CHAPTER EIGHT

REYNOLDS NUMBER, LAMINAR FLOW,

TURBULENT FLOW, AND ENERGY LOSSES
DUE TO FRICTION

0.20ft'/s  144in’

3

S =229 fs; D= 4.0 in(1 ft/12 in) = 0.333 ft
7(4.0iny’ /4 ft?

81 o= 2=
A

_uDp _(2.29)(0.333)(1.26)(1.94)
T on 7.5x10°
L. from App.D

=249 Laminar

82 Lot Ng=4000= oD/ v=438 x 107 ft¥/s—App. A; D = (2/12)ft

-6
o= Nav _ 4000(4.38x10°) o ft 03048m o0, m
D 2/12 s ft S

8.3 Lel Ny = 2000 = uDplu
_ Npp 2000(4.0x107)

Uy = = =0.894 m/s
Do (0.10)(0.895)1000)
2
O=Av= ”(0‘1;) MY 0.894 m/s = 7.02 x 10° ms
84  v=(Q/M= iziﬁ—fi; = 10.72 fs; D=0.1723 ft
0.02333 1
. ) s}
a) Np= vb :(_1{1?2)(0_1:7;?3)_ =1.53 x 10% (v from App. A)
¥ 1.21%10
by Ne= 222 z90'72)(0‘”23_z“'53) =~ 4,28 x 10° (p, u from App. B)
P 6.60x 10
g Ne PDP QOTDOINASG ey ooy
1 1.36 % 10
¢
O Nee t).Dp:(10.?2)(0.91;’231){5(_);8?)(1.)4) ~328x10° (4 from App. D)
1% DX i

vDp QDp  QDp  40p Do A40p 40

R.5 NR == = 3 = : i T e RS~
M A 7’ zpdd mN, nNwv
M
4
3
0= 40 Limin x — /5 — 6667 10° m¥s: Let Ny =2000
60000 L/min
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%) - _ H6.667 x 107°)  4.244x10°  4.244 x107°
7(2000)(v) v 6.56 x107
3-in Type K copper tube—D = 73.8 mm

=(.0647 m = 64.7 mm

4244 x 107(680)

b)) D= =5 =(.101 m; 5-in tube, D = 122 mm

2.87% 10

-8

¢) Dpin= 4.244 x 10 _(3790) =(.0186 m; E-in tube, D= 18.9 mm

1.8 % 10° 4

-8

d) D= 4244 x 10 _(1906) =359 %107 m; -lw-in tube, D = 4.57 mm

1.07 x10 8

Smallest listed
-
6 Ny = va: = vbp (2.97)(0.0,?49)(890) =412 x 102 Pa-s
7 N, 5x10
. 3
U=Q: 8.50Lﬂ'r1:131n2>< Im’/s — =297ms
4 4768x107 m* 60000 L/min
From App. D, oil must be heated to 100°C for SAE 10 oil.
8.7 Autoe. Hydraulic Gil Medium Hydraulic Qil
4011 .
At212°F N, = vh w =5.11 x 10" turh. Np= w = 5.11 x 10° turb.
v 7.85 x10 7.85 =10°

_ (00401 _ oo _ 10(0.4011)

= 5563 turh.
430 %107 R g2 X107 ur

At104°F N,

oD _ (3.06)(0.0475)

8.8 Np = = 1.12 x 10> Turbulent
v 1.30x10
- 3
Uz__Q_: 325Lr‘m31n . im'/s = 3.06 mis
A 1.7712x107" m~ 60000 L/min
89 Np=D2_ O89)00243)B60) _ 476, 10* Turbulent
P 3.95x10
. 3
p= Q- BUmin Im899 ms
A4 4.636%10%m 60000 L/min
810 Ng= sz-@ =662 x 10° Turbulent
v 3.60x10
. 3
b= Q_: 15.01!111111 “ Im/s — 178 /s
A4 1.407x10° m® 60000 L/min
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8.11

8.12

8.13

8.14

8.15

8.16

8.17

B.18

8.20

96

Np= P2 BN _g 59, 197
v 1.40x10
3 M
_Q ISR oo
A 192012
3
pe @040zl lhr L o728
4 br 748gal 3600s 2029x10° ft
Np= VPP _ (O.732)0.00508X088)1.99) _ 1 ooy oine
H 6.2x10~
N, = PDP _ (OT30)000508Y088)A94) _ o0y L

H 1.90x 107
Note: sg of 0il may be slightly lower at 160°F.
vDp v N (4000)(4.01x10°)

Np= - = 0.424 ft/s
P Dp  (0.2423)(1.56)

0 =Av= 4609 x 107 ft* x 0.424 ft/s = 1.96 x 107 ft'/s

0 45 L/min tm’/s

== ®

4 2812x10%m® 60000 L/min

. VD _ (2.67)(0.01892)(0.89)(1000)
o= -

J7; 8x107°
Note: w from App. D.

=2.67 m/s

U:

=5,61 x10° Turbulent

vDp _(2.67)(0.01892)(890)

N =
o 3.0

= 15.0 very low—Laminar

: 3
% 45 L/min 1m’/s = 0.423 nv/s

= >
1.772%107 m? 60000 L/min
vDp  (0.423)(0.0475)(890)

o 8x107

0=

= 2237 Critical Zone

NR:

vDp _(0.423)(0.0475)(890)

Ny =
) M 30

= 5,97 very low—Laminar

. 3
e ©Q  1.65 gal/min N 1ft'/s - 14.65 fi/s

_ D (14.65)(0.01788)

N,
By 237x107

= 1105 Laminar

vD _ (14.65)(0.01788)

120107 = 6237 Turbulent
v 20x%

NR:
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Changing from laminar flow, through critical zone, into turbulent flow could cause erratic
performance. Also, o= 14.65 {t/s is quite high, causing large pressure drops through the

system.
- 3
821 4= 2-20glmin IS 0004 8 o 5iin Sch. 40 pipe
v 10,0ft/s 449 gal/min
A=0.1390 ft*, D = 0.4026 ft
3
Actual u= Q“—"W = 8.01 ft/s
A 0.1390
N, = vDp _ (8.01)04026)(2.13) _, o 104
P 3.38x10°*

_ N _ 2000(1.21x107° fi*/s)
D 0.062] ft
For Ny = 4000, v, = 2(0.3897 ft/s) = 0.7794 ft/s
O; = Av, =(3.027 x 107 f%)(0.3897 ft/s)
= 1,180 x 107 f/s x 0 0D
ft'/s
@, = 0.530 gal/min—Lower Limit
0. =20, = 1.060 gal/min—Upper Limit

822 v =().3897 fi/s

8.23  (See Prob. 8.22)
b Ney _ (2000)3.84x10°)
b 0.0621

=0.1237 ft/s; ;y =20, = 0.2473 ft/s

0: = A, = (3.027 x 107 f3(0.1237 ft/s) x ﬂ—‘}-g%i‘ﬂﬂ = 0.1681 gal/min
k)
0, =20, = 0.3362 gal/min
. -5 02 i
824  p=130csx LOTOXIOTIYS 0 107 s
1cs
3
0= 45 galfmin x —05 20,1002 s
9 gal/min
V= ~Qv=-—--—-m—-———0'1002 ftjs - = 14.65 fi/s
A 6842x10° f
No= VD (14.65)(0.0?533) 078 x 10°
y 14010
s 2
825 y=170csx LM o 1o
1cs
. 3
o= gz 215Umln _x 1m’/s 7142 s
A 5.017x10°m* 60000 L/min
N, DD _O1ADO05Y) oo

v 10%107
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8.26

8.27

8.28

8.29

98

107° m?/s

v=1.20¢8 x ———— =120 x 107° m¥s
lcs
- 3
U:Q_: 200Um1n g Im’/s =869 s
A 3.835x10%m* 60000 L/min
Ny= 2D _EENO022D) _, 66 10°
v 1.20x10
v’ vl
&+z, +——h, :fi+zz +—2 o=
7 2g 7, 2g
pPr—p2= “{o[z2 -z, + hL]
No- uD,o:(0.64)(0.0243)(0.§6)(1000) = 787 (Lainar) f= 52 = 00813
s 1.70x10" N,

2
60 64 _, o
0.0243 " 2(9.81)
P1— P2 =(0.86)(9.82 KN/m")[-60 m +4.19 m] = ~471 kN/m” = ~471 kPa

2
n=7 LY 00813x
D2g

2 2

£}—+z] +El——hL :-‘!'i-2-+z,41 e U= D52 =5 pr— P T Yl
Y 2g Ve 2g
SQ_ _12obmin | ImBS g sre
A 1.407x167° m= 60000 L/min
1.528)(0.0134
Np= P2 B0 505 10% (turbulent)
3.83x10
D/e = 0.0134/1.50 x 107 = 8933; Then f= 0.0205
2 2
Lo 45 (1528 o9

hy= [ = =(0.0205)
D2g 0.0134 2(9.81)

P~ P2 =Yy = 9.56 KN/m® x 8.19 m = 78.3 kN/m” = 78.3 kPa

Let Ng = 2000; = 64/N, = 0.032; Ny = 222
u
- -4
_ Negt__(Q000X83x10%) o

Dp  (0.3355)(0.895)(1.94) -
LV 100 (2.85)

hy= f = =(0.032)- ft =1.20 ft=1.20 ft-Ib/Ib
D2g 0.3355 2(32.2)

Chapter 8



2 2
830 Laz o Pap =frig o

Vs 2g 7, Zg
Pe=PatYolz, — 2z, ~h, ]
—4
_ Nust _ (800)(4x10™) — 0.717 fi's
Dp (0.2557)(0.90)(1.94)

2 2
v’ _ 64 5000 (O71T)° _ . p

=g LD 64
D2g 800 02557 2(32.2)

AT

2
: ﬁ = 37.3 psig

P = 50 psig + (0.90)(62.4 Ib/ft*)[-20 ft ~ 12.5 ﬂ]

2 2 v

g3t Ly +3——k Ll zz+i)~2-: 21=230 D1 = Oy pr— = Vel = nf e
Yo 2g Y 2g D2g
: 3

. Q 20Lfrn1:1 . tm/s  — 0719 m/s

A4 4636x10° m® 60000 L/min

2 k| . 2

921:8.6231(1\1)( $ ><10 .lekg m/s = 879 ke/m’

g m 98Im kN
Ny = vDp (0.719)(0.0243)(879) _ 1.89 x 10*

4 3.95x10°
D/e = 0.0243/4.6 x 10~ = 528: Then f= 0.027

2
100 X (6.719) m = 25.2 kN/m’ = 25.2 kPa
0.0243  2(9.81)

Py — p2 = 8.62 kN/m’® x 0.027 x

832  From Prob. 8.31, p1 — ps = Vb A =p) pzr"h

1

_ (1035 - 669)kN/m® _ - _ LY

9.81kN/m’ D2g

/= h D2g :(3?.3)(0.03388)(22)(9.81) 0048

Lv® (30)(4.16)

. 3

. Q_  2251/min o Im.fs = 4.16m/s

A 9.017x10™m* 60000 L/min
Ny = V2 L B1OHO003388) 06 10°: Then £ = 55 for £~ 0.048

1% 1.30x10 g

g = D/55=0.03388/55=6.16 x 10*m
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8.33 12 v P, v; Pt. 1 at tank surface, p; =0, v, =0
;—+Zu+5§“hs:=}—+zz+"2_g Pt. 2 in outlet stream, p, =0
- D =0.5054 ft
h::zl“ZQ,ﬁh}_'i_ b, A=02006ﬁ2
2g
3
o= 2= OS5 46 1us
A 0.2006 f
D (12.46)0. )
Np= P2 Z(ZA00309) _ 6 eq 105 2= 024 3360 r=0.0165
v 9.15%10 £ 15x10
2 2 2
her L VLY po165x 30 (2407 (246 _ 40,y
D 2g 2¢ 0.5054 2(322) 2(32.2)
L
834  FromProb.831, py —ps =yl =vw f =2
D 2g
3
p= Lo 13O g 4o fiss
A (150 ft)Y4
Np= P2 _BAULI0) g 49, 105, D 1504 =3750; f=0.0158
v 14010 £ 4x10
Lv* _ 62416 5280ﬂ L(BA9P RO 1 ,
=y X — =305 psi
D 2g ft* 1 SOft 2(32.21t/s*)  144in’
3
8.35 (O =1500 gal/min x __iﬂfs_ =334 1t'/s
449 gal/min
] 3 6
po=2 = _3&’52 = 6.097 fs; o=t 6O97) o574
A, 054794 Zg 2(32.2)
d 2
a) &”1 +ﬂw_h‘,‘s :-&i+z +9—— Pi. T at tank surface, g, =0,v, =0
- 2g Y 2g
2
zy—Zn=h= p—“+£"—+hL
Vo 2
D .
Np= P _ (609710 8_‘:’5) 4215105 22 98B 5567 0 00155
v 1.21x10 £ 15x10
=LY = (0.0155) % —2— % 0.577 fi = 0.482
D2g 0.835

-3 A2
p= 22 6‘2 411; m;z‘“ +0.577 + 0.482 = 12.60 ft
mn R .
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Pa U
by A4z A eh +h =Stz
y ° 2 :-f " 2g

_ Qg 334 ft*/s
A, 03472 1t

R

=0.62 ft/s

v -0} _(85-5) Ibft’ (144in%)
2g 4 in(62.4 )t

, (9.62 ~6.09T )/’

2(32.2 ft/s’)

N, = ODa (9.62)(0.6(:51)
sy 121x10

Die= —9-—@21—: =4434: f=0.016
15 x 10

}JA:M"‘(ZB‘"ZA)*' + 25

W

+85.9=3004 ft

=529 x 10°

2600 (9.62)°
0.6651  2(32.2)

6241b 334f°  hp
e s 5501t-ib/s

=89.9 f

Luv
h = f——=(0.016)x
1, fDZg ( )

Py = hyy,Q= 3004 ft x =113.8 hp

836 p 2 D, U2 Pt. 1 at well surface (p, = 0 psig).

AN Y A S + 2z, + Pt. 2 at tank surf:
y i 2g A i ¥ 2¢ L=3§La1;1)s ace.

ha= 224z, —2)+h,

745 gal)< th 9 1 fts
h 60 min 449 gal/min

Q _0.0277 s

A

0= = 0.0277 ft'/s

= ——————— =461 ft/s in pipe

0.0060 ft’ PP
= &:w =13133 % 10* B:M =583: f=0.0275
v 1.21x107 g 1.5x10

2
b= f 3{1_‘3”(00 275120 4Ol o
D 2g 00874 2(32.2)

U:

Ny

=14.54 ft

_ (401b)ft* (144 in*)
in?(62.4 b)ft®
P, = hoyO = (226.8 f1)(62.4 1b/f3)(0.0277 f*/s)/550 ft-Ib/s/hp = 0.713 hp

+ 120 +14.54 =226.8 {t

4

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
AND ENERGY LOSSES DUE TO FRICTION

101



Pt. 1 at tank surface. v; =0
Pt. 2 in outlet stream. p, =0

y, 28 " v, = 2g

2
i)y
Plzf’w[:(zz Zl)+ +h :|
2g

. 3 2 z
_ Q_?Sgal;’mu’t>< ift'/s xlleb’s-}i—z(“'S) 2167 ft

T T 0014140 449 galimin . 2g 2(32.2)
Ne= PR _ULBO1) ) o g B2 B2 g5 10,0225
v 121x10 £ 15x10

By = f£—;3§—(00225) 320 (2.167 ft) = 109.0 ft

2
p= E%__‘_‘Jl%[ 3ft+2.167 ft + 1090&] ﬁ - = 46.9 psi
ft’

8.38 v 2 Pt. 1 at tank surface. p;=0; v, =0
P r Iy " s U
},I+Z +*E+k ~h, = ;*Z +”2”;; Pt. 2 in hose at nozzle.

Pt. 3 in hose at pump outlet.
s = Uy
2
a) — pz Z .
. 3 % 2
. ¢ 9% Lf’rrlm2 y Im'/s =323 mle: v (3.23). ~0.530 m
A x(0.025m)" /4 60000 L/min 2¢g  2(9.81)
Ny = 220 _ G200 _ 4 4y 10%: 1=0.021 (smooth)
P 2.0x107
Lv
hy=f = TP (©. 021)—(0 530)m =37.86 m
= BN 5 40,530+ 37.86 m = 58.67m
(1.10)(9.81 kN/m’)
= hyQ = (58.67 m)}(1.10)(9.81 kKN/m*)}(95/60000)m™/s = 1.00 kN-m/s = 1.00 kW
2 2
b) 23»1-23 s -h, ~£—2—+Z b2 p3=prt(ze—20) By
Y 2g y 2g

Py = 140 kPa + (1.10)(9.81 kN/m*)[8.5 m + 37.86 m] = 640 kPa
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839 0= 1200 L/min x 1 m*/s/60000 L/min = 0.02 m’/s

1 2

Q0 0.02m'/s CIEE
= Z o T 0 = 1189 m/s i

A 1.682x107 m? i

LV
a)  Pr-pr=VHL TN ff
2= P : f D 7g
Ny= vDp _ 1.189(0.1463)(930) _, ooy o
i 0.15
64 \( 3200 )(1.189)
2= ps = Y.hy = (0.93)(9.81 KN/m’ =853 kPa
Pz pa = Yol = (093X )(10?9)(0.1463] 2080
2 2
b) iU—‘+z,-F-L—)‘——Jrhd—k,:£1+z1+v—3:p1=p3,Ulﬂu_@,,2:1=23
¥ 2 oy 7 2g
2
ha=hy = SO _g5 50,
(0.93)(9.81 kN/m*)

Py= hayO = (93.5 m)(0.93)(9.81 KN/m*)(0.02 m’/s) = 17.1 kN-m/s =17.1 kW
840 At 100°C, p=7.9x 107 Pas

a)  With pumping stations 3.2 km apart:
N = vDp _ (1.189)(0.1463)(930)
M 7.9%107°
Die=10.1463 m/4.6 x 107 m=3180; f=0.026
hy=h = f £U—2:(0.026) 3200 (1.189)°
D2g 0.1463 2(9.81)

Py=hyQ=(40.98)(0.93)(9.81)(0.02) = 7.48 kW

= 2.05 x 10" turbulent

m =40.98 m

2

by  Leth, = 93.5 m (from Prob. 9.13): i, = f =2
Dlg

_ 1,D(2g) _ (93.5 m){(0.1463 m)(2)(9.81 mis’)

L
55 (0.026)(1.189 my/s)?

= 8682 m = 8.68 km
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841 p, o} Pe U; Pt. 1 at tank surface. p;=0, v, =0
Stz bRy =z R 900 L/min 1 m*/s
u 2g Y 2g 0= _ =0.015 m"s
2 60000 L/min
| (z ——B -k . 3
p y1&|:( 1 ) L:I D= __Q_'= 0015113;;8 - — -['99 n‘]J"S
A 7.538x107 m
Ny = 39:%:1.50“05: _12:_992_8? = §5333: f=0.0165
v 1.30x10 e 15x10
2
b= F L2 00165305 LIV 5 gas
D2g 0.098  2(9.81)
(1.99)
ps=9.81 kamg{lzﬁ 2(9.81) —2.735 [m = §9.9 kPa
3 PR
842  O=50 gal/min x _--l-f‘-{i—_m =0.1114 ft'/s: o= sz = 18.56 ft/s
449 gal/min A4 0.0060 ft
2 4
&+2‘+BL+;,A_;&:*”2 2 =0, 0=0=0
e 2g Y 2g
4= Pv(z,—z) 4k
Np= 2D _ABSONO0879) 5y 00 22 2082 _ 563 70,024
v 1.21x10 £ 15x10
2
h= f £;’—~~(t)()2 322 U836 5 a5

00874 2(322)

_ (40 Ib)ft* X1441n

in? 6241 fi?
Py = by = (647 f1)(62.4 1/f)(0.1114 £/5)/550 = 8.18 hp

+220 ft+335ft =647 ft

A

{(b) Increase the pipe size to 1 1/2-in Schedule 40, Results: v = 7.88 ft/s; Np = 8.74 x 10%
Dig = 895; f=0.0232; Then, , = 37.5 ft; h; = 349.8 ft; Power = P, = 4.42 hp.

b3 2

8.43 P—‘-+z]+—{—)i~~—hL 2, ~ Py =Yl
Yo 2g Yo
. _ s
uxg _ 60 gal/min N lftfs. _ 9,45 fi/s
A4 0014141 449 gal/min
. . 94)(1.94 .
Ne= vDp _ (9.45X0 1342)(({394)( 94) _ 272 T aminar
,u 8.5x10
-rL vt 04 40 O4 4 _gr3p
D 2g 272 0.1342 2(32 2)
2
P1— P2 ="Yolty = (0.94) (62ﬁ4 b) (97.23 ft) Ift = 39,6 psi

104 Chapter 8



2
8.44 —‘0—’5~+2A +~{f—"—+h/i —h, = Pu + 2z +
Y g Y 2g
2 2
fa= 2" 4 p g, $ P8 U gy
4 2g
3
Dy = Q_ 05087/ ’ISZ =728 ft/s: vp= Q. 0% 15.03 fi/s
A 0.06868 1t A, 0.03326
N, - v,Dp _ (15.03)(0.2058)(1_.:)26)(1.94) 154 % 10°
oy 4.0%10
D 02058
e = 1372:; f=0.020
£ 1.5x10™ f
b4 2
= 2P 0020030 (W30 5 Loo0gh
© D2g 0.2058  2(32.2)
25.0 —(—3.50)]Ib ft* 144 in* 03)2 — (7,28 fi/s?
. = (330)]bf N go g SO OB g8 f =174
in?(1.026)(62.41b) ft 2(32.2 ft/s%)
Py=hyQ=(174.1 f)(1.026)(62.4 Ib/ft)(0.50 ft*/s)/550 = 10.13 hp
D Dp 4 4
845  Ny= 2 p _9Dp _ Q;O N Q‘O:Dmhsﬁ
73 Au =D P 7D aN,

4
3 2 4
p.. - H090f ls)(1.24)(‘.1?.941b-52fﬂ ) - 0.184 11
2(300)(5.0%10° b-s/ft>)

2 1/2-in Type K Copper Tube: D = 0.2029 ft: 4 = 0.03234 f*

3
_Q_ 090 oo

b= =
A 00323417
vDp _(27.8)(0.2029)124)1.94) _,.,

N =
T 5.0x107
L v 64 55 (278 b I
P2 = Y = v e e = (1.24)(62.4) — x X -2
PP =Yk =0 s = () s X 0502 2062.0) 12 144 in”
=411 psi
2 2 Pt.1at pump outlet in pipe.
846 Byzaop =Lryg D pRIpORTEL PP
7. 2g oy, g Pt.2 at reservoir surface. p, =0,0, =0
2 4.00 ft'/s
N N 4 =2 =200 11 5o
m Y{(Zg z) 2g+h’l A 034724

oD (152006651 _ ¢33, jo5; B2 96881 _ yiss: rmg.0155
z 15%10

121x10°
= 5 L0 00155). 220 G152 4 1901
D2g 0.6651 2(32.2)

2 2
L PTG PSR L S
ft 2(32.2) 144 in

Np=
v
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8.47

8.48

8.49

106

2 P, v Pt. 0 at pump inlet.

—'6,—°+zﬁ+u—“+kA——+ +—
Y., 2g Y. 2g Pt.1at pump outlet.
; 2= D [142,1 _(_2,36)]]}) Assume z, =z, U, =y,
4= =
Y. (62.4 1b/ft*)Y(in*)(1 ft*/144 in?)
hy=333.5 it-Ib/th
333.5ft-1b 62416 4001 1hp
Pi=hoyQ= : : - =151h
= k@ b e s 550fi-T/s P
2 2 3
&+2A+_Ui h, = pBJrzBJrU_ u22=—--—-—-~4'25ﬂ£§=7.76ft}s
7, 2g ¥ 2g A 0.5479f1
Pa=ps+ v (s~ za) + By Assume sg = 0,68
N, = qu:(7.76)(0.83592(1.32) 119 % 10° 2 From App. D.
P 7.2x10
D 0.8350
—=— =5567; f=0.0145
g 1.5x107 4
b= f £~‘-’---_0.0145- 3200 G769 _519p
D 2g 0.8350  2(32.2)
z
pa =400 psig+ 424“3[85+51 9]ﬂ I — = 80.3 psig
P1+Z+E':+h = p2+z +w_22“ Pt. 1 at tank sutface. p, = 0,0, = 0
¥, 2g 7, 2g Pt. 2 in outlet stream from 3-in pipe. p, = 0
2 i 153
b= @ -2+ 2w, =00 10 _, o s
2g 449 gal/min
) 2 il- App.C
o= L= D08 756 4y R 4
4, 008840 ft
3
_ Q_m_lgozfﬁs_
4, 0051321t
L, vl
£ L, I,r,* f:; D_-‘ 2g ,f4 D4 2g
N, =P A302O2557) 1548 (1 aminary: £ = 24 = 0.0413
=y 2.15x10° N,
D . . ]
N, =2L (75600 3335) = 1180 (Laminar): f; = 22 =0.0543
v 2.15x10 N,
2 2
h=0.0413 . 75 —(13'02) +0.0543-i-(7'56) =355 1t
0.2557 2(32.2) 0.3355 2(32.2)
2
hy=101{t+ (13 02) fi+355ft =39.11t
(62.41b) (0.6688%)  1hp
Po=heo0 = (39,1 )(0.890 =264 h
4= htoQ = (391 1(0.890) 7, s S50f-Iois P
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8.51

8.52

8.53

g+t p =224 42 =
g, T Tag Ty TR MR
Py = D2 = Yollza — z1) + hy)
Voo BDP_ G000 _ v 68 o
J7, 3.31x10 N,
2 2
h= f £P_~:(0_0330)_}i§w..(_3_'@_ =20.76 m
D2g

.0189 2(9.81)
D= pr=9.12 kKN/m’[~1.88 m + 20.76 m] = 172 kPa

1~ pr=Yl(22 — z1) + 1] (From 9.24) 0= 180 L/min-1 m*/s 0003
N, = 2P _ (0.701)(0.0738)(1258) 60000 Limin : 5
0.960
. 64 p=2=_ 0003 —=0.701m/s
Ny = 67.8 (Laminar): = —— = 0.944 A 4282x10
NR
Lo 258 (0.701)° _

827 m

h= f 22 <(0.944)-
= D2g 0949 o738 2(9.81)

Py — pa = 1234 KN/m’[0.68 m + 8.27 m] = 110 kPa

NOTE: For problems 8.52 through 8.62 the objective is to compute the value of the friction
{actor, f, from the Swamee-Jain equation (8-7) from Section 8.8, shown below:
(8-7)
0.25

- b4
log _______ 1 ......... -+ 574:
37(D/e) N,

For each problem, the calculation of the Reynolds number and the relative roughness are
shown followed by the result of the calculation for f.

f=

Water at 75°C; v=3.83 x 107" m¥/s
_Q_ 129L/min 1m’/s
A 60000 L/min 1.407x107 m>2
oD (1.528)(0.0134)
NR S e— '_'“'_""_"”"'""""_""'__,'?_'_"
U 3.83x10
Die=0.0134/15 x 107 = 8933, = 0.0209

=1.528 m/s

=5.34 x 10*

Benzene at 60°C: p = 0.88(1000) = 880 kg/m’; ;L =3.95 x 107" Pas

o= Q_ 20L/min Im’/s

A 60000 L/min 4.636x107* m

vDp _ (0.?19)(0.024?3(880) —3.89 x 10*
i 3.95%10

Die =0.0243/4.6 x 107° =528; f=0.0273

S =0.719 w/s

NR:

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
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8.54

8.55

8.56

8.57

8.58

108

Water at 80°F:; v=9.15 x 107° ft’/s

D=0.512 ft; 4 =0.2056 {t°
pe @250 ft'/s

St = 12,16 fUs
A 020561
Ne= V2 A2IOOSID) o 105, pre= 0212 150
1% 9.15x10 4x10
£=0.0191
Water at 50°F: v= 1.40 x 107 ft*/s
2
D=18in(l f/12in)= 1.50 s 4 = 2 = 1767 ¢
3
_Q_DDORE g 49 ays
A L7671t
Np= 22 GO0 g 49, 10% pre= 20 ~3750
v 1.40%10 4x10
f=0.0155
Water at 60°F: v=1.21 x 107 ft*/s
: 3
_9_ ISOOgaUm:n y 1ft’/s = 6.097 fUs
4 054791t 449 gal/min
Ne= P2 OO0 _ oy 108 Dre= ——WO'S"’S_‘} = 5567
v 1.21x10 1.5x10
£=0.0156
A= D4 = 1(0.025)%/4 = 4.909 x 107 m”
. 3
1= _Q..: 95 ZJm‘”id 3 » 1 m fs - = 3_23 WS
A 4909fi° x107 m° 60000 L/min
Ne= vDp = (3'23)(0'025)(1'_110)(1000) =444 x 10* D/e = Smooth [Large D/g]
P 20x107
/=10.0213

Crude oil (sg = 0.93) at 100°C
p = (0.93)(1000 kg/m®) = 930 kg/m’; p = 7.8 x 107 Pas
_ Q@ _ 1200 L/min 1 m*/s

= — X — = 1.19 mv/s
A 1.682%x107 m* 60000 L/min
No= VD2 _(LI9O16030) ) o
P 78x10
Dfg = -w-»glﬂﬁ:s- =3180; £=0.0264
46 % 10
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859  Water at 65°C; v=4.39 x 107 m%/s

D= 0(.0409 m
_ oD _(10X0.0409) g4y
v 4.39%1077
Dig = m(-)'0409_5 = 889, f= 0.0206

8.60  Propyl alcohol at 25°C; p = 802 kg/m’
=192 x 107 Pas
_Q  0026m’/s

= 2o =607 mfs
A 4282x10° m
New 20p _(CODOATEED) _y oy o5
P 1.92x10
i = L8 _ 49500, £=0.0159

1.5%107°

8.61 Water at 70°F: v = 1.05 x 107 ft¥/s

3
Q_30fts 4o fis

L=
A4 0.7854 ft*

No= V2 - GBDA0) _ 5 64 108
v 105x10

pie= —20__ _3500; £=0.0175
4.0x10

8.62  Heavy fucl oil at 77°F; p = 1.76 slugs/ft’
p=2.24 %107 [b-s/ft’
v =12 ft/s; D =0.5054 ft

ol .
No— VPP _(200009076) _, 1
P 2.24x10
pie= 220 _ 3360, r0.0388
1.5x10

Hazen-Williams Formula

8.63 (=15 0s, L=550ft, D=0.5/2ft, 4 = 0.2056 ft’
R=D/4=0.128 {1, C; = 140

Q |.R52
M= —
" {1.32140#3"-“]

1.852

1.50

B = 550 _ 1 =15221t
(1.32)(0.2056)(140)(0.128)"

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
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3
864 ©=1000 L/iminx — 25 — 00167 m¥s; L =45m
60000 I/min
4-in type K. copper tube; D = 97.97 mm = 009797 m, 4 = 7.538 x 107 m’
R=D/4=0.0245 m, C; = 130

r

Q 1852
[ [ —
" LO.SSAC},R"‘“]

s 0.0167 e
0.85(7.538 x 107)(130)(0.0245)°%

hy=2.436m

8.65 (O=750s;L=5280f D=18in=150f,4=1767
R=D/4=0.375 ft; C,= 100

? ‘QO -*II.SS?.
hy= 5280{ —- 2 | =2851ft
(1.32)(1.767)(100)(0.375)"
: 1 ft°7s
8§.66 (O=1500 gal/min x W = 3341 ftzfs; L =1500ft
gal/min

D =10.02 in = 0.835 ft; 4 = 0.5479 £’
C,=100; R=10D/4 =0,2088

i.852
341
By = 1500 334 —
(1.32)(0.5479)(100)(0.2088)**

hp= 3138 1t

3
867 O=900 Limin x =205 =0.015m'/s; L=80m
60000 L/min

D=97.97 mm = 0.09797 m; 4=7.538 x 10 m’
R =D/4=0.0245 m; C, = 130

-h8s2

0 0.015 !
(0.85)(7.538 x 107 )(130)(0.0245)"” |

kL"—g

=3.56 m

868  O=0.20ft"s; D=2.469 in=0.2058 ft; 4 = 0.03326 fi’
Cy=100; R=D/4 =0.0515 ft
v= /4 =6.01 ft/s (OK)

0[ 0.20
[(x .32)(0.03326)(100)(0.0515)"%

=8

1552
:' =§.35{t
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8.69

8.70

871

0 =2.0 ft'/s; L = 2500 ft

a)  8-in Schedule 40 steel pipe; D = 0.6651 ft; 4 = 0.3472 fi®
R=D/4=0.1663 ft; C; = 100

1.852
By = 2500 290 | =6141t
(1.32)(0.3472)(100)(0.1663)"*

b}  Cement lined 8-in ductile iron pipe
D =823 in=0.686 {t; 4 = 0.3694 fi*; C;, = 140
R=D/M4=0.1715

1.852
By = 2500 2.0 | =283ft
(1.32)(0.3694)(140)(0.1715)%°

Specify a new Schedule 40 steel pipe size. Use C, = 130

. 1 ft'fs
¢ =300 gal/min x ———— = (.6068 ft'/s
449 gal/mm

5= 10 /1200 ft = 0.00833 fu/ft
: [ 23100.668) |

= (.495 ft
(1 30)(0.00833)"-5“J

6-in Schedule 40 steel pipe; D = 0.5054 ft
Actual &, for 6-in pipe

D=0.5054 ft; R=D/4=0.1264 ft
A =0.2006 ft*

1.85%
0

P ) . —

‘ [1.32140;,1{”-“

1.852
Bz = 1200 0.668 — |  =9.051ft
(1.32)(0.2006)(130)(0.1264)"*

From 8.70

0= 0.668 ft'/s

D=0.5054 ft = 6.065 in; 4 = 0.2006 £’
R =D/4=0.1264 ft; C, = 100

I P
= 1200 0.668 _
1.32(0.2006)(100)(0.1264)"

_i 1.852

B, =14.72 ft

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
AND ENERGY |.OSSES DUE TO FRICTION
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8.72

112

0 = 100 gal/min x 1 ft*/s/449 gal/min = 0.2227 ft’/s
L =1000 ft; ), = 130 (New steel)

a)

b)

2-in pipe: D =2.067 in=0.1723 ft; 4 =0.02333 ¥
R=D/4=00431ft

02227 ]"8”

Bz = 1000 fy —
(1.32)(0.02333)(130%(0.0431)"

h, =186 ft

3-in pipe; D = 3.068 in = 0,2557 ft; A = 0.05132 f°
R=D/4=0.0639 ft

1.852
.
By = 1000 0.222; —
(1.32)(0.05132)(130)(0.0639)"

h,=27.27 1t
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