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Roughness Values for Ducts: 
 

Material Condition e (mm) 

Steel Sheet metal, new 0.05 

 Stainless, new 0.002 

 Commercial, new 0.046 

 rusted 2.0 

Iron Cast, new 0.26 

 Wrought, new 0.046 

 Galvanized, new 0.15 

Brass Drawn, new 0.002 

Plastic Drawn tubing 0.0015 

Glass - Smooth 

Concrete Smoothed 0.04 

 Rough 2.0 

Rubber Smoothed 0.01 

 

 

 

 

 

Sudden Expansion and Contraction Losses

(h minor = KV
2
/2g ); V  is based on the smaller pipe (d )
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Entrance loss coefficient: K = 0.5 (sharp edge) 

Exit loss coefficient: K = 1.0 (any edge shape) 

Pipes 
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Basics 
 

g = 9.8 m/s
2
 

ρwater = 998 kg/m
3
 

Patm = 101.3 kPa 

V = ui + vj + wk 
τ = µ du/dy 

ν = µ/ρ 

SG = ρ/ρH2O 

Ideal gas: P = ρ RgasT 
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Pgage = Pabs − Patm 
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Hydrostatics 
 

gp
rr

ρ=∇  

p2 – p1 =  ρg(z1 – z2) 

Fbuoyant = +ρwgVsubmerged 

W = +ρogVTOT 

ρo/ρf = Vsubmerged/Vo 

–∇∇∇∇p +ρ(g – a) = 0 
geff = g – a 

 

Bernoulli 
 

p0 = pdyn + pstat 

pdyn =  ½ρV
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Dimensional Analysis 
 

Re = ρUL/µ 

Fr = V
2
/gh 

CD = F/(½ρΑV
2
) 

Π theorem: (n – m) Π groups. 

Pipe Flow 
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where ρτ /* wallu = , 

           B = 5, and κ =0.41 
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Boundary Layers 
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Integral Conservation Laws 
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Potential Flow 
 

ζζζζ = ∇∇∇∇ ×××× V = 2ωωωω 

Streamlines: dy/dx = v/u 

Irrotational, 2D, steady: ∇2ψ =0 

)(1 yfvdx +−= ψ  

)(2 xfudy ++= ψ  

∆ψ = Q/b 

φ∇=
vv

V   u = ∂φ/∂x, v = ∂φ/∂y 

Irrotational, steady: ∇2φ =0 

 ⋅=×∇= sdVdAVΓ
rrrr

 

w(z) = φ + iψ, where z = x + iy 

yx ivv
dz

dw
−=  

Lift: L = wρ U∞ΓTOTAL 

Differential Conservation Laws 
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Basic Frictionless Compressible Nozzle Information for Air 

 

cp = 1005 J/kgK  cv = 718 J/kgK   R = 287 J/kgK   k = 1.40 

 

Functions valid everywhere on either side of a standing shock: 

p RTρ=     a kRT=   0lim 2 Tcv p=  
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  Ma as a function of A:  
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Property changes immediately across the shock (1  2): 
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