Chemical Engineering 374

Fluid Mechanics

Single Pipelines

Pipelines with friction losses 2
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One equation in One Unknown

Pick Two Points Carefully




Problem Types 3

Types | and |V are easy.

* Types Il, lll require iteration
+ Parameters: AP, L, D, V, u,p, ¢
« Equations:
@ Re =pDv/u
@ f=f(Re, ¢/D) Problems |, Il, lll from Swamee-Jain

Relations

- 2
@ AP =fLpv?/2D See Book Page 380

Type | Procedure 4

@ Re =pDv/u
@ f=f(Re, /D)
® AP =fLpv2/2D

Find Pressure Drop
Solve Re from (1)

+ Solve f from Colbrook Eqn. (2) etc.
Solve AP from (3)




Type |l Procedure

@ Re = pDviu
@ f=f(Re, ¢/D)
@ AP =fLpv2/2D

* Find Flow Rate (velocity)
* Implicit: v appears in (1), (2), (3)
* lterate (several ways)

1. Guess f as fully turbulent (where Moody levels off)
2. v from (3)

3. Refrom (1)

4. ffrom (2) OR
5.

Repeat to convergence

o s~ 0N =

Guess Re
Compute f from (2)
v from (3)

Re from (1)
Repeate

Type Ill Procedure

@ Re = pDviu
@ f=f(Re, ¢/D)
@ AP =flLpv2/2D

* Find Pipe Diameter

* Implicit: D appears in (1), (2), (3)
» lterate (several ways):

Guess D

Re from (1)

f from (2)

D from 3

Repeate

a0 bd=




Type IV Procedure

@ Re =pDv/u
@ f=f(Re, /D)
® AP =fLpv2/2D

* Find Pipe Length
* Solve (1), for Re

+ Solve (2) for f

» Solve (3)for L

» The iterative methods use a fixed point procedure where the output
of the last step is the input of the first step.
— Just repeate until the guessed variable stops changing
— May not converge.
» Can make two guesses, then compute the two resulting variables,
then interpolate the guess to to the desired result
— Type 3 example
* Guess D - solve for AP,
» Guess another D - solve for AP
+ Linear interpolation of D to desired AP between two known points

Dy — D,

Dyew = D1+ (APyant — APl)m




System Demand Curve

* An iterative approach amounts to solving the problem many times.

— Can instead just solve a simpler problem for all values of the parameter and
make a plot.

— Then read off the solution from the plot.
+ System Demand Curve
* Type 3 example: plot AP for many values of unknown D.
— Guess many values of D,
— Compute Re from (1)
— Compute f from (2) Do for each D
— Compute AP from (3)
* Interpolate solution from result
» Or read off the plot S
+ Alternatively l

— Solve system of nonlinear equations
« Excel Solver (or goal seek)
* Mathcad solve block

What about power and head loss?

If given power instead of pressure drop, just
relate:

= Power = VAP

= Can replace AP in (3) with W /1

Flow rate is related to velocity as

» P=A*v =q/4*D2*y

h.= AP,/ pg

If have fittings, replace (3) with

02
ap =S T

2
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Example 1

Water at 60 °F > p = 62.36 Ibm/ft3, u = 7.536E-4 Ibm/ft*s
D=2in

¢ =0.000084 in

V=0.2ft3s

L =200 ft

Find AP, h,, Power

TYPE 1 PROBLEM

Solve Re, then f, then AP, then h,, then Power

Re = pDv/m
— v =4U/nD2=9.1673 ft/s
- Re=126310

Colbrook - f =0.0174 (solve on calculator)

AP = fLpv?/2D = 54713 Ibm/ft*s? =11.81 psi

h, =AP/pg = 27.3 ft

Power = VAP = 0.618 HP = 461 W

If on an incline, AP = fLpv2/2D - AP - pgLsin6 = fLpv2/2D

— The combined term is the loss due to friction, > h,_is the head loss from friction, and power is power to
overcome the frictional losses. The total power needs to account for the elevation change as well (higher or
lower power)
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Example 2

Air at 1 atm, 35°C - p = 1.145 kg/m3, u = 1.895E-5 kg/m*s
- L=150m
- ¢ =0 (smooth)

- V=0.35mds Fx) =0 > solve f
_ X) = solve 1or X
= hy =20 m (max) Write Colbrook Eqn. in this form
— Find D /D
1 € 2.51
Type 3 problem 77T T2os (W + Reﬁ>
Guess and check
1 ¢/D 251
— D> Re~>f>h_ - repeate F(r):;+210g<§+R”>:0
System demand curve F(z0)
— See Matlab, Excel solutions T=4%20~ zZlTF
T lz=x9

— Specify D, compute head loss: D> Re > f > h,

— Solve the Colbrook equation with Newton’ s method
Use Haaland Equation as an initial guess.




Example 3

« Airat1atm, 35°C - p = 1.145 kg/m3, u = 1.895E-5 kg/m*s
— L=300m
- ¢ =0 (smooth)
— D=0.267m
— h. =20 m (max)
— Find v
* Type 2 problem
» Guess and check by hand
— Re > f-> vfrom (3) > Re from (1) > repeat
* Re =100000 > 71068.5 > 68543 >68273 > 68244 - converged
- V=Av=nD?/4 =0.237 md/s
» Or, do system demand curve as before.
* Or, solve system of equations (see mathcad)

Economic Pipe Diameter and Pipe Sizes .

+ See attached book section from de Nevers (1991), Fluid
Mechanics for Chemical Engineers

» Pipe costs, pump costs, maintenance costs.

» Key result: for water, the economic velocity is 6 ft/s =
1.88 m/s.
— For a given flow rate, pick the diameter to give 6 ft/s.

» See attached table of pipe sizes.
— (Just because it’ s a half inch pipe doesn’ t mean is 0.5 inches)

























