Al

puted from Eqs. 8.32

friction factor is obtained from Fig. 8.14. Then the head loss is com :
jue is compared

and 8.38, and Eq. 8.28 is solved for pressure drop. The resulting trial va
{o the system requirement.

If the trial value of Ap is too large. calculations are repeated for
valueof D.If the trial value of Apisless than the criterion. a smaller ass

should be checked.
In choosing a pipe diameter, it is logical to, work with values that are available

commercially. Pipe is manufactured in a limited number of standard sizes. Some data
for standard pipe sizes are given in Table 8.4. For data on extra strong or double extra
strong pipes, consult a handbook, e.g. [7]. Pipe larger than 12 in. nominalid‘iamcter s

roduced in multiples of 2 in. up to a nominal diameter of 36 in. and in multiples of

6 in. for still larger sizes.

a larger assumed
umed value of D

Table 8.4 Standard Sizes for Carbon Steel, Alloy Steel, and Stainless
Steel Pipe (Data from [7])

Nominal Inside Nominal Inside
Pipe Size (in.) Diameter (in.) Pipe Size (in.) Diameter (in.)

3 0.269 2} 2.469

% 0.364 3 3.068

3 0.493 4 4.026

1 0.622 5 5.047

3 0.824 6 6.065

1 - 1.049 8 7.981

11 1.610 10 10.020

2 2.067 12 12.000

Example 8.5

A 100 m length of smooth horizontal pipe is attached to a large reservoir. What depth,
d. must be maintained in the reservoir to producea volume flow rate of 0.03 m*/scc of

water? The inside diameter of the smooth pipe is 75 mm. The loss coefficient, K, for the
Squarezdge E'Tﬂ?ﬁ Yﬁ@é—} T_f{h&‘ water d ﬁé‘:}r)'{{f{:ﬁ 1{0) ' € 3 osphe re.

EXAMP
GIVEN: Water flow at 0.: h a 75 mm diameter pipe, with L = 100m,

attached to a

$ \AD qﬁ,f‘, Yol dantk J o i s A
IND KeServolr -.:L‘,puw. d. to maintain o

the

4
]
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SOLUTION:
Computing equation: . )

P r-i AN P —l_i_ - g::) . h!r = h’ *: h‘- ‘&28]

(——'—-I—Il-.,—'f‘g:l “\p =3

p = . &

where 7
LV and h.=K-
b= IE ':,__ = 2

% 7 — 7. and x. = 1.0. Il it is assumed tha
For the given problem. p; = p2 = Paz» iV, =0. V,=V.and x: t

-, =0, then =, = d. Simplifying Eq. 8.28 gives

Then )
L R (]
Siﬂcs‘_'=%—%.lhen .

Assuming waterat 20C.p =999 kg m>.and £ = 1.0 x 10™* kg m - sec. Thus

pVD _ 3p0
Re=2"—_"P%
H =uD
ot 99ke 003m'  mesec ! _
e=—x- —x — x - s
z m? e “T0x 107k “0073m P10

For smooth pipe. from Fig. 8.14. | = 0.0131. Then

£0° L
d= 1”- — T ¢ -
=Dy I:ID L I]

£ (003 m®
o it

d=336m

{This problem illustrates the

Example 8.6
. A compressed air drill re
1; drill. T
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SOLUTION OF PIPE FLOW PROBLEMS/8-8 375

EXAMPLE PROBLEM 8.6

—‘-_—-— . . '
GIVEN: Air flow through a line of fength, L, and diameter, D = 40 mm.
py = 690 kPa P, = 650 kPa

I,=d0C m = 0.25kg/sec  p = constant
FIND: Allowable length of hose. ———l® [.D @ |
. Compressar _____ _____1 Dnll .
Computing equation:
Py ‘7;;. P2 171
(‘—) + x, T + y:l) =S (—p- + 2, -i-z- +yzy | =h,. = hy + hy, (8.28)
where
LV 2
h=I5T h=K7

For p = c. then ¥, = I3, ’since A, = A,. Since p, and p, are given. neglect minor losses.
Assume that %, = %,. Neglect changes in clevation; assume =, = z,. Then Eq. 8.28 can be

written
— 2 —ps) 2D
pmop_ LY, P Ll 1 D
p D2 p SV
The density is
Ll 5 5 A Vd l
p=p =ﬂ--=_-7'91xIO B—,x kg - K X = 8.81 kgm*
"7 RT, m?"~ 287N-m 313K
From continuity |
. o 3
p=2 = i =ix0'25£>< AL l, ; = 22.6 msec
p npD* n sec  88lkg (0.04)" m~

For air at 40 C, u = 1.8 x 107° kg/m - sec, s

26 m 0.04m
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376  8/INTERNAL INCOMPRESSIBLE VISCOUS FLOW

Example 8.7

A fire protection system is supplied from 2 water tower and standpipe 80 ft tall, Tp,

. i 2
longest pipe in the system is 600 ftlong. and ismade of €25 l;oc‘::db?;]l:e Oiyeadrisamd' Th.e
pipe contains one gate valve: other minor losses may be neglected. allonps Pe diameter j
4 in. Determine the maximum rate of flow through this pipe.1n per minute.

EXAMPLE PROBLEM 8.7 : -

GIVEN: Fire protection system, as shown.

FIND: Q, gpm. ()
n — RO
= Gate valve z
II—IBOft /D=4in. 2 l
XY L__-_,F . —Q
A L
L=600 t— ™
SOLUTION: @
= 0(2)
4 , Vi
Computing equations: (% + %, 7{+ u,) - (’;’.; +1, 5+ .‘Fz) =h,, (8.28)
L V3 (L+ L, V3
hf _IET"""——I D T

Assumptions: (1) p; = P2 = Pam
2 W= 0,and 2, = 1.0 .

For a fully open gate valve, from Table 8.3, L,/D = 8. Then

L V2 Vi
h.r=f57'+3f7‘=ul=. - o) -

!
N
(TP

2

or

Solving for ¥;, we obtain.
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¢ old, choos¢ ¢/D = 0.005. Then, [rom Fig. 8.14. guess f = 0.03. Then a first approxi-

quit
mation t0 Vyis

_ 2/(32.2 ft KSOR | 12
= ), _— < _ .
Vy sec? 0.03(2040 = %) = l] = 9.08 ft/sec

e value assumed for f.

Now check th
pVD VD _ 9.08 It ft ) sec

— - i S I s
" e X3 T 0
For ¢/D = 0.005, [ = 0031 from Fig. 8.14. Using this value., we obtain

2 y 302t SOnt |
X
sec’ 0.031(2040 + 8) = |

12
] = 8.94 v sec

Thus convergence is satisfactory. The volume flow rate is

_ nD* 8941 IN? ., 748 gal 60sec
[t x X -
4 sec T min

X

3

IR

Q =350 gpm 0

This problem illustrates the procedure for solving pipe flow problems in which the flow
rate is unknown. Note that the velocity and, hence, the flow rate. is essentially proportional
to 1/,/f. Doubling the value of ¢/D to account for aging reduced the flow rate by about
10 percent.

‘Example 8.8

Spray heads in an agricultural spraying system are 1o be supplied with water through
500 ft of drawn aluminum tubing from an engine-driven pump. In its most eftficient
operating range, the pump output is 1300 gpm ata discharge pressure not exceeding
65 psig. For satisfactory operation. the sprinklers must operate at 30 psig or higher
be neglected. Determine the smallest

ze that can be used.

L

Q= 1500 !
= galfmun

(o determung the
 the given llow rate.

. . . : J
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378  8/INTERNAL INCOMPRESSIBLE VISCOUS FLOW

The maximum allowable pressure drop is : . N
A Pymay — P2min = (65 — 30)pst = 35 pst
Pmar = Prmax 2mi

o f) e

Computing equauons

= 0(3)
LV3
.hl1-=h’+ m-—fE—E_
Assumptions: (1) Steady flow
(2) Incompressible flow
(3) hy,=h.ie h_=0
(4) < =:_2 _
(5) ; = V V, X =23
Then .
L pV-
Ap=pr—r2=J575

Since trial values of D are to be assumed. it is convenient to substitute V' = Q/4 = 4Q/=D* 5o
that

Ap = f—-(4g_) _§f_L_pQ (1)

.DS
The Reynolds number is needed to find /. In terms of Q,

e P70 _TD_ 40 D _ 30
¢ i vy xD:v avD

Finally, QO must be converted to cubic feet per second.

1500 gal min ft?
— X X
min 60 sec  7.48 gal

0=

= 3.34 t*/sec

For an initial guess, take nominal 4 in. (4.026 in. 1.d.) pipe:

40 _4 3 sec |

ReZoD ™1 e xS ame A = 106 x 10°
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Since this \alue is too large, try D = € in. (actually 6.065 in. i.d.):

[}
!

: o PR : | 2in_ S
] _— X —_ X - e x =
=2 sac 12 x 1079 [t° 6063 in. X ft 01 x 10

.' =4 drawn tubing. ¢'D = 0.000.010 (Fig. 8.15L so f ~ 0.013 (Fig. 8.14), and

Iy
; 0013 S00ft 194slug  (3.34)° I
! Ap=—<X b X = X =
_.‘ < it sec*
; 1 {12)%in*  Ibf.sec?
i X ————— X —_ X —
" (6.063)" in.” it  slug-ft

| Ap = 2401blin.” < Ap.,,
E Smce this value s j=ss than the allowable pressure drop, we should check a 5 in. (nominal)
| e With an actuzl id. of 3047 in.

3 PRIy O sec I 12in

‘ == — X — - =843 x 10°

i Re=cox SX3x10°M  5047im *

i .

i For drawm tubing. e/ D = 0.000.012 (Fig. 8.15), so f = 0.012 (Fig. 8.14), and

! g 0012 500ft 194slug (3.34° R°

' Ap=—X X X + X —

f e ft seC

| 1 (12)%in3  Ibf-sec

l X == X 1 X ugeit

! (3.047)° In. ft slug - ft

% Ap =333 Ibf/in® > Apaux

'} Thus the criterion for prassure drop is satisfied for a minimum nominal diameter of 6 in.
| pie. ] b
5 This problem illustrates the procedure for solving pipe flow problems when the diameter

isunknown Note from Eqg. 1 that the pressure drop in turbulent pipe ﬂow_ is proportional
| |12 /'D*. The variation of f is small. so Ap at constant flow rate is approximately propor-
| {tionalto 1D

e Problems 8.7 and 8.8 by direct iteration. Several
number rams have been intro-
teration. For examples of
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-.charge of
For a square-edged entrance 3 dlSCt"la %:enter
reservoir level was 85.1 ft above the pip¢

coefficient for a square-edged entrance.

0.5

line. From these data evalu

PR

66 ft>/sec was measured whey, i

e

EXAMPLE PROBLEM8S8 —— I

GIVEN: Pipe with square-edged
entrance discharging [rom

reservoir as shown.

s
~

FIND: KGI“FII'IEE’

Yo a WPl

Entrance

““L—L = 10 ft—=
SOLUTION: - .
Apply the energy equation for steady. incompressible pipe flow.

x 0(2)
Computing equations: ty oty =g AT
- % v

1’2
2

L
h, = IB o K cnirance ~

Assumptions: (1) p,

or

Assume T = 75F (24

VD 46.l

e=—=

fl '_

Dipindai dengan

\:/ T_D=1.5in.

= 0566
Q = 0.566 -
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SOLUTION OF PIPE FLOW PROBLEMS/88 381

For drawn tubing, e/D = 0.000,04 (Fig. 8.13).50 /' = 0.013 (Fig. 8.14). From Fig. 8.11,n = 8.7

1% 2n*
U +han+) Lial 1823
U\?* n*
= (T) G+m3+2m 5 544

Substituting into Eq. 1, we obtain

K _2x 32.2_!'_t_ y 85.11t y sect (0.013) 10ft y 12in. L0
mgange: sec? (46.1)* it . LSin Tt

= 04991 . Kcnlnnct

This value compares favorably with that shown in Table 8.1. The hydraulic and energy grade
lines are shown below. The large head loss in a square-edged entrance is due primarily to
separation at the sharp inlet corner and formation of a vena contracta immediately
downstream from the corner. The effective flow area reaches a minimum at the vena
contracta, so the flow velocity is a maximum there. The flow expands again following the vena

contracta to fill the pipe. The uncontrolled expansion following the vena contracia is
. (See Example Problem 8.12.)

Kemrnnce

ificantly- This reduces the

as the head 0SS due to

ation: the flow pattern
d inlet compared t0
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