
𝐸 − 𝑆 + 𝐺 = 𝐴
𝜌𝑣௫|௫𝛥𝑦Δ𝑧-𝜌𝑣௫|୶ା୼୶Δ𝑦Δ𝑧Δ𝑡 + 𝜌𝑣௬ห

୷
Δ𝑥Δ𝑧Δ𝑡-𝜌𝑣௒|୷ା୼୷Δ𝑥Δ𝑧Δ𝑡 + 𝜌𝑣௭|୸Δ𝑥Δ𝑧Δ𝑡-𝜌𝑣௭|୸ା୼୸Δ𝑥Δ𝑧Δ𝑡=𝜌|୲ା୼୲Δ𝑥Δ𝑦Δ𝑧 − 𝜌|୲Δ𝑥Δ𝑦Δ𝑧

𝜌𝑣௫|௫ − 𝜌𝑣௫|௫ା୼୶

Δ𝑥
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝜌𝑣௬ห
௬

− 𝜌𝑣௬ห
௬ା୼୷

Δ𝑦
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝜌𝑣௭|௭ − 𝜌𝑣௭|௭ା୼୸

Δ𝑧
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ =

𝜌|୲ା୼୲ − 𝜌𝑣|୲

Δt
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝜕𝑓

𝜕𝑥
⎯⎯⎯= lim

௛→଴

𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝜕

𝜕𝑥
⎯⎯⎯(𝜌𝑣௫) +

𝜕

𝜕𝑦
⎯⎯⎯൫𝜌𝑣௬൯ +

𝜕

𝜕𝑧
⎯⎯⎯(𝜌𝑣௭) +

𝜕𝜌

𝜕𝑡
⎯⎯⎯= 0

𝜕𝜌

𝜕𝑡
⎯⎯⎯+ ∇ ⋅ (𝜌𝑣) = 0

𝜕𝜌

𝜕𝑡
⎯⎯⎯+ ∇ ⋅ (𝜌𝑣) = 0

∇ ⋅ (𝜌𝑣⃗) ∶ 𝐴𝑑𝑣𝑒𝑛𝑐𝑡𝑖𝑜𝑛
𝜕𝜌

𝜕𝑡
⎯⎯⎯∶ 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛

∇ ⋅ 𝑣⃗ = 0

𝐸 − 𝑆 + 𝐺 = 𝐴
𝑋 𝑎𝑥𝑖𝑠 𝑜𝑛𝑙𝑦:
𝜌𝑣௫𝑣௫|௫𝛥𝑦Δ𝑧Δ𝑡-𝜌𝑣௫𝑣௫|୶ା୼୶Δ𝑦Δ𝑧Δ𝑡 + 𝜌𝑣௫𝑣௬ห

୷
Δ𝑥Δ𝑧Δ𝑡-𝜌𝑣௫𝑣௬ห

୷ା୼୷
Δ𝑥Δ𝑧Δ𝑡 + 𝜌𝑣௫𝑣௭|୸Δ𝑥Δ𝑦Δ𝑡-𝜌𝑣௫𝑣௭|୸ା୼୸Δ𝑥Δ𝑦Δt +

𝜏௫௫|௫𝛥𝑦Δ𝑧Δ𝑡 − 𝜏௫௫|௫ା୼௫𝛥𝑦Δ𝑧Δ𝑡 + 𝜏௬௫ห
௬

𝛥𝑥Δ𝑧Δ𝑡 − 𝜏௫௬ห
௬ା୼௬

𝛥𝑥Δ𝑧Δ𝑡 + 𝜏௫௭|௭𝛥𝑥Δ𝑦Δ𝑡 − 𝜏௫௭|௭ା୼௭𝛥𝑥Δ𝑦Δ𝑡 + 𝑃|௫𝛥𝑦Δ𝑧Δ𝑡 −

𝑃|௫ା୼௫𝛥𝑦Δ𝑧Δ𝑡 + 𝜌𝑔௫𝛥𝑥Δ𝑦Δ𝑧Δ𝑡 = 𝜌𝑣௫|௧ା୼௧𝛥𝑥Δ𝑦𝛥𝑧 − 𝜌𝑣௫|௧𝛥𝑥Δ𝑦𝛥𝑧

𝜌𝑣௫𝑣௫|௫-𝜌𝑣௫𝑣௫|୶ା୼୶

Δ𝑥
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝜌𝑣௫𝑣௬ห
௬

-𝜌𝑣௬𝑣௬ห
୷ା୼୷

Δ𝑦
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝜌𝑣௫𝑣௭|௭-𝜌𝑣௫𝑣௭|୸ା୼୸

Δ𝑧
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ +

𝜏௫௫|௫ − 𝜏௫௫|௫ା୼௫

Δx
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝜏௬௫ห
௬

− 𝜏௬௫ห
௬ା୼௬

Δy
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝜏௫௭|௭ − 𝜏௫௭|௭ା୼௭

Δz
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

+
𝑃|௫ − 𝑃|௫ା୼௫

Δx
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ + 𝜌𝑔௫ =

𝜌𝑣௫|௧ା୼௧ − 𝜌𝑣௫|௧

Δ𝑡
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝜕𝑓

𝜕𝑥
⎯⎯⎯= lim

௛→଴

𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝜕

𝜕𝑥
⎯⎯⎯(𝜌𝑣௫𝑣௫) +

𝜕

𝜕𝑦
⎯⎯⎯൫𝜌𝑣௫𝑣௬൯ +

𝜕

𝜕𝑧
⎯⎯⎯(𝜌𝑣௫𝑣௭) +

𝜕

𝜕𝑥
⎯⎯⎯𝜏௫௫ +

𝜕

𝜕𝑦
⎯⎯⎯𝜏௫௬ +

𝜕

𝜕𝑧
⎯⎯⎯𝜏௫௭ +

𝜕

𝜕𝑧
⎯⎯⎯𝑃 − 𝑝𝑔௫ +

𝜕

𝜕𝑥
⎯⎯⎯(𝜌𝑣௫) = 0

𝑆𝑜:

𝜕

𝜕𝑡
⎯⎯(𝜌𝑣) + ∇ ⋅ ൫ρvሬ⃗ vሬ⃗ ൯ + ∇ ⋅ τሬ⃗ + ∇P − 𝑝𝑔 = 0

𝑅𝑒𝑠𝑢𝑚𝑒𝑑:

𝜌
𝜕𝑣⃗

𝜕𝑡
⎯⎯⎯+ 𝜌𝑣∇ ⋅ 𝑣⃗ + Δ ⋅ 𝜏 + Δ𝑃 − 𝜌𝑔 = 0

Only newton flows:

𝜌
𝜕𝑣 ⃗

𝜕𝑡
⎯⎯⎯⎯+ 𝜌𝑣∇ ⋅ 𝑣⃗ + μΔଶ𝑣⃗ + Δ𝑃 − 𝜌𝑔 = 0
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