ChE 374-Lecture 20-Pipe Networks

e As we often consider flow in single pipes, pipe networks are the rule not the exception.

e Series and Parallel Pipes.

e Series Flow

— Total flow rate is constant by mass conservation.

— Total pressure drop is that through each individual section.

* Includes minor losses.

- For expansions and contractions, losses “belong” to the smaller pipe.
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— Type I problem: Know D, L, Flow, — get AP;,.

*

Calculate Re, f, APy, in each section and add upp the pressure losses in each.

— Type II problem: Know APy, D, L, find V.

*

*
*
*

Produce a system demand curve for each pipe: APy, vs. V.

V is constant and APy, = YA Pri

Add the curves vertically to get Vit curve and read off Vot for given pressure loss.
Or, write equation APy, =}~ APy, ; explicitly and solve nonlinear equations.

— Type III or IV problems: Find D or L. This doesn’t count: not unique.

— Mathcad example for Type II problem.

e Parallel Pipe Networks.

Total flow rate is the sum of the flow rates in individual pipes.

Pressure drop is the same through each pipe connected to the same two junction points.

Type I problem: Flow rate known in a given pipe, AP unknown:

*

Compute APy, in known pipe as usual, then with AP;, known in the other pipes,
compute flow rate as a usual Type II problem.

Type II problem: Pressure drop known, compute flow rates.

*

Compute a type II problem in each pipe as usual.

— Type I propblem: Total flow rate known, pressure drop unknown (hard).

*

Draw a system demand curve for each pipe. Add horizontally to get the total flow
rate versus pressure drop curve. Then for known total flow, pressure drop is known
and read off the flow rates through each pipe at that pressure drop. Or, once pressure
drop and total flow are known, solve type II problem in each pipe.

Can also solve system of nonlinear equations, equating pressure drops through each

pipe and the expression for pressure drop in terms of flow rate and total flow rate
is the sum.

e Can devise complex networks, applying the above principles

— Like Kirchoff’s laws for electrical networks, but harder since we have nonlinear systems
of equations.

* Use a multi-dimensional version of Newton’s method (ChE 541).
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