Calculations of Flow Rate in a Pipeline
('based on Cutlip and Shacham, 2008, pp. 110-118)
I. Working Equations

The mechanical energy balance is given by

v? =0 )
where the Fanning friction factor is given by:
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and Reynold’s number is given by
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We will use successive substitution to solve for the velocity v using the following rearrangement
of equation (1):
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In addition, we will use the following correlation for the density and viscosity of water:
p=62.122+0.0122T — 1.54 X 107*T? + 2.65 x 107/T3 — 2.24 x 1071074 (5)
= ( 11.0318 + 105751 ) (6)
H=expmih T +214.624
where T isin °F, p is |nf 3 and;usmf—
Il. Additional Data:
€ (surface roughness) 0.00015 ft (for steel pipes)
D (inside diameter) 4.026 in 4” Sch 40
5.047 in 5” Sch 40
6.065 in 6” Sch 40
7.981in 87 Sch 40




I11. Problem Statement
a) Obtain the velocity in ft/s for: T = 60°F, AP = —150 psi,Az = 300 ft,L = 1000 ft,
and 8” diameter Sch 40 commercial steel pipe, using successive substitution.
b) Calculate the flow velocities in ft/s for L =500, 1000, ..., 10,000 ft for different Sch 40
commercial steel pipes of nominal diameters: 47, 5, 6” and 8.

1VV. Solution

a) Fill-in the spreadsheet such as the one in Figure 1.

A B C D E F G H
1
2 Velocity in Pipeline
3
4 Data T degF
2 ;ps Ifrt‘ eps/D
7 dP psi
8 dz ft
9 L ft
50 eqn 5
11 |props |rho %—-‘_
12 mu fts)
13
14 [constants|gc 32.174| lbm ft/(Ibf 572) j eqn 6
15 g 32.174 ft/s82
16 N

Figure 1. Sample setup

then build the columns for successive substitution as in Figure 2.



A B C D E F G H
17 Successive substitution:
18
19 Iteration Re fricfactor] v k v_k+1 err

20 _
21
22 egn 3
23
24
25 eqgn 2
26
27
28
29
30 10
21

Wl |~J|o || &

Figure 2. Successive substitution table.

b) Build a data table by referring to address of converged value for velocity but varying the
value of L and D.



