














Chemical Engineering 374

Fluid Mechanics

Turbulent Pipe Flows

Big whorls have little whorls
That feed on their velocity
And little whorls have lesser whorls
And so on to viscosity
--Lewis Richardson

I am an old man now, and when | die and go to heaven there are
two matters on which | hope for enlightenment.
One is quantum electrodynamics, and the other is the
Turbulent motion of fluids.
About the former | am rather optimistic.
--Attr. to Horace Lamb 1
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Channel Flow Simulation
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FIGURE A-12
The Moody chart for the friction factor for fully developed flow in circular pipes for use in the head loss relation /i, = /E 7 Friction factors in the
R enle: eD 251
twrbulent flow are evaluated from the Colebrook equation - = =2 logy ( it

Summary
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Consider pipe flow. P m - '
Question: How to simplify the
above equation? L '
Friction balances pressure drop.
To find pressure drop for pipe/
fluid, and velocity (flow rate): /D 251
- Getf Colebrook f 2]Og< * Re\/f )
« f=f(Re) )
+ GetRe = pDv/u szlslog @Jr(e D)
— Plug solve equation for AP_ Haaland V7 R 3.7




Example

D=0.05m

Water flow in a smooth pipe:

p = 1000 kg/m3, + Solve Re 2> f >AP_ > h > Power
u=0.001 kg/m*s > *+ Re=pDv/u:
v=1E-6 m?/s — Needv:

- v=V/A=V/(=D¥4 = 2m/s
» Re =100,000

*  Colbrook > f=10.0178
e AP =flLpv2/2D = 35600 Pa

Find AP, h;, Power

Question: What is happening physically?
Question: What do | know? * h.=APlpg=3.63m

Question: What do | want? + Power=VAP =140 W
Question: What relationships do | have?
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