Friction factor f

For the horizontal series-parallel system of the Figure below, all pipes are 8-cm-diameter asphalted
cast iron (¢ = 0.12 mm) filled with water at 20°C (p = 998 kg/m?, 1 = 0.001 kg/ms). The total flow
rate is Q = 0.0269 m3/s, the lengths of segments A and C are La = 250 m and Lc = 150 m, and
velocity in segment A is Va = 2.06 m/s. Neglect minor losses and find (a) the length of segment B

(Ls), and (b) the total pressure drop (p; — p2)-

L=250m

Values of ( Vd) for water at 60°F (velocity, ft/s = diameter, in)
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1. Solution

(a) Continuity:

Q=0,4+0Q=V, (gdz) + Vp (gdz)

Q V. = (0.0269)

Vg = Ty —V, T 000 — (2.06) =3.29m/s
Ve = ,TQ = 750'0269) =535m/s
742 7(0.08)?
For segment A, B and C:
0.12
== ((10(_)(?5(;))) = 0.0015
(Reg), =2 Vad _ (998)((; '(?063)(0'08) = 164,470 > f, = 0.0229
(Rey)y =2 Ved _ (998)((03_ 'jsi)(o'%) = 262,674 > f = 0.0225
(Rep)e =2 Ved _ (998)((05_ '03053)(0'08) = 427,144 > f, = 0.0222

For parallel segments A and B the head loss is the same:

()= ), = (r55) =(risg).

(0.0229) ((2.06)

%
LB :LAf_A< A

f5

2 2
V_B) = (250) 50225 (3.29)) =99.76m

(b) The energy equation between points (1) and (2) through segment A yields:



o5, (e
—+—+z| =|—+—+2z| +(h), +(h
(Br35+7) = (5vag+2) + 0, ),

Since Vl = V2 y L1 = 2y

(1 —p2) = pg [(hf)A + (hf)c] = P9 K gg>A * < gg);

= (998)(9.81) [(0.0229) (250) (2.06)° +(0.0222) (150 (5.35)%] _ 746,052 Pa
(p1 = P2) = (998)(9.81) | (0. (0.08)2(9.81) © © 0.08)2(9.8D)| "™
Alternatively, through segment B:
(99.76) (3.29)? (150) (5.35)?
(o = p2) = pg|(y), + (1) | = (998)(9.81) [(0.0225) 008 2080 T (922D G osraesn| = 746059 Pa



