Bernoulli's Equation, solve for v,_(ignoring height change component)
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Darcy-Weisbach equation, solve for AP:
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Blasius equation for Fanning friction factor ( f), curve fit for smooth pipe 2100 < Re < 100000

D,pe =15 mm
2 2
vy =1.08-10"7 4= (1.003-10"") T_
S S

0.0791 . . . L
f(Re):= — Blasius equation calculates the Fanning friction factor f. The Darcy

Re " friction factor f,, is 4x the Fanning friction factor.
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Friction Coefficient vs Reynold's Number, Blasius Equation
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Flow Velocity vs. Reynold's Number, Using Pipe Dimensions
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Pipe flow parameters:

Lpipe =20m
ft2 m’
Varer=1.08-107° £ =(1.003.107%)
S S
kg .
Puwater = 1000 — Water Density
m
v,:=0 i Initial Velocity
S
P,:=5 bar Pressure at start of pipe
P,:=1 atm Atmospheric Pressure
D,;,e=15 mm Pipe Diameter
7T -DpzpeQ 2 . .
Aie = T =176.715 mm Calculate Pipe Exit Area



Iterative Solve Block to find flow out of

ipe (balance between flow rate and

ressure loss due to flow in

pipe):
Vg:i= 1 E
S
m3
2 Vieri=1 — Guess values for iterative
2 hr solver, numeric solutions
; P,.:=1 bar shown below.
3
O 4
Rep:=8.5-10
fp=0.018
M T Bernoulli egn., calculating flow from pressure difference.
(Py—Pyyss) = P2+5. Puater* Vo Model assumes P, pressure is reduced by Py, due to flow
friction
P vy
055 = e Puater | (V2 Darcy-Weisbach Eqn.
Lm‘pe 2 Dpipe
k= 0.0791 : 1
g fp=4. - Blasius Egn. for estimating f from Rej. Converted to
g Rep, Darcy factor using factor of 4.
O
vy D, . . .
Rep=_2 %% Re,, calculation for pipe flow
Viater
_ Vot = Apipe* Vo Volume flow calculation for pipe flow
[ spsa™ ]
| s I
| ot
. | (9.814-107") 2|
>
S | . |
Ans:=find (vy, Vot » Pioss» Rep, fp) =| (3.833:10°) Pa |
I 8.303-10" I
| 0.019 |




Iterative Solver Solution:

Uy 1= Ans =5.554 %

3

Vot oyi=Ans =3.533
- 1 hr

Vdot_sol =15.555 gpm

Pioss so1= Ans2 =3.833 bar
Rep =Ans =8.303 10"

fD_.SOl = AnS4 =0.019

Calculated flow speed

Calculated volume flow rate
(m~3/hr and gpm shown)

Calculated pressure loss due to flow rate in pijpe

Calculated flow Reynold's number

Calculated Darcy friction coefficient from Fanning friction
factor in Blasius Egn.



