Laminar or Turbulent flow:
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Laminar: Re <2100
Transitional: 2100 < Re <4000
Turbulent: Re > 4000

Practical engineering problems 10* < Re < 103
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Entrance Region and Fully Developed Flow:
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nar flow: ¢ = o
Laminar flow: D =0.06Re Eq (8.1) For practical engineering
problems:
l, L 20D < ¢,<30D
Turbulent flow: B =4.4Re° Eq (8.2)
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Fully developed

p [«— Entrance flow flow: dp/dx = constant
Entrance
pressure
drop
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Newton’s law: F = ma

Fully developed horizontal pipe flow is merely a balance
between pressure and viscous forces:
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Fully Developed Laminar Flow:

Ideal
Laminar (inviscid)
t(D/2) =1, profile profile
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Fully Developed Laminar Flow:

Velocity profile:
D’ 2 Y ?
u(r)= ap i i =v.|1- Lj Eq (8.7)
160 D R
Flow rate:
0= Iu(r )dA=vA=3v, (ﬂRz) Nonhorizontal pipe:
D’ D’ .
= Eq (8.9 = —sin@
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Poiseuille’s law
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