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Exercise 4.

• Conservation of Linear Momentum with RTT Eq. (3.16)
– Setting 𝐵𝐵syst = 𝑚𝑚�𝑣𝑣 syst, 𝛽𝛽syst = �d𝑚𝑚�𝑣𝑣

d𝑚𝑚 syst
= �𝑣𝑣syst, gives:

d
d𝑡𝑡

𝑚𝑚 �𝑣𝑣 syst = ∑ �𝐹𝐹 = d
d𝑡𝑡 ∫CV �𝑣𝑣𝜌𝜌 d𝑉𝑉 + ∫CS �𝑣𝑣𝜌𝜌( �𝑣𝑣𝑟𝑟 ∘ �𝑛𝑛)d𝐴𝐴 (Eq. 3.35)

– Note the LHS remains if external forces acts on the system:

d
d𝑡𝑡

𝑚𝑚 �𝑣𝑣 syst = 𝑚𝑚d �𝑣𝑣syst
d𝑡𝑡

+ 𝑣̃𝑣syst
d𝑚𝑚
d𝑡𝑡

= 𝑚𝑚 �𝑎𝑎syst = ∑𝐹𝐹sys𝑡𝑡

• The relative velocity �𝑣𝑣𝑟𝑟 is used in (3.35), for moving CV
– �𝑣𝑣𝑟𝑟 = �𝑣𝑣 − �𝑣𝑣𝑠𝑠, where �𝑣𝑣𝑠𝑠 is the velocity of the CV
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Exercise 4.

• Bernoulli's equation
– Combine the continuity and linear momentum equations along a streamline
– Assume steady-state d

d𝑡𝑡
= 0 , friction less (no viscous effects) and incompressible 

d𝜌𝜌
d

= 0 flow, gives:

𝑝𝑝1 + 𝜌𝜌𝑣𝑣12

2
+ 𝜌𝜌𝜌𝜌𝑧𝑧1 = 𝑝𝑝2 + 𝜌𝜌𝑣𝑣22

2
+ 𝜌𝜌𝜌𝜌𝑧𝑧2 Eq. (3.54)

– Can be used to convert between different types of pressure in the system.
– Is a type of energy conservation.
– Can be extended to include energy losses/addition between 12 as:

𝑝𝑝1 + 𝜌𝜌𝑣𝑣12

2
+ 𝜌𝜌𝜌𝜌𝑧𝑧1 = 𝑝𝑝2 + 𝜌𝜌𝑣𝑣22

2
+ 𝜌𝜌𝜌𝜌𝑧𝑧2 + Δ𝑝𝑝friction − Δ𝑝𝑝pump + Δ𝑝𝑝turbine Eq. (3.73)
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