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PROBLEMS

Notes on Pipe Diameter for Chapter 10 Problems

When a pipe diameter is given using the label “NPS” or “nominal,”
find the dimensions using Table 10.1 on p. 363 of §10.2. Otherwise,
assume the specified diameter is an inside diameter (ID).

Classifying Flow (§10.1)

10.1 B0 Kerosene (20°C) flows at a rate of 0.02 m*/sin a
17.7-cm-diameter pipe. Would you expect the flow to be laminar

or turbulent? Calculate the entrance length.

10.2 Bi'U’s A compressor draws 0.3 m*/s of ambient air (20°C)

in from the outside through a round duct that is 10 m long and
150 mm in diameter. Determine the entrance length and establish
whether the flow is laminar or turbulent.

10.3 Design a lab demo for laminar flow. Specify the diameter
and length for a tube that carries SAE 10W-30 oil at 38°C so that
the system demonstrates laminar flow, and fully developed flow,
with a discharge of Q = 0.1 L/s.

Darcy-Weisbach Equation (§10.3)

10.4 Using §10.3 and other resources, answer the following
questions. Strive for depth, clarity, and accuracy while also
combining sketches, words, and equations in ways that enhance
the effectiveness of your communication.
a. What is pipe head loss? How is pipe head loss related to
total head loss?
b. What is the friction factor f? How is frelated to wall
shear stress?

c. What assumptions need to be satisfied to apply the
Darcy-Weisbach equation?

15. Streeter, V. L. (ed.) Handbook of Fluid Dynamics. New York:
McGraw-Hill, 1961.

16. Beij, K. H. “Pressure Losses for Fluid Flow in 90% Pipe
Bends” J. Res. Nat. Bur. Std., 21 (1938). Information cited in
Streeter (20).

17. Cross, Hardy. “Analysis of Flow in Networks of
Conduits or Conductors.” Univ. Illinois Bull., 286
(November 1936).

18. Hoag, Lyle N, and Gerald Weinberg. “Pipeline Network
Analysis by Digital Computers”” J. Am. Water Works Assoc.,
49 (1957).

19. Jeppson, Roland W. Analysis of Flow in Pipe Networks. Ann
Arbor, MI: Ann Arbor Science Publishers, 1976.

20. White, E. M. Fluid Mechanics, 5th Ed. New York:
McGraw-Hill, 2003.

(&8 " Guided Online (GO) Problem, available in WileyPLUS at

instructor’s discretion.

10.5 B1'Us For each case that follows, apply the Darcy-Weisbach
equation from Eq. (10.12) in §10.3 to calculate the head loss ina
pipe. Apply the grid method to carry and cancel units.

a. Water flows at a rate of 75 lpm and a mean velocity of 55
m/min in a pipe of length 60 m. For a resistance coef-
ficient of f = 0.02, find the head loss in meters.

b. The head loss in a section of PVC pipe is 0.8 m, the
resistance coefficient is f = 0.012, the length is 15 m,
and the flow rate is 0.028 m*/s. Find the pipe diameter in
meters.

10.6 @5 As shown, air (20°C) is flowing from a large tank,
through a horizontal pipe, and then discharging to ambient.

The pipe length is L = 50 m, and the pipe is schedule 40 PVC
with a nominal diameter of 25 mm. The mean velocity in the
pipe is 10 m/s, and f = 0.015. Determine the pressure (in Pa) that
needs to be maintained in the tank.

Tank |

PROBLEM 10.6

10.7 @ s Water (15°C) flows through a garden hose (ID = 22 mm)
with a mean velocity of 2 m/s. Find the pressure drop for a
section of hose that is 20 meters long and situated horizontally.
Assume that f = 0.012.

10.8 @ As shown, water (15
through a tube and then disch

:2 If;iD 9f 8 mm and a length of L = 6 m, and the resistanc
eflicient is f = 0.015. The water leve] is i = 3 m. Find tfle

exit velocity in m/s. Find the discharge in L/s. Sketch the

HGL and the EGL, A
in the tube. ssume that the only head loss occurs

°C) is flowing from a tank

PROBLEM 10.8

. S Watel ﬂ()W the P P ow d t]le manometer
109 PLU S 1n h 1 eSh 1, an
>
deﬂects 90 cm. What lsff()r the plpe lf V= 3 m/s

D=5cm

Elevation = 10 m

Elevation =11 m

PROBLEM 10.9

Laminar Flow in Pipes (§10.5)

10.10 Using §10.5 and othe

T resources, ;
that follow. Strive for depth, answer the questions

- clarity, and acc i
combining sketches, words, A uracy while also

and equations in w:
fFecti ays that enhan
the effectiveness of your communication s fhat enhance

a. What are the main characteristics of laminar flow?

b. What is the meaning .

Eq. (10.27) in §10.57

o %.mo\vlonlf?l. (.10.33) of §10.5, what is the
: uid (p =
Wwith a mean velocity of 4

of each variable that appears in

meaning of h?
-2

10 N- s/m’ p = 800 kg/m?) flows
cm/s in a 10 cm smooth pipe.

a. What is the value of Reynolds number?

b. What is the magnitude of the maxi

pipe? mum velocity in the

. . .
: What is the magnitude of the friction factor f?
- What is the shear stress at the wall?

€. What is the shear
stress at a radial distan
ce
from the center of the pipe? rasmm

arging to ambient. The tube has

e —

PROBLEMS 395

10.12 FEUy Y i
o h:, LuUsS foter (1.5 C) flows in a horizontal schedule 40 pi

$ a nominal diameter of 15 mm, The Reynold . Pe
Re = 1000. Work in ST units. ! rmberts

a. What is mass flow rate?

b. What is the magnitude of the friction factor f?
::l. What is the head loss per meter of pipe length?
- What is the pressure drop per meter of pipe length?

10. Lo
1 21 r3rl Flow of a hqux'd Ina smooth 2.5 cm pipe yields a head los
oo a}:er meter of pipe length when the mean velocity is 0.5 m/S
P e f':;lnd the Reynolds number. Prove that doubling tile "
1 ::ﬂvvn double the head Ioss. Assume fully developed flow,
le(:l.glg1 ‘l;;ous As ﬁhown, around tube of diameter 0.5 mm and .
mm s connected to plenum. A fan .

: . d
r{egziztlze 8age pressure of —373 Pa in the plenul:r:(;nltlicsi:
air (20°C) into the microchannel. What is the mean veloc‘i/:;

Of air in t]le IlllCIOChamlel. Assuule that the Ollly head IOSS 18

s

Microchannel J

diameter D

PROBLEM 10.14

10.15 Liquid (y =

10 kN/m?) i P .
rate, but the directi m) s flowing ina p ipe at a steady

on of flow is unknown. Is the liquj

. . e liquid movi

;pward or mov.mg. downward in the pipe? If the pi?)e diarr(l)vtmg'
mm and the liquid viscosity is 3.0 X 10-3 s/m? wh s the

magnitude of the mean velocity in the pipe? s the

Elevation =10 m —

2 =110kPa gage

Elevation=0m — 4 — _ _|__ p=200kPag
age

PROBLEM 10.15

10.16 B’ 0il (S =
nominzl LZUSS ISll (S ; 0.97, n = 0479 Pa - 5) is pumped through a
pominal 2 m, schedule 80 pipe at the rate of 1 x 10~ m?/

at is the head loss per 30 m of level pipe? "
10.17 PLUs A liquid (p = |
Jorty L quid (p = 1000 kg/m* w = 107! N - $/2 m?%

2 .
/s) flows uniformly with a mean velocity of 1.5 m/s
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PROBLEMS 397
396 . CHAPTER 10 ¢ FLOW IN CONDUITS | 10.29 Glycerine at 20°C flows at 0.6 m/s in the 2-cm commercial 10.33 @S Water at 20°C flows through a 2-cm ID smooth
~~~~~~~~~~~ ) 200m steel pipe. Two piezometers are used as shown to measure the brass tube at a rate of 0.003 m*/s. What is Sfor this flow? Use the
in a pipe with a diameter of 100 mm. Show tha;1 th((e1 fll(c)):\sf ;Ser = 001 piezometric head. The distance along the pipe between the Swamee-Jain Eq. (10.39) in §10.6.
iamilr)lar. Also, find the friction factor fand the hea P 2m  f=001 ‘ st@dpiges is 1 m. The inclination (l>f the. pipe is 20°. What is the 10.34 Water (10°C) flows through a 25-cm smooth pipe at a rate
meter of pipe length. X from = height fhffer ence Ak between the glycerine in the two of 0.05 m*/s. What is the resistance coefficient £?
(o e (S = 0.80 and T = 20°C) flows fro standpipes?
10.1§nkGQh Kel'(;sne; through the 6 mm-diameter (ID) tube.
the tank shown

10.35 FLU%s What is ffor the flow of water at 10°C through a 10-cm
' st-i i ith loci £4 m/s?

Determine the mean velocity in the tube and the discharge. ROBLEM 10 S e
A:sume the only head loss is in the tube.

36 GO Aﬂmd(“ =10 ZN'S/ 2 / )
nl

with a mean velocity of 500 mm/s in a 100-mm-diameter smooth
the mean velocity of the glycerine exiting the pipe. Answer the following questions relating to the given flow
| T shown. Calculate e1 head loss is due to friction in the tube. conditions.
b7 15 tube. Assume the only he is th itude of th i locity in the pipe?
meter cm a. What is the magnitude of the maximum velocity in the pipe?
6 diame
/ e . o Zem b. What is the magnitude of the resistance coefficient f?
03m — ¢. What is the shear velocity?
PROBLEM 10.18 d. What is the shear stress ata radial distance of 25 mm
30 szo from the center of the pipe?
cm
=~ 4; . = 0.048 N + s/m?) is pumped ‘1' bem e. If the discharge is doubled, will the head oss per length
10.19 ﬂ-‘% Qll (St:l 5O.C9m’p}ine M ean velocity is 0.5 m/s. What i iV 1030 mﬁ} of pipe also be doubled?
on : >0 FLUS oy . . .
Fhrgugh:‘sm?rrc}zdrol;, per 10 m of pipe? of tubes 6 m 10.37 'FLUs Water (20°C) flows in a 16-cm cast-iron pipe at a
s the %ms As shown, SAE 10W-30 oil is pumped throughf?:ln PROBLEM 10.24 tube is 12 cm/s. The water temperature increases from 20°C at rate of 0.1 m*s. For these conditions, determine or estimate the
1020 ELUS : ing at a discharge o the entrance to 30°C at the exit. Calculate th diff following;
-cm-diameter drawn tubing a . ed to € entrance to atthe exit. Calculate the pressure erence
8 r8n5 lin?toh—gii;:n The pipe is horizontal, and the pressurei a:he 10.25 What nominal size of steel pg:’e Z}'l;’tl;l:c:i;(s) 8 km with across the heat exchanger, neglecting entrance losses but accounting a. Reynolds number
7. : . to operate : il at 32°C a di : i :
points 1 and 2 are equal. Find the power necesfsfli(%%? pl;operties carry 0.006 m>/s of ca;tor oz)lfa7t0 kPa (. = 4 Pa - 5)? Assume S for the effect of temperature change by using properties at b. Friction factor f(use Swame e-Jain Eq. (10.39) in §10.6.)
. iency o : e dro average temperatures.
pump, assuming the pump bas an eﬂjlae_ 7Y 6 X 1075 m%/s; an allowable pressur P 8 P c. Shear stress at the wall, 7,
f SAE 10W-30 oil: kinematic viscosity = 7. = 0.85. in a 30-cm pipe.
. ecific weight = 8630 N/m’. ’ 10.26 68" Velocity measurements are made in a
sp -

Th he center i 0 be . - ast-iron i e, 00006 /s O:.
is found be 1.5 m/S, and t 1 ltY t‘\ Sm \1 10 38 In a IOO'IHm uncoated ( p p 3
e velocity at t! m f

drop is N A water flows at 15°C, Determine f from Fig. 10.14.
i he pressure drop i -
1cm distribution is observed to be parak?ohc. Ift e I:he sure drop B e
2 l 4 < found to be 1.9 kPa per 100 m of pipe, what is .

"PLU% Determine the head loss in 270 m of a concrete
: id’s specific gravity %" pipe with a 150-mm diameter (k, = 0.06 mm) carrying 0.085
- - viscosity v of the fluid? Assume that the fluid’s sp o %“’ ‘ m?/s of fluid. The properties of the fluid are y = 3 x 10™*m?/s
f \/(Pump is 0.80. N the 5-cm ﬂ%* and p = 773 kg/m,
o . il (S = 0.8) through the 5- = —
8m ' 66 ° The velocity of 0il (S = 0 _
| PROBLEM 10.20 :31.(2)(7)th6;’)ipe is1.2m/s. Here L = 12m, z; = 1 m, z, = 2m, and 7

X 10.40 LU Points 4 and Bare 1.5 km apart along a 15-cm new
. irection, steel pipe (k, = 4.6 X 10~ m). Point B s 20 m higher than A.
the manometer deflection is 10 cm. Determulle the.ﬂO‘rNo(ilr ectio | PROBLEM 10.30 WithI; Izlof,v: from A to B of 0‘2) 3 ms of crude oilg(S = 0.82) at
= 0.479 Pa * s; v = 0.00053 m?/s) the resistance coefficient f, whether 'the flow is lamina L 10°C (u. = 1072N - s/m?), what pressure must be maintained at
10.21 P Oil (S =h0.89; “‘\:v_hi(.:h is 0.03 m in diameter and has turbulent, and the viscosity of the oil. e 500 s Turbulent Flow in Pipes (§10.6) A if the pressure at B is to be 300 kPa?
in the pipe, : . ; ) qre h the 50-m G . .
flows do\:;gga‘::t lllnthe hlz)gzontal- Mean velocity is 1 m/s. What is 10.28 The velocity of oil (S = 0.81t(})1r60;11;‘§ 2, = 1.2 m, and the 10.31 FEUs Use Flgme 10.14, Table 10.3, and Table 10.4 (in §10.6) 10.41 A pipe can be used to measure the viscosity of a fluid. A
aslope o radient (dp/ds) along the pipe? pipeis 1.5m/s. Here L = 9 m, z; —D .terl'l"lilfe the flow direction, to assess the following statements as True or False: liquid flows in a 1.5-cm smooth pipe 1 m long with an average
the pressure g manometer deflection is 100 mmh. t;e flow is laminar or a. Ifk/Dis 0.05 or larger, and the flow s turbulent, the velocity of 4 m/s. A head loss of 50 cm is measured Estimate the
the resistance coefficient f, W};et;l er 1 value of fis not dependent on Rep,. kinematic viscosity.
iscosity of the oil.
turbulent, and the viscosity b. For smooth pipes and turbulent flow, f depends on 1042165 ° For a 40-cm Pipe, the resistance coefficient fwas
30° \ ks/D and not Rep,, found to be 0.06 when the mean velocity was 3 m/s and the
~ \ <. Forlaminar flow, fis always given by f = 64/Rep, kinematic viscosity was 107 m¥/s. If the velocity were doubled,
Id you expect the head loss per meter of length of pipe to
21 ) - 7 - - would y P P g pip
PROBLEM 10 d. fRep =2 X 107 and k,/p 0.00005, then £ = 0,012, double, triple, o quadraple?
e. IfRep = 1000 and the Pipe is smooth, £ =0.04, e o .
. hown, for a given discharge, the £ T b 4 hness heigh & £ bt iron i 10.43 66 ° Water (10 C) flows with a speed of 1.5 m/s through
10.22 'PLU' In the pipe system s ’ ipe to the head © € sand roughness height k, for wrought iron is a horizontal run of pvC pipe. The length of the pipe is 30 m, and
io of the head loss in a given length of the 1 m pip 0.002 mm. -
ratio of the hea os;h f%h 2 m pipe is (a) 2, (b) 4, () 16, or (d) 32.
loss in the same length of the

1032 BEDs Water (21°C) flows through a nominal 1 00-mm,
. — 0o : ipe with a 150-mm s | 3 |
ot oy PIp et o st i .edule 40, PVC; pipe at the rate of 0.03 m_ /s. What is th'e
| e i | ®Sistance coefficient £ Use the Swamee-Jain Eq. (10.39) in §10.6. the head loss.
i al " he velocity distribution across the flow section, PROBLEMS 1027, 1028
turbulent? Plot the velo

i f radius.
in 12-mm increments o

Calculate (a) the pressure drop in kPa, (b) the head loss




10.44 Water (10°C) flows with a speed of 2 m/s through a
horizontal run of PVC pipe. The length of the pipe is 50 m, and
the pipe is schedule 40 with a nominal diameter of 65 mm.
Calculate (a) the pressure drop in kilopascals, (b) the head loss
in meters, and (c) the power in watts needed to overcome the
head loss.

10.45 LU Air flows in a 3-cm smooth tube at a rate of 0.015 m™/s.
If T = 20°C and p = 110 kPa absolute, what is the pressure drop
per meter of length of tube?

10.46 Points A and B are 4.8 km apart along a 600-mm new
cast-iron pipe carrying water (T = 10°C). Point A is 9 m higher
than B. The pressure at B is 140 kPa greater than that at A.
Determine the direction and rate of flow.

10.47 BiU%s Air flows in a 25-mm smooth tube at a rate of 1.42 X
10 2 m?¥s. If T = 25°C and p = 103.4 kPa, what is the pressure
drop per meter of length of tube?

10.48 @5 Water is pumped through a vertical 10-cm new steel
pipe to an elevated tank on the roof of a building. The pressure
on the discharge side of the pump is 1.6 MPa. What pressure can
be expected at a point in the pipe 110 m above the pump when
the flow is 0.02 m*/s? Assume T = 20°C.

10.49 ﬁa%\' The house located on a hill as shown is flooded
by a broken waterline. The frantic owners siphon water out
of the basement window and down the hill in the backyard,
with one hose, of length L, and thus an elevation difference
of h to drive the siphon. Water drains from the siphon, but
too slowly for the desperate home owners. They reason that
with a larger head difference, they can generate more flow.
So they get another hose, same length as the first, and
connect the 2 hoses for total length 2L. The backyard has a
constant slope, so that a hose length of 2L correlates to a
head difference of 2h.

a. Assume no head loss, and calculate whether the flow
rate doubles when the hose length is doubled from
Case 1 (length L and height /) to Case 2 (length 2L
and height 2h).

b. Assume h; = 0.025(L/D)(V*/2g), and calculate the
flow rate for Cases 1 and 2, where D = 0.025m, L =
15 m, and k = 6 m. How much of an improvement
in flow rate is accomplished in Case 2 as compared to
Case 1?

¢. Both the husband and wife of this couple took fluid
mechanics in college. They review with new apprecia-
tion the energy equation and the form of the head loss
term and realize that they should use a larger diameter
hose. Calculate the flow rate for Case 3, where L =
15m, h = 6 m, and D = 50 mm. Use the same
expression for hy as in part (b). How much of an
improvement in flow rate is accomplished in Case 3 as
compared to Case 1 in part (b)?

10.50 A train travels through a tunnel as shown. The train and

tunnel are circular in cross section. Clearance is small, causing all

air (15°C) to be pushed from the front of the train and

PROBLEM 10.49

discharged from the tunnel. The tunnel is 3 m in diameter and is
concrete. The train speed is 15 m/s. Assume the concrete is very
rough (k, = 0.015 m).
a. Determine the change in pressure between the front
and rear of the train that is due to pipe friction effects.
b. Sketch the energy and hydraulic grade lines for the
train position shown.
¢. What power is required to produce the air flow in the
tunnel?

Atmospheric
pressure

Atmospheric
pressure

Tunnel Train
/ —> 15m/s
| ||
— =E @ —

|
750 m ] l

1500 m
PROBLEM 10.50

10.51 Water (15°C) is pumped from a reservoir to a large,
pressurized tank as shown. The steel pipe is 100 mm in diameter
and 90 m long. The discharge is 0.03 m*/s. The initial water levels
in the tanks are the same, but the pressure in tank B is 70 kPa
gage, and tank A is open to the atmosphere. The pump efficiency
is 90%. Find the power necessary to operate the pump for the
given conditions.

PROBLEM 10.51

D———e ]

PROBLEMS 399

Solving Turbulent Flow Problems (§10.7)

10.52 Pt Using the i i pormont copper .
= ' - » 1 atm) will be t i i
daSSify( eac"h pmb%em it rfrgl;g;naat the t;egmmng of §10.7, horizontal copper tube over a disizzzg?)?ig(;n SN

: S case 1, case 2, ! d ot
Sty cach problem give  below s cas or case 3. For 0.1 m*/s. If the pressure drop in the tube should not efziee:cg

6 in H,0, what is the minimum pipe diameter?

10.58 (Z2 4 a1 .
860" A fluid with v = 107 m%/s and p = 800 kg/m> flows

through the 8-cm ized i
galvanized iron pi i
for the conditions shown in the fi ot the flow rae

a. Problem 10.51
b. Problem 10.54
¢. Problem 10.57

- gure.
10.(513t 13 plastic siphon hose with D = 1.2 cmandL =55m j
10 : | . =55m
psed l())e fi)ziutlhwatter (15°C) out a tank. Calculate the velocity irllS
€ two situations given b -
h=1m. & elow. Use H = 3 m and oipe has o P
slope of 1/10

@ p =150 kPa

Do i e
“\mm\—l

PROBLEM 10.58

a. Assume the Bernoullj e

head by qqation applies (neglect all

b. Assume the component head loss is zero,

head loss is nonzero, wnd the pipe

10.54 166 ° A plastic si 3

GO phon hose of length 7 m j i
miater (15°C) out of a tank. For a flow rag:t of ln; IIf/us‘ed i
diameter is needed? Use H=5mandh S
head loss occurs in the tube.

10.5? Determine the diameter of co
refqulred to convey 8.5 m3/s of water
of 0.3 i
mulﬁprlr; Elelr5300?n rrllll of plpe.h Assume pipes are available in the
it sizes when the di i
millimeter (that is, 250 mm, 300 mniaerfce)ters e pressedin
10;60 {XS pi[;eline is to be designed to carr
ll()j— 107" m?/s) with a discharge of 0.10 m
lometer of 50 m. What diameter of steel
power output from a pump is required to
Available pipe diameters are 20,22, and 2

what hose

mmercial stee] pj
= 0.5 m. Assume all i

at 15°C with a head loss

grcrude oil (S = 0.93,

/s and a head loss per
pipe is needed? What
maintain this flow?

4 cm.

Siphon hose
diameter D

| Combined Head Loss in Systems (§10.8)
| PROBLEMS 105 10.s 10.61 BLU’s Use Table 10,5
| coefficients, K, for the follo

10.55 BEY

LUS As shown, water (21

((.)n p- 381 in §10.8) to select loss
Wing transitions and fittings.
a. A threaded pipe 90° elbow

b. A 90° smooth bend with r/d=2
¢. A pipe entrance with r/d of 0.3

: °C) is draining fr
::ri)(udgh a gfllvamzed iron pipe. The pipe lengt}% is (zm=a3t Zlkth
ni depth is H = 1.2 m, and the pipe is 25-mm DN sche:iulz

4 L
0. Calculate the velocity in the pipe and the flow rate. Neglect

2. Calelate the el d. Anabrupt contraction, with 6 = 180°, and D,/D
> 2/

= 0.60
e. A gate valve, wide open

101.56 .As sbown, water (15°C) is drainin
§alvanized iron pipe. The pipe length is L = 2 m, the tank depth

isH:lmandthe . .

’ pPipeis a 15-mm DN sch

th itv i . schedule 40. C

e velocity in the pipe. Neglect component head loss aleulate

g from a tank thro LI
ugh a 10.62 'PLU's The sketch shows a test of an electrostatic air filter

The pressure drop for the filter is 75 mm of water when the

airspeed is 10 m/s. What is the mj
. € minor loss coeffici
filter? Assume air properties at 20°C FHcentforthe

Electrostatic filter

Pipe of diameter D

L

1

PROBLEMS 10.55, 10.56

PROBLEM 10.62
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(G, . intained in
10.63 PLU's If the flow of 0.10 m*/s ofwa(tlzr ;s to tl;f mzltrel:‘al;r;ethe
: t be added to the w
the system shown, what power mus . o
pum}l;? The pipe is made of steel and is 15 cm in diameter.

Elevation = 13 m (===

Elevation =10 m

X

. 40m | 40m
PROBLEM 10.63

10.64 Water will be siphoned through a 5 rTldm—ccllci);‘iNr:llevt;rs,tebaSket
. j an upside- :
1.2-m-long Tygon tube from a jug on O e

i inder as shown. The initial level o .
into a graduated cylin evelof the Water
jug i he tabletop. The graduated cy
the jug is 530 mm above t! ; ALY
i face in the cylinder is
500 mL cylinder, and the water surface
above theytabletop when the cylinder 1s.ful.la"ﬂ;<.e boeti(e)f; ?f }tl}:;ug .
i is 12 mm above the table. The inside diam :
zl(;rﬁz 1SCaLlculate the time it will take to fill the cylinder from an
initial depth of 50 mm of water in the cylinder.

T

300 mm

PROBLEM 10.64

10.65 Water flows from a tank through a 2.6-m lengt}fl (})lf .

gaivanized iron pipe 26 mm in diameter. At the enq odt.aren ;;t;;r
is wi The tank is 2 m in di .

is an angle valve that is wide open. .

l(!?'Ialculatge the time required for the level in theftandl;l ;(:1 tc‘};;r;%: ,
i tion for

10 m to 2 m. Hint: Develop an equation | .
if:(iﬁle level and ¢ if time. Then solve this equation numerically.

10 m

ﬁ Angle valve
l 2.6m il

PROBLEM 10.65

10.66 FLUS A tank and piping system is sh}(})w;m .The. gz;l(\)fzrlliz;}clle

e di i 1length of pipe is .

ipe diameter is 1.5 cm, and the tota . ‘
5&69013 elbows are threaded fittings. The vertlcall d{stanfctehfer(‘:vr;xter
i let is 5 m. The velocity o
the water surface to the pipe out : . T of the wate
i igi i the exit velocity of the wate:

in the tank is negligible. Find (a) i y < .
trl;)ttlie height (hg) the water jet would rise on exiting the pipe. The

water temperature is 20°C.

PROBLEM 10.66

10.67 A pump is used to fill a tank flr)on;l a re;ezlvc—nr(zszs/}g;wg.) The
i the pump is given by h, = hy Tax

lvlve}?(:lrep ;tj?sd;(;i rtr)l};ters,pQ isIzhe discharge th.roug}.l thetp;lgxg,o a:;i‘ .

Quax is 2 m*/s. Assume f = 0.018 arlld the pipe dlar}?elzvel e

In?tially the water level in the tank is the same.aslto (;a > Howlong

reservoir. The cross-sectional area of the tank 1s? m".

will it take to fill the tank to a height, k, of 40 m?

Pump
PROBLEM 10.67

10.68 (G0 ° A water turbine is connected toaa reservoir as -
sh(.>wn The flow rate in this system is 0.14 m°/s. What powe

be delivered by the turbine if its efficiency is 80%? Assume a

temperature of 21°C.

7 I

Steel pipe
/ d =300 mm 30m
I R
e T

il
fe—— L=300m

PROBLEM 10.68

to
10.69 /F1U's What power must the pump supply to the SYSt;th ;
u.mp ae :)ﬂ from the lower reservoir to the upper reservc;em
fate of 0.20 m>/s? Sketch the HGL and the EGL for the sys

T

p =940 kg/m3
v=10" m%s

Elevation=112m —

— Elevation =100 m

D=30cm Steel pipe

PROBLEM 10.69

10.70 @ A cast-iron pipe 300 mm in diameter and 60 m long
joins two water (15°C) reservoirs, The upper reservoir has a
water-surface elevation of 45 m, and the lower on has a water-
surface elevation of 12 m. The pipe exits from the side of the
UPPper reservoir at an elevation of 36 m and enters the lower
reservoir at an elevation of 9 m. There are two wide-open gate
valves in the pipe. (a) List all sources/of h; and the quantitative
factors associated with each. (b) Draw the EGL and the HGL for
the system, and (c) determine the discharge in the pipe.

10.71766° An engineer is making an estimate of hydroelectric
power for a home owner. This owner has a small stream (Q=0.06
m’/s, T = 5°C) that is located at an elevation H = 10 m above the
owner’s residence. The owner js proposing to divert the stream
and operate a water turbine connected to an electric generator to
supply electrical power to the residence. The maximum
acceptable head loss in the penstock (a penstock is a conduit that
supplies a turbine) is 0.9 m. The penstock has a length of 26 m. If
the penstock is going to be fabricated from commercial-grade,
plastic pipe, find the minimum diameter that can be used.
Neglect component head losses, Assume that pipes are available
in following sizes—that is, like 50 mm, 100’ mm, 150 mm, etc,

Penstock

T

Turbine and
generator

PROBLEM 10.71

10.72 The water-surface elevation in a reservoir is 45m. A
Straight pipe 30 m long and 150 mm in diameter conveys water
om the reservoir to an open drain. The pipe entrance (it is
abr Upt) is at elevation 30 m, and the pipe outlet is at elevation
18m. At the outlet the water discharges freely into the air. The water
®mperaty e i 10°C. If the pipe is asphalted cast iron, what will
¢ the discharge rate in the pipe? Consider all head losses. Also
draw the HGL and the EGL for this system.

PROBLEMS 401

10.73 PV

LU A heat exchanger is being designed as a component
of a geothermal power System in which heat is transferred from
the geothermal brine to a “clean” fluid in a closed-loop power
cycle. The heat exchanger, a shell-and-tube type, consists of 100
galvanized-iron tubes 2 cm in diameter and 5 m long, as shown.
The temperature of the fluid is 200°C, the density is 860 kg/m?,
and the viscosity is 1.35 X 107 N « s/m2. The total mass flow rate
through the exchanger is 50 kg/s.

a. Calculate the power required to operate the heat
exchanger, neglecting entrance and outlet losses.

b. After continued use, 2 mm of scale develops on the
inside surfaces of the tubes. This scale has an equivalent
roughness of 0.5 mm. Calculate the power required
under these conditions.

r\jm 2cm
_l\;\l—

L T

L
g e

Side view

PROBLEM 10.73

10.74 The heat exchanger shown consists of 10 m of drawn
tubing 2 cm in diameter with 19 return bends. The flow rate is
3 X10™* m’/s. Water enters at 20°C and exits at 80°C. The
elevation difference between the entrance and the exit is 0.8 m.
Calculate the pump power required to operate the heat
exchanger if the pressure at 1 equals the pressure at 2. Use the
viscosity corresponding to the average temperature in the heat

exchanger.
@
-—
80 cm
®
—_—
Pump
PROBLEM 10.74
10.75 'PLUs A heat exchanger consists of a closed system with a

series of parallel tubes connected by 180° elbows as shown in the
figure. There are a total of 14 return elbows. The pipe diameter is
2 cm, and the total pipe length is 10 m. The head loss coefficient
for each return elbow is 2.2, The tube is copper. Water with an
average temperature of 40°C flows through the system with a
mean velocity of 8 m/s. Find the power required to operate the
pump if the pump is 85% efficient.
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PROBLEMS 403

402 CHAPTER 10 ¢ FLOW IN CONDUITS

Threaded 10.83 Liquid discharges from a tank through the piping system equilateral triangle (all sides equal). The duct is 30 m long,
f er tubing with 10 cm diameter stecl pipe elbows shown. There is a venturi section at 4 and a sudden contraction at and the dimension of a side is 150 mm. The duct is constructed of
10.76 A heat exchanger consists of 15 m o Col:Prn elbows in the B. The liquid discharges to the atmosphere. Sketch the energy galvanized iron (k, = 0,15 mm). The mean velocity in the duct
an internal diameter of 15 mm. There are 14 retu The pump in Valve |7 and hydraulic gradelines. Where might cavitation occur? is 3.6 m/s. What is the pressure drop over the 30-m length?
system with a loss coefficient of 2.2 for each elbow. p I v '
the system has a pump curve given by o 4|m 7 S e
VA m
= 1= —> ] e T
hp hpO [ (Qmax L Ra .

where h,, is head provided by the pump at zero dischafgfi atrﬁ: Qmax i
510 Water at 40°C flows through the system. Fin z \
is 103 m?/s. Wate ) alues of h,o of 2 m, 10 m, and 20 m. s —
system operating point for values of A, e

-

Pump
M)

PROBLEMS 10.75, 10.76

f

10.77 @s Gasoline (T = 10°C) }is purﬁ};e;i f,rl(::lﬁtll:f 1giralz t:fnk 0
i arburetor through a 6-
Zfr‘a?]l;otf:];]::.%ti’;?;n; The line has five 90° smooth b(;ndsm "
ith an r/d of 6. The gasoline discharges through a 0.75-m iil

o the carburetor to a pressure of 96.5 kPa abs. The pressure )
1;11 t:nk is 101.3 kPa abs. The pump is 80% ef.ﬁc1.ent. What'powe
mzst be supplied to the pump if the auto‘moblle is Ct?:ss?r?;li -
fuel at the rate of 0.45 lpm? Obtain gasoline proper

A2 and A.3.

Carburetor

6 mm line (ID)

PROBLEM 10.77

10.78 Find the loss coefficient K, of the partially closild va‘llzlfieth
tha;t is required to reduce the discharge to 50% of the flow
the valve wide open as shown. '
10.79 The pressure at a water main is 350 kPa gage. \:/h:ft size
pipe i ater from the main at a rate
of pipe is needed to carry we araeol
160 m from the main?
0.025 m*/s to a factory that is i Assum
i ipe is to be used and that the p

that galvanized-steel pipe is ; .
requigred at the factory is 70 kPa gage at a point 8 m above

main connection. . ;
10.80 The 12-cm galvanized-steel pipe shown is 80}(: m lﬁl:)g ZE
dis.charges water into the atmosphere. The plpehned ZS 1 : 5pm

lobe valve and four threaded elbows; #; = 3 m alj4 t }21 ;
%Nhat is the discharge, and what is the pressure at A,
midpoint of the line?

Globe valve

PROBLEM 10.80

) 3
10.81 'PLU’s Water is pumped at a rate of 25 m /sd .fromtt}ll’eof
. i hich has a diamete:
rvoir and out through the pipe, W
1:-‘;‘(3) m. What power must be supplied to the water to effect

this discharge?

—— Elevation = 140m
— Elevation=135m

A\
7

D=15m

Elevation

0 Steel pipe
=100 m

PROBLEM 10.81

10.82 Both pipes in the system shown have an equivai;:ntwﬁh
sar.ld roughness k, of 0.10 mm and a flow rate olfz(z).l mD :;ermine

= =24cm,and L, = m.
D,=12cm,L, =60m, D, ' i
thle difference in the water-surface elevation between the tw

reservoirs.

PROBLEM 10.82

PROBLEM 10.83

10.84 The steel pipe shown carries water from the main pipe A
to the reservoir and is 50 mm in diameter and 72 m long. What
must be the pressure in Pipe A to provide a flow of 190 Ipm?

Elevation =27 m

Open globe valve

90° bends (threaded)

(4 - Elevation = 6
QTO mm galvanized pipe cvation=6m

PROBLEM 10.84

10.85 If the water surface elevation in reservoir B is 110 m, what
must be the water surface elevation in reservoir A ifa flow of
0.03 m%s is to occur in the cast-iron pipe? Draw the HGL and
the EGL, including relative slopes and changes in slope.

Elevation =110 m

B

L=150m
D=15cm
Cast-iron pipe

PROBLEM 10.85

Nonroynd Conduits (§10.9)

10.86 Bl Air at 60°F and atmospheric pressure flows in a
Orizonta] dyct with a cross section corresponding to an

PROBLEM 10.86

10.87 FLUS A cold-air duct 100 cm by 15 cm in cross section
is 100 m long and made of galvanized iron. This duct js to carry

air at a rate of 6 m¥/s at a temperature of 15°C and atmospheric
pressure. What is the power loss in the duct?

10.88 @ Air (20°C) flows with a speed of 10 m/s through a
horizontal rectangular air-conditioning duct. The duct is 20 m long
and has a cross section of 1. Calculate (a) the pressure dropin
meters of water and ( b) the power in watts needed to overcome
head loss. Assume the roughness of the duct is k; = 0.004 mm,
Neglect component head losses.

10.89 An air-conditioning system is designed to have a duct
with a rectangular cross section 30 cm by 60 cm, as shown,
During construction, a truck driver backed into the duct and
made it a trapezoidal section, as shown. The contractor, behind
schedule, installed it anyway. For the same pressure dro
the pipe, what will be the ratio of the velocity in the tr
duct to that in the rectangular duct? Assume the Darc
Weisbach resistance coefficient is the same for both ¢

.
,‘“ 60 cm ",

Before After
PROBLEM 10.89

p along
apezoidal
y-

ucts.

ot
7y

Modeling Pumps in Systems (§10.1 0)

10.90 What power must be supplied by the pump to the flow if
water (T = 20°C) is pumped through the 300-mm stee] pipe
from the lower tank to the upper one at a rate of 0.4 m3/s?

Elevation=235m —

0Om

¥

— Elevation =200 m
300 mm

=300 mm

100m\-]

PROBLEM 10.90




10.91 If the pump for Fig. 10.20b is installed in the system of
Prob. 10.90, what will be the rate of discharge of water from the
lower tank to the upper one?

10.92 A pump that has the characteristic curve shown in the
accompanying graph is to be installed as shown. What will be
the discharge of water in the system?

10.93 If the liquid of Prob. 10.92 is a superliquid (zero head loss
occurs with the flow of this liquid), then what will be the
pumping rate, assuming that the pump curve is the same?

- Pump curve

e {1l oo 3 R
3785 7570 1135515140 18925

0, lpm
PROBLEMS 10.92, 10.93

Pipes in Parallel and in Networks (§10.10)

10.94 @5 A pipe system consists of a gate valve, wide open

(K, = 0.2), in line A and a globe valve, wide open (K, = 10), in
line B. The cross-sectional area of pipe A is half of the cross-sectional
area of pipe B. The head loss due to the junction, elbows, and pipe
friction are negligible compared with the head loss through the
valves. Find the ratio of the discharge in line B to that in line A.

10.95 A flow is divided into two branches as shown. A gate
valve, half open, is installed in line A, and a globe valve, fully
open, is installed in line B. The head loss due to friction in each
branch is negligible compared with the head loss across the
valves. Find the ratio of the velocity in line A to that in line B
(include elbow losses for threaded pipe fittings).

e NI
= . =

PROBLEMS 10.94, 10.95

10.96 FtU’s In the parallel system shown, pipe 1 is 1200 m long

and is 50 cm in diameter. Pipe 2 is 1500 m long and 35 cm in

diameter. Assume f is the same in both pipes. What is the
division of the flow of water at 10°C if the flow rate will be

1.2 m%/s?

10.97 Pipes 1 and 2 are the same kind (cast-iron pipe), but pipe
2 is three times as long as pipe 1. They are the same diameter

(30 cm). If the discharge of water in pipe 2 is 0.03 m*/s, then
what will be the discharge in pipe 1? Assume the same value of f
in both pipes.

PROBLEMS 10.93, 10.97

10.98 Water flows from left to right in this parallel pipe system.
The pipe having the greatest velocity is (a) pipe A, (b) pipe B, or

(c) pipe C.

L = 1800 m, D = 550 mm

Pipe A =0.012
Pipe B
—» N L=600m,D=150mm s
£=0.020
Pipe C
pe L=1500m, D =300 mm

£=0015
PROBLEM 10.98

10.99 Two pipes are connected in parallel. One pipe is twice the
diameter of the other and four times as long. Assume that f in the
larger pipe is 0.010 and fin the smaller one is 0.012. Determine
the ratio of the discharges in the two pipes.

10.100 FEUs With a total flow of 0.4 m*/s, determine the
division of flow and the head loss from A to B.

—_—
L=1800m
D =550 mm
f=0.018

—_—

4 L=600m B
D =300 mm
£=0018

PROBLEM 10.100

10.101 FE0s The pipes shown in the system are all concrete.
With a flow of 0.7 m*/s of water, find the head loss and the
division of flow in the pipes from A to B. Assume f = 0.030
for all pipes.

L=900m
D =350 mm
L=600m
- D=600mm L =600m

4 D =300 mm

L=900m

D =750 mm

L=900m
D =400 mm

PROBLEM 10.101

(l) gct(r)SZf;‘; r}I:a:lallel Pipe system is set up as shown. Flow

s from tﬁ B. To. augment the flow, a pump having the

aracte ¢$ shown in Fig. 10.20b s installed at point C. For
al discharge of 0.60 m?/s, what will be the division of flow

between the pipes and what wi
at will be th
Assume commercial stee] pipe. eheadlosbetween Aand b1

—_

c | L=6000m
D=0.50m
L=2000m
i~ D=050m —
4 B

PROBLEM 10.102

kl)g(}l(:f . ll:o: tcllle gi;/len source and loads shown, how will the flow
ributed in the simple network, and wi
; , what will be th
llzlr)eas?szres at the Ic.>ad points if the pressure at the source ise 400
¢ Assume horizontal pipes and f=10.012 for all pipes

PROBLEMS 405

0.45 m¥/s
0.3 m¥/s
£
:
E £
E 5]
g 2
o~
D 300mm,300m £
N 0.15 m3
PROBLEM 10.103 o
10.104 Frequently in the design of pump Systems, a bypass lin
, e

Z«;lnll l):c ;;]Csé?ied In parallel to the pump so that some of the fluid
Mg i S: as shown. The bypass valve then controls the flow
e n pumy ierr%. Assume that the head—versus-discharge curve
mdo II:] 3/s ng;n by i, = 100 — 100Q, where hy is in meters
ook s. The bypass line is 10 cm in diameter. Assume
Coefﬁd}ernt afooss is thz?t due to the valve, which has a head-loss
poettc d.o -2. The discharge leaving the system is 0.2 m¥/s

e discharge through the pump and bypass line .

Valve

Bypass line

= 0.20m%s

Pump
PROBLEM 10.104



