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   continuity    𝑚̇𝑚 = ∫ 𝜌𝜌 𝑉𝑉�⃗𝐴𝐴 ·  𝑛𝑛�⃗  𝑑𝑑𝑑𝑑  =    ρ𝑉𝑉�⃗ A  steady, 1-d flow 
 
   fluid shear  τ = µ 
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                 wall shear,   τ𝑤𝑤 = µ�𝑑𝑑𝑑𝑑
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   x-momentum      ∑ 𝐹𝐹𝑥𝑥 =  ∫ 𝑉𝑉�⃗𝑥𝑥 𝜌𝜌 𝑉𝑉�⃗𝐴𝐴 ·  𝑛𝑛�⃗  𝑑𝑑𝑑𝑑    steady flow 
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 + gZ = constant         steady, incompressible, frictionless, work = 0 

 
   Reynolds number, ReL =  

𝜌𝜌 𝑢𝑢 𝐿𝐿
µ

 
 

   Pipe flow     
𝑃𝑃1
𝜌𝜌𝜌𝜌

 + 
𝑢𝑢1

2

2𝑔𝑔
 + 𝑍𝑍1 = 

𝑃𝑃2
𝜌𝜌𝜌𝜌

 + 
𝑢𝑢2

2

2𝑔𝑔
 + 𝑍𝑍2  + ℎ𝑓𝑓 + ℎ𝑚𝑚 

 

    ℎ𝑓𝑓 = 
𝑓𝑓𝑓𝑓
𝐷𝐷

 𝑢𝑢�
2

2𝑔𝑔
              f  =   64

𝑅𝑅𝑅𝑅𝐷𝐷
   laminar flow                 ℎ𝑚𝑚 = K 𝑢𝑢�
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   Drag coefficient, CD = 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
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       Mach number, M = 

𝑢𝑢∞
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       c = speed of sound = √𝑘𝑘𝑘𝑘𝑘𝑘 

 
 
    PV = mRT  = n R T     Ideal gas (T > 2*Tcrit, P < 10 MPa)                                 u ≈ uf @ T;   v ≈ vf @ T   Subcooled liquid 
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       First law for control volume 
 
   q  + h1 +  ½ 2
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+ gZ2           Single-inlet, single-exit, steady flow 
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) – g(Z2 – Z1)        Reversible, steady flow 

 
 
   
 
 
 
 


