ChE 374-Lecture 16-—Laminar Flow

e QOutline

— Chapter 8 takes us through the next exam
— Laminar Pipe Flows (today)

— Turbulent Pipe Flows

— Minor Losses (valves, fittings, etc.)

— Pipe Networks

— Flow Meters.

e Reynolds Number (Re = pDv/u, or Re = Dv/v). YOU MUST KNOW THIS.

— Characterizes pipe flow
* Turbulence transition at Re=2300 in pipe flows.
* Ratio of inertia to viscous forces, or ratio of diffusive to convective timescales.

e Entrance Region

g Flows must develop: Steady, but changing downstream until fully developed.

— An initally uniform flow hits a no-slip condition at the wall. To preserve mass, the interior region
speeds up.

|

A boundary layer develops (B.L. separates region where viscous effects have been communicated,
or felt).

Entry Length: L,/D = 0.05Re for laminar, and L, /D = 10 for turbulent.

* Must correct for laminar, but ignore for long pipes when turbulent.

|

Pressure drop greatest in the entry region.
e Velocity Profile
— u = u(r): 1-D problem.

— Do a force balance on a cylindrical shell: Pressure and viscous forces.

— Take limit as Az and Ar — 0 — a PDE.
. _OP _ 1orr
dx — r dr "
— Left side is f(x) and right side is f(r) so each side equals a constant.
* That is, dP/dz is constant.

— Solve for r with BC. 7r=0atr =0.

fr=-g
— Now use 7 = —,uf'i—? (note the sign: 7 is + to right, but du/dr is negative.
— Insert and solve for u with B.C. u =0 at r = R.
* u(r) = —% (% (1 - %ir)
- Parabolic, u(R) = 0, u(0) = umaz.
© Ugyg = % S udA = *%%}- = Umaz /2.

— Note: a4y is constant over length, so integrate over length:
(**) Py — P = AP = 25402k (Note sign).

—Recallrz—(%)garw:—(% %=_(%)%,

* Integrate over the length — 47, = %.

- TRADEOFF BETWEEN PRESSURE AND FRICTION.

— Ratio of friction to inertia:

4ty _ 8y _ 2APD
pv2[2 pugug Lpugny
- Works for laminar or turbulent.

— For laminar, insert (**) for APD/L — f = 64/Re.

*

= f = the Darcy Friction factor.
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