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Hydraulics of Pressure Conduits




Definition sketch for pipe flow
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11.1 Head Loss by Pipe Friction
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11.1 Head Loss by Pipe Friction

s Bl112%77 5 355 2 Aiwiw g %
KT B T o

Walues of W0V) for waini 5l 6T, diaeneter m anched. weioofy in AL fuee |

e 0B | i & 20 e o0 100 300 400 600 JO000 B0 4000 10,000
— T S . -

L T T THTy
I
L.m.",,rﬂlF.E_ql—p- . ! - 8 -.
| | | | |

1
|
4
|
1

Felklve roughness, &) [

e
““I{..

=
a
|

e e A
i |
I

=l R -gn R =]

k. %

i . Ll
Bl qI0m 4 B BIDE 2010% 4 ' 0% 4 & B¢

Rgyhodds mumber, My~ -Brr

2104

FIGURE 112
Moody dhagram for estimating § for popes




11.1 Head Loss by Pipe Friction

§ B (Manning) 2 8% ¥ * 3SR 4 FELY gkiRt E o
EHHE = OV _1.49 =Y p2isgie
n
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T~ RE g s 2 55 5 i £ % B (Hazen-William) >

; o TABLE 11.1
A2 5 Values of Hazen-Williams coeffi-
cient Cyy

1 318 C y R 0.63 S 0.54

Pipe material

Brick sewers
0.85 C H R 0.63 ) 0.54 Cast 1ron
New
5 yr old
(£ 11.1) 20 yr old
Concrete (regardless of age)
-y ,E.- %ﬂﬁ"ﬂfﬁ F']I;istiq.‘ (PVC)
Riveted steel, new
kA L Vitrified clay
S Welded steel, new
Wood stave lrugar-::lh.qa of age)




Example 11.1

Example 11.1 Find the head loss in 1000 ft of 6-ft-diameter smooth concrete pipe

carrying B0 cfs of water at S0}

Solution, By the Darcy-Weisbach lormula

il

ASSUME & 0.001 ft: then ¢/D = 0001 /6 = 0.00017
L ¥ [N = 283

f (1014 249 11
D 2a 6 o« b d

By the Chézy-Manning formula, using n = 0.013

|.'-||=‘.|I YR« D013
S | |
12K 222 x 1.5

By the Hazen-Wilhams formula, using Cy = 130




11.2 Minor Losses in Pipelines
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11.2 Minor Losses in Pipelines

TABLE 11.2
Minor losses in pipelines

(a) Enlargements (% ~) () Abrupt contractions (% ‘{ﬁ')
(V- Fﬂr‘
19

|:"':'alues of K, ink, =K,

(\“aluﬁ of Ky inh, =K, —I)
29

D D D
=3 s JSY sl K,

a* =
ﬂ| D] IJ'I

10 0.17 0.17 0 0.5
20 (.40 0.40 0.4 0.4
45 (.86 1.06 0.6 (0.3
60 1.02 1.21 0.8 0.1
G0 1.06 1.14 1.0 0

1.04 1.07
1.00 1.00 {c) Pipe entrance from reservoir

(B> %) p
bellmouth hy, = 0.04

29
[.-'2
Square edge hy = 0.5 —
29




11.2 Minor Losses in Pipelines

(d) Bends (%" %)

A
("f’ﬂlues of K, ink,_ =K, 72 the head loss in
q

excess of that in a straight pipe of equal h:ngth) (€) Ya(lglgﬁ—g%t!o {gr)mgs’r

p2
(‘?ﬂ]“’ﬁ ﬂf H}_ in ﬁ{_ = HL —)
2g

r  Radius of bend Deflection angle of bend

D Diameter of pipe 90° 45° 22.5° Globe valve (wide open) 10

Swing check valve (wide open) 2.5
0.50 0.37 0.25 Gate valve (wide open) 0.2
0.30 0.22 0.15 Gate valve (half open) 5.6
0.25 0.19 0.12 Return bend 2.2
0.15 0.11 0.08 Standard tee 1.8
0.15 0.11 0.08 Standard 90° elbow 0.9

* The angle 0 is the angle in degrees between the sides of the tapering section,
From Flow of Fluids, Technical Paper 410, Crane Co., 1965




11.3 Flow with Negative Pressure
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FIGURE 113
Conditions of flow with negalive pressure.




11.3 Flow with Negative Pressure
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Example 11.2

Example 11.2. In Fig. 11.3 assume z, = 10 f, length of pipe from reservoir to pump
15 1000 ft, from pump to nozzle 1s 5000 ft, f = 0.02, and diameters of pipes are 3 and
2 1, respectively. Neglecting minor losses, compute the maximum theoretical rate al
which water may be pumped if the atmospheric pressure 1s 13.8 psia and the water
temperature is 80°F. At this temperature, p, = 0.5 psia (see Table A-2a in the

Appendix)

Solution

V4 1000 V4 ) (13.8 — 0.5)

10 4 F0.02 % :
24 3 2dg) 62.4

% 144

From this expression V is lound to be 13.2 [t/sec, and hence the limiting discharge
Q = AV = (n/4) x 3* x 13.2 =933 cfs.




Example 11.3

Example 11.3. In Fig. 11.3 assume z, = 3 m, length of pipe from reservoir to pump
15 300 m, from pump to nozzle 1s 1500 m, f = 0.02, and diameters of pipes are 0.9
and 0.6 m, respectively. Neglecting minor losses. compute the maximum theoretical
rate at which water may be pumped if the atmospheric pressure is 95.0 kN/m*
absolute and the water temperature is 27°C. At this temperature, p, = 3.6 kN/m*
absolute (see Table A-2b in the Appendix).

Solution

-+ 0.02 x -
29 0.9 2g,

300 V-“) 95.0 — 3.6

0.81

From this expression V' is found to be 4.0 m/s, and hence the limiting discharge
0= AV = (n/4) x 0.9% x 4.0 = 2.54 m3/s.




11.4 Flow in Branching Pipes
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Definition sketch for branching pipes.




11.5 Flow Iin Pipe Systems

FIGURE 11.5
Parallel pipes




11.5 Flow Iin Pipe Systems

m 7; ¢ REEAE A h =KQ® ;U ¢
¢ 1235 & 2 > 42 3% (Manning equation)

#}Qﬁix;ﬁ—’é—éZ

o 12355 &-= B = 423 (Hazen-Williams equation)
#]E] #c X #-% 1.85
o pZd -= L ¥ o 38 (Darcy-Weisbach formula)

do e X e 7§ L. 75% i 3lE gk 2.0




Example 11.4(1/2)

Example 11.4. using n = 0.013 and neglecting minor losses, express the head logs

through the pipe system of Fig. 11.6 in the form of Eq. (11.7)

4000 ft
— 18 In, dia -~ C 1000 ft D
P ———————

-

24in.da. ~—____S000ft __— foMnce FIGURE 11.6

12 in. dia Sketch for Exampile 11.4.




Example 11.4(2/2)

Solution. From Eq. (102},
rI'I:L:I'.II
2IRYY DI RYIAC
(000 35 71 300) ;
b, Ao B - 000930

221241 "m)

(D1 3)¥ QP(1000)

h, Clo D = 00910

e TR T el B T

hi uppér pipe = & lower pupe
;L (L,
el I

(={4000) 0 2 S000)

=T TR | =
{0 255 AL TR S)

0
{.-' = ! 3 '|r.l_

i k) :I'I'__r_'l"l.‘-'.il
2.21(0.255 (0. 785)

R Bar- L2150

=
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Example 11.5

Example 11.5 Determine the exponential expression for head loss when water al
50°F flows in a new 12-in.-diameter steel pipe. Use the Darcy-Weisbach formula, and

assume a velocity range from 3 to 12 ft/sec

Solution. From Fig. 11.2, e = 0.00015 ft and ¢/D = 0.00015. For }
213000, f=0020, and Q= (n/4) x 1 x 3 =236c¢ls. For | 12 ft/sec,
B51,000, f = 0.019, and Q0 = 9.42 cls. Hence

| L 3*
At 3 It/sec: n, = 0.02
D .

L
At 12 It/sec - 0.019
.“' :l'll

Simultaneous solution of these equations yields x = 1.91 and K = 0.00046L

for the specified conditions of flow h, = 0.00046LQ" "




11.6 Pipe Networks




11.6 Pipe Networks
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Example 11.6(1/2)

Example 11.6. Determine the flow in each pipe of the network shown in Fig. 117

using [/ = 0.02 throughout
Solution, Taking x

Q* = K@°

megd)”

Hence A 081 fL/gD”, and the K value lor each pipe 15 as lollows:

Diameter, in. 1 ‘ 5 iy
K 10330 1N | 6500 808

[he assumed Aows are indicated on Fig. 11.7 in parentheses. For loop AEDB,
(1030 x 0.5%) 4 (11.9 x 0.1%) — (224 % 0.2%) — (368 x 0,77
\
| (1030 2 0.5 4+ (115 =« 0.1+ (224 4+ 0.2) 4 (368




Example 11.6(2/2)
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11.7 Contaminant Propagation in
Distribution Systems
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Example 11.7(1/2)

Example 11.7. Through networl

distnbulion svstiem are [ound Lo by

0.636C,

y ”\Q

FIGURE 118

Sketch for Example 11.7




Example 11.7(2/2)
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11.8 Power in Fluid Flow

- /8 . th
2 | E : . ‘% ZJ h —_
SR (hp) =25

N4 H = 0 1 (KW)=7Qh
FF oy iaeE e R o/ SIS HE =S KN/m? )
Q iz cfs SI>4/E =% m3/sec )
h :sgxeg- f SlafE=2 m)
=1 : lhp =550 ft-1b/sec =0.746kW




Example 11.8

Example 11.8. If the spillway of Example 9.4 is 100 ft long, determine the horsepower
dissipated in the hydraulic jump formed at the toe when the head on the spillway 1s
A I,

Solution. In this case (Table 9.2) the significant head to be used in Eq. (11.13h) is

AL=E; —E,=48.0—17.0=310fi

yO(AE) 624100 x 88.3)31.0)
Horsepower loss - 31.000
550 55()




Measurement of Flow In
Pressure Conduits




Outline— Measurement of Flow In
Pressure Conduits
m 11.9 Differential Head Meters
= 11.10 Mechanical Meters
m 11.11 Other Methods of Flow Measurement




11.9 Differential Head Meters
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Fhree types of constnclion meters
for pipe flow




11.9 Differential Head Meters
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11.9 Differential Head Meters

5 - ﬁé J\?F' .:./f.‘ﬂ),l.»%ﬁ/ _EL»J.(bend meter)’zq,j
G5 P Rl RS () BB A2

Q — Cd A(Zgh)llz

la] Pitot-static tube {b) Pitometer lc] Cole pitometer
arrangement C;=0.98 C;=085
'E'; =0.98

FIGURE 11.10

Vanous types of pitot-tube flow-measunng devices,




11.10 Mechanical Meters

m i T S B R OR 4K 5 % 5N -k 4k (displacement
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11.11 Other Methods of Flow Measurement

g 1% 72 (Tracer-dilution method)
== (Magnetic and acoustic flowmeters)

¢ # h # 2+(Thermal anenometer)

¢ T 5408 - Bk 4 2 (Laser-Doppler anenometer)




Forces Acting on Pipes




Outline— Forces Acting on Pipes

11.12 Internal Pressures

11.13 Water Hammer

11.14 Forces at Bends and Changes in Cross Section
11.15 Temperature Stresses

11.16 Flexural Stresses

11.17 External Loads on Buried Pipes

11.18 Crushing Strength of Pipe




11.12 Internal Pressures
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11.13 Water Hammer

L =length of pipe

B A

At valve

1 n r

oA

wi ’%E»ﬁ_éiﬁ,%k Apot B L R

H 5 7k 4 (water A 1 0 .

ET TR [ t

(6] Water hammer pressures at selected points for the
case of abrupt valve closure

FIGURE 11.11
The nature of water hammer.




11.13 Water Hammer
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11.13 Water Hammer
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FIGURE 11.12
Definition sketch for analysis of water hammer in pipes.




11.13 Water Hammer
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t, <t PFokaR4 B =R =pc V

2LR,  2LVp
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c pc c

KEER 4 W g & BB R (slow-closing valves) ~ g
&=~ R R (automatic relief valves) ~ 5 % (air chambers)z
T R 5 (surge tanks)m < & *F 4 o




Example 11.9

:l":f"i.‘.l.l'll].'llf.‘ 11.9. Waler Hows dl ':‘ I.[ sec Irom a reservolr mto a 36-in 3.,i|;_-;;| pipe [h'ﬂli-ﬁ
7500 ft long and has a wall thickness of 1 in. Find the water-hammer pressure
developed by closure of a valve at the end of the line if the closure time 15 (a) | seg

(h) B sec.

Solution

1
1

4050 ft/sec
(AUOUDU0D x 360130 x 10" % 1)

75000
1 M) o
4050

f'l-:-l ¥ -H]"lll
122 % 144

272 psi

| 26 psi




11.14 Forces at Bends and Changes In
Cross Section

m B]11.13(b) =77 & iF* ok T
TEPkin2 &4 ap d H
B - J& * fre - & i 22 H

—

PRA —-F —PA, cosf=pQ(, cosd-V,)
F,—P,A, sind=pQV, sind _ SR s dagam o

walker im and

Free-body duagram of
bend withoul anchorages

“Longiudinal force = ofw Dt
where g is unit stress,
I} iz pipe diameler, and

t 5 wall thickness of pipe

FIGLRE 11.13

Foroes ot a horzonial pipe bend

FIGURE 11.14
Foroes al a contraction n 4 pipeline




11.15 Temperature Stresses
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Example 11.10

Example 11.10. Find the longitudinal stress in a steel pipe caused by a lemperature
increase ol S0°F (27.8°C). Assume that longitudinal expansion is prevented. For stegl
E=30x10psi (207 x 10° kN/m*) and a=65x 10"°Mt/ft °F (11.7 x 107"
m/m "C).

Solution
Ex AT =30 x 10° x 6.5 x 107° x 50 = 9750 ps1 (compression)

= 207 3 10% » 11.7 x 107° x 278 = 63.700 kN/m~ (compression)




11.16 Flexural Stresses
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11.17 External Loads on Buried Pipes

1 RE R~ A B

2 e

(rlgld pipe)m & » 11EF R F

\

TABLE 113
Valoes of the cocfficient C for Eqs. (11.31) and (11.32) in English or 5l

metric units
Fill mnterial Sand and gravel  Saturated topsoil  Clay Saturated clay

Specific weight,
pel (kN/m') 1B (15.7) 160 {157} 120 (18.9) 130 (20.4)

Cover depth

A
: iE' ‘I, l ‘é—_ Tremch widih

[0
B RERAHE |
T2 Eangn g8

#(411.3) 100

e}
144

Valoes of O




11.17 External Loads on Buried Pipes

% i (B111.15(a)) 223k 2 4 12 ¢ (flexible) t it & g

N
2}\.*3

w=CBD
Ay 4 R (Fﬁl]ll.lS(b)) ’

w=_C_yD*

7

TABLE 114
Values of the coefficient C,, for Eq. (11.33) in English

or 51 metric wnits

| Righd pipe,
Cover depth  unyielding base,
Pipe dismeter noscobesive backiill

10 12

i . 20 25

’ 10 4.7

la) Flexible pipe buried in a trench b} Rugud pipe on solid ground under fill A0 67
Bl

FIGURE 1115 B0

Loads on a buried pipe




11.17 External Loads on Buried Pipes

meEgRRir T R ELEAN R A
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FIGLIRE 1LI6&

Slamt distance & Trom superimposed load
P Lo center C of a vertscally propected area
of an clement of & pipe.




Example 11.11

Example 11.11. A 3-lt-diameter steel pipe 1s buned in a trench 4 [t wide. The backfll
15 clay (specific weight 120 pef), and the top of the pipe 1s 6 [t below the surface of
the fill. The pipe passes at nght angles under a one-lane road that carries a vehicle
whose loading (including impact) consists of two concentrated 1800-1b loads located
5 It apart transverse to the roadway. Find the maximum vertical lorce exerted on a
unit length of this pipe.

Solution, Taking C = 1.2 (Table 11.3), the load caused by the backfill is
w=CyBD =12 x 120 x 4 x 3 = 1730 Ib/lt

The slant distance Z [rom one ol the wheel loads to a point on the pipe midway
between the loads is Z = (6% + 2.5%)"% = 6.5 ft. the pressure on the pipe as a result
of a single wheel load is

3d3P 3 x 6% x 1800 i ;

lI!'J' — : — = {1.[} r':'!

2nZ? '
The total force on the pipe per foot of length 1s 1730 4 2(16.0 x 3) = 1826 Ib/ft. A
more accurate estimate of the effect of the superimposed load could have been made
by analyzing smaller unil areas, but this hardly seems justified in this case.




Example 11.12

Example 11.12. An 8-lt-diameter rigad concrete pipe rests on unyielding ground and
1s covered with sand (specific weight 100 pcf) to a depth of 6 ft. Directly above the

pipe is a concentrated load of 10,000 Ib. Find the vertical lorce on a 1-i length ol
the pipe.
Solution. Taking C, = 0.9 (Table 11.4), the pressure caused by the infill is
" 0.9 =« 100 x 8% = 5760 Ib/fi
Subdivide the projected area of a 1-t length of pipe into eight 1-It squares. From

Eq. (11.34), the pressure on the squares on one side of the pipe center hine 15 the

[ollowing

Distance from center hine to midpoint ol

= | 5 K
square, It ;
Slant distance to midpoint of square, It .02 flK L 0.9
Computed pressure by Eq. (11.5%), psi 130.4 114.0 .Y 1.0

lotal pressure on a I-It length ol pipe 15

5760 + 2(130 + 114 + 89 + 64) = 6554 b




11.18 Crushing Strength of Pipe

£ &

Plaster of
per foot “ paris fillet
ol dia. but not less
than 1% —

AL least 6" =6"
b Thres-edge bearing

i — > I > > 24 A S R
FIGURE 11.17 («i— - TR Fae B e /z)
Methods for determining the crushing strength of pipe. (ASTM Specification Cl4)




11.18 Crushing Strength of Pipe

\ Hand
T P|-E-'l.‘£d
CEI“Ef::“ t 12in. (300 mm)f p, Dokt A
backfil Ky minimum W {S-r Hand 2 £
; ;,,,j;_.%f;y 22 412 in. (300 mm) nlsoad 4 $12 in. 1300 mm)
Z & ”‘:?? %_'_ PRI back fill g ; L minimum
Plain or = \%_1_ 4 b
i ; - D/4 sy Ke 3
reinforced —&4or =5 =t . : 1 : :
: . = — /4, 4 in, § ke D Bedding ;
concrete  ARACRCRKLET o . 1 : 1 D/6
L {100 mm) min %*f:-_ : _ﬂ-rE, 4in. - material . Lﬂ.-'ﬂ. 4in.
Note: Minimum width of concrete o o (100 mm) min * (100 mm} min
; Beddin
cradle or concrete arch = 1.26 D bl
or D+ 8 in. (200 mm)
Load factor Load factor
Backfill Load factor 1.9 X thffe-&iged beering 5% |hn|ea-ad.ged bearing
Lightly tamped 2.2 ¥ three-edged bearing A s
Carefully tamped 2.8 X three-edged bearing
Reinforced concreta 3.4 X three-adged braring \ ,.r"
Class A

ced 12277777 § 12in. (300 mm)

back fill ‘}”/ f’ minimum
ﬁ:

s (}&" fé_:‘? B 3K ? 2
Load factor KA ;E'. L2 3§ Ed
1.1 ¥ thres-edged beari - s Nt
Class D o K ‘:ﬂ%‘ 56% b ﬁ"“ AT e
FIGURE 15.18 #B :%H.a’!\ i\‘ TE‘

Some methods of laying scwer pipe and the relative beadng values deéveloped 4% compared to the
three-cdpe beanng tests. (ASTM Speciioarion C12)




Materials for Pressure Conduits
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= 11.19 Steel Pipe(4 & )




Materials for Pressure Conduits
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Materials for Pressure Conduits

= 11.21 Corrosion of Metal Pipes( £ /% & & 42)
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Materials for Pressure Conduits

= 11.23 Vitrified-Clay Pipe(5 [4 % )

2

s 11.24 Plastic Pipe(% ¥} % )




Materials for Pressure Conduits

= 11.25 Miscellaneous Types of Pipe(H i 7 &)




Appurtenances for Pressure Conduits
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11.26 Gates and Valves

s F AR TR RS A el o AT
o R (gate valve) : * k24 & % &P arkin o

¢ F w ¥ (check valve) @ % 25— B 2w gk e o

¢ -k ® (drain valve)zt ex s X (blow-off valve) : #xz ¢ ¢ &k

(2w FR)
FIGURE 11.25
Details of a check valve.

FIGURE 11.24 (77 %)
Outside-screw type, cast-iron gate valve. (fowa Valve Company)




11.26 Gates and Valves

* = B R (pressure-relief
valve) @ i = g ¢ ok

Relml! vanl —r=

Pressure-reliel walve o the open
position.

|

H
( FIGURE um(?‘ﬁ‘i R )
1

Inlet-ralief valve

(&5 )

Pressure-relied valve

o B K (pressure—
regulating valve)
)/ /u @ /, ‘z‘/’u __‘i - Air-relief valves installed on a pipeline.
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Feole: A5 isCFelEed p"l'l.'l.l.l:l"l N Ehamie
A will closs tha valve Schematic dlagram of & pressure- regulaimg valve




11.27 Surge Tanks

ﬂ Lo i/ﬁﬁ‘d R aE=rrig = il
NN R TR RS R R .

—
——

Reservoir ” Hydraulic grade_hlia- A _
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—

FIGURE 11.29
Definition sketch for a surge-tank analysis.




11.27 Surge Tanks
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11.27 Surge Tanks

TR e 5T he B111.3047 7 -

Closed trap—y

Alr

—_—

3 —
la) Restricted entry  (b) Air chamber
(#F1445%) (F £3%)

i &

N/
— =_2 FIGURE 11.30

e} Differential (d) Dtﬁerential Types of surge tanks.
(£ 3%) (£ %
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11.28 Inverted Siphons

= 37 d B oz
(inverted siphon)

% 4p By 1 B o
37Kk B % Zxk J\ i
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Kﬁi
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(sag pipe) & 7 F&
73 7k & (depressed
sewer) #- &£_ 3 B
SEEAE N

i FR e o

;A:ce'ss hole

High flow weir

Low Tlow

:‘3 channel -

e a

{b) Detail of inlet chamber el Inlet chamber, section A-A

FIGURE 11.31
A multiple-pipe inverted siphon, or sag pipe.






