𝜕 𝒖𝒖
𝜕𝜕𝑡𝑡 = 𝛻𝛻 ⋅ (𝛿𝛿𝝉𝝉− 𝜌𝜌 𝑔𝑔𝑢𝑢 𝑰𝑰)+ 𝛿𝛿𝛿𝛿 − 𝑢𝑢

𝑑𝑑𝜌𝜌
𝑑𝑑𝑑𝑑 𝒈𝒈 𝜌𝜌

𝜕𝜕 𝒖𝒖
𝜕𝜕𝑡𝑡 = 𝛻𝛻 ⋅ 𝝉𝝉′+ 𝜌𝜌 𝒈𝒈

𝑢𝑢 ,𝑢𝑢

𝑢𝑢 = 𝑢𝑢

𝛿𝛿𝑝𝑝 = 𝛿𝛿𝑝𝑝 𝛥𝛥𝑝𝑝 = 𝑝𝑝 − 𝑝𝑝 = − 𝜌𝜌 − 𝜌𝜌 𝑔𝑔𝑢𝑢

𝛿𝛿𝛿𝛿 = 𝛿𝛿𝛿𝛿 = 𝛿𝛿𝛿𝛿
𝛿𝛿𝛿𝛿 = 𝛿𝛿𝛿𝛿 = 𝛿𝛿𝛿𝛿 = 0

𝛥𝛥𝜏𝜏 = 𝜏𝜏 − 𝜏𝜏 = 𝜌𝜌 − 𝜌𝜌 𝑔𝑔𝑢𝑢
𝜏𝜏′ = 𝜏𝜏′ = 𝜏𝜏′ = 0

𝛿𝛿𝛿𝛿 = 𝛿𝛿𝜏𝜏 = 𝛿𝛿𝜏𝜏 = −𝛿𝛿𝛿𝛿 𝜏𝜏′ = 𝜏𝜏′ = 𝜏𝜏′ = −𝑝𝑝′

𝒖𝒖 = 𝒖𝒖

𝛿𝛿𝝉𝝉 = 𝛿𝛿𝝉𝝉𝒂𝒂 𝛥𝛥𝜏𝜏 = 𝜏𝜏 − 𝜏𝜏 = 𝜌𝜌 − 𝜌𝜌 𝑔𝑔𝑢𝑢
𝜏𝜏 = 𝜏𝜏 , 𝑖𝑖 ≠ 𝑗𝑗



𝑔𝑔 = 0)

𝒖𝒖

𝒖𝒖

exp  (𝑘𝑘𝑘𝑘 +𝑚𝑚𝑚𝑚 − 𝜔𝜔𝜔𝜔)

𝑧𝑧 = 𝑧𝑧
𝑧𝑧 = 𝑧𝑧 = 𝑧𝑧 + 𝑑𝑑 𝑣𝑣 , 𝛿𝛿𝛿𝛿 𝑑𝑑 𝑐𝑐 𝑔𝑔

𝐻𝐻 = −𝜌𝜌 /(𝑑𝑑𝜌𝜌 /𝑑𝑑𝑑𝑑)

𝑣𝑣 (𝑧𝑧 )
𝛿𝛿𝛿𝛿(𝑧𝑧 ) = 𝐴𝐴 𝑑𝑑 ,𝜔𝜔, 𝑘𝑘,𝑚𝑚, 𝑐𝑐 ,𝑔𝑔,𝐻𝐻 ,𝜌𝜌 𝑣𝑣 𝑧𝑧

𝛿𝛿𝛿𝛿 𝑧𝑧 =
𝑎𝑎 𝑎𝑎
𝑎𝑎 𝑎𝑎

𝑣𝑣 𝑧𝑧
𝛿𝛿𝛿𝛿 𝑧𝑧

𝐴𝐴 𝛿𝛿𝛿𝛿(𝑧𝑧 ) = 0

𝑣𝑣 (𝑧𝑧 ) = 0 𝑎𝑎 = 0

𝑐𝑐 ≡
𝜔𝜔
𝑘𝑘 = 𝑑𝑑 𝑔𝑔 −

𝜔𝜔
2𝑘𝑘 𝐻𝐻

tanh 𝑀𝑀𝑀𝑀
𝑀𝑀𝑀𝑀 ,  



𝑀𝑀 ≡ −𝑚𝑚 =
𝜔𝜔
𝑐𝑐 +

𝑘𝑘
𝜔𝜔

𝑔𝑔
𝐻𝐻 −

𝑔𝑔
𝑐𝑐 − 𝑘𝑘 −

1
4𝐻𝐻

𝐻𝐻
𝐿𝐿

𝑣𝑣 (𝑧𝑧 )
𝛿𝛿𝛿𝛿(𝑧𝑧 ) = 𝐴𝐴 𝐴𝐴 …𝐴𝐴 𝑣𝑣 𝑧𝑧

𝛿𝛿𝛿𝛿 𝑧𝑧 = 𝐵𝐵 𝑣𝑣 𝑧𝑧
𝛿𝛿𝛿𝛿 𝑧𝑧 = 𝑏𝑏 𝑏𝑏

𝑏𝑏 𝑏𝑏
𝑣𝑣 𝑧𝑧
𝛿𝛿𝛿𝛿 𝑧𝑧

𝐵𝐵 𝑏𝑏 = 0

𝑔𝑔𝑔𝑔 1− 𝑔𝑔𝑔𝑔/4𝑐𝑐
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