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Description of Spreadsheets Included on the CD in the Book
Introduction

This book includes a CD-ROM that contains ten computational aids that are keyed to the
book. The files are written as Microsoft Excel spreadsheets using Version 2002 on Windows
XP.

The ten spreadsheets are all included in one workbook called Series Pipe Systems-Master.
The names of each spreadsheet described below are on the tabs at the bottom of the
workbook when it is opened. You must choose which is appropriate for a given problem.
Most names start with either /, /I, or /Il indicating whether the spreadsheet is for a Class /,
Class I, or Class /Il pipe line system as defined in Chapter 11 of the text.

The spreadsheets are designed to facilitate the numerous calculations required to solve the
variety of problems in Chapter 11 Series Pipeline Systems. Many of the spreadsheets
appear in the text. Others were prepared to produce solutions for the Solutions Manual. The
given spreadsheets include data and results from certain figures in the text, from example
problems, or in problems from the end of Chapters 8, 11, and 13 containing the analysis and
design procedures featured in the programs.

The following sections give brief descriptions of each spreadsheet. Many are discussed in
the text in more extensive detail. It is expected that you will verify all of the elements of each
spreadsheet before using them for solutions to specific problems.

Using the Spreadsheets: It is recommended that the given spreadsheets be
maintained as they initially appear on the CD. To use them for solving other
problems, call up the master workbook in Excel and use the "Save as" command to
name it something different. That version can then be used for a variety of problems
of your own choice. Be careful that you do not modify the contents of critical cells
containing complex equations. However, you are encouraged to add additional
features to the spreadsheets to enhance their utility.

The principles involved in the spreadsheets come from Chapters 6 - 11 and you should
study the concepts and the solution techniques for each type of problem before using the
given spreadsheets. It is highly recommended that you work sample problems by hand first.
Then enter the appropriate data into the spreadsheet to verify the solution. In most
spreadsheets, the data that need to be entered are identified by gray-shaded areas and by
italic type. Results are typically shown in bold type.



I Power SI: The objective of problems of this type is to compute the amount of power
required to drive a pump to deliver a given amount of fluid through a given system. Energy
losses are considered. All data must be in the listed Sl units. The solution procedure is for a
Class | series pipe line system. The following is a summary of the steps you must complete.

1. Enter the problem identification information first. The given data in the spreadsheet are
for example Problem 11.1 for the system shown in Figure 11.2.

2. Describe two appropriate reference points for completing the analysis of the general
energy equation.

3. Specify the required volume flow rate, Q, in m¥s.

4. Enter the pressures (in kPa), velocities (in m/s), and elevations (in m) at the reference
points in the System Data: at the top of the sheet. If the velocity at either reference point
is in a pipe, you may use a computed velocity from v = Q/A that is included in the data
cells for the two pipes. In such cases, you enter the Excel command "=B20" for the
velocity in pipe 1 and "=E20" for the velocity in pipe 2.

5. Enter the fluid properties of specific weight (in kN/m®) and kinematic viscosity (in m%s).

6. Enter pipe data, including flow diameter D (in m), pipe wall roughness a (in m from Table
8.2), and length L (in m). Other pipe-related data are computed by the spreadsheet.
Equation 8-7 is used to compute the friction factor.

7. Enter energy loss coefficients, K, for all loss-producing elements in both pipes. See
Chapters 8, 10, and 11 for the proper form for K for each element and for necessary
data. The value for K for pipe friction is computed automatically from known data in the
"Pipe" section. Specify the number of like elements in the "Qty."” column. Enter brief
descriptions of each element so your printout is keyed to the given problem and so you
can observe the energy loss contribution of each element. Space is given for up to eight
different kinds of energy loss elements. Enter zero for the value of the K factor for those
not needed.

8. The Results: section at the bottom of the spreadsheet includes the total energy loss h<,
the total head on the pump h¢, and the power added to the fluid by the pump P,. If you
enter an efficiency for the pump, the power input to the pump P, is computed.

I Power US: Same as Power Sl:, except U.S. Customary units are used. The given solution
is for Problem 11.29 for the system shown in Figure 11.26. The first reference point is taken
just before the pump inlet. Therefore there are no friction losses or minor losses considered
in the suction pipe. The length is given ta be zero and all K factors are zero for Pipe 1. In
Pipe 2, pipe friction, the loss in the elbow, and the loss in the nozzle are included.

I Pressure SI: Most of the layout and data entry for this spreadsheet are the same as those
in the first two spreadsheets, I Power Si, and | Power US. The difference here is that the
analysis determines the pressure at one point in the system when the pressure at some
other point is known. Class | systems with one or two pipe sizes including minor losses can
be analyzed. This spreadsheet uses the known pressure at some starting point and
computes the pressure at a downstream point, considering changes in elevation, velocity
head, pipe friction and minor losses. The example is the solution of Problem 11.7 for the

Vi



system shown in Figure 11.17. p, is assumed to be 100 kPa. p, is computed to be 78.21
kPa. Then Ap =-21.79 kPa.

I Pressure US: This spreadsheet is virtually identical to I Pressure SI: except for the
different unit system used. The example is the solution for Problem 11.3 using the system
shown in Figure 11.13. An important difference occurs here because the objective of the
problem is to compute the upstream pressure at the outlet of a pump when the desired
downstream pressure at the inlet to the hydraulic cylinder is specified. You should examine
the contents of cells B7 and B8 where the pressures are listed and E43 and E44 where the
actual calculations for pressure change are performed. The changes demonstrated here
between I Pressure SI: and I Pressure US: show how the spreadsheets can be adapted to
specific types of problems. Knowledge of the fluid mechanics of the problems and familiarity
with the design of the spreadsheet are required to make such adjustments accurately.

lI-A & II-B SI: This spreadsheet solves Class Il series pipe line problems using either
Method II-A or Method II-B as described in Chapter 11 of the text. SI Metric units are used.
Example Problem 11.3 using the system shown in Figure 11.7 is solved in the given sheet.

You should review the details of these sheets from the discussions in the book. In summary,
Method 1I-A is used for finding the maximum velocity of flow and volume flow rate that a
given pipe can deliver while limiting the pressure drop to a specified value, without any
minor losses. This is accomplished by the upper part of the spreadsheet only. Enter the
pressures at two system reference points in the System Data: near the top of the sheet.
Enter other data called for in the gray shaded cells. Refer to Example Problem 11.2 in the
text for an illustration of the use of just the upper part of this sheet to solve Class Il problems
without minor losses.

The lower part of the spreadsheet implements Method 1I-B for which minor losses are
considered in addition to the friction losses in the pipe. The solution procedure is iterative,
requiring you to assume a volume flow rate in the upper part of the lower section of the
spreadsheet that is somewhat lower than the result of the Method 1I-A solution directly
above. Enter the minor loss coefficients in the lower part of the spreadsheet. As each
estimate for flow rate is entered, the pressure at a target point, called p,, is computed. You
must compare this pressure with the desired pressure. Successive changes in the estimate
can be made very rapidly until the desired pressure is acceptable within a small tolerance
that you decide.

lI-A & II-B US: This spreadsheet is identical to /I-A & II-B: except for using the U.S.
Customary unit system. Problem 11.10 is solved in the example. The system in this problem
has no minor losses so the upper part of the spreadsheet shows the most pertinent data and
results. The lower part has been adjusted to use the same volume flow rate as the result from
the upper part and all minor losses have been set to zero. The result is that the pressure at
the target point, p,, is very near the desired pressure. The small difference is due to rounding
and a possible difference between the result from Equation 11.3 used to solve for Q in
Method 1I-A and the calculation of friction factor and other terms in Method 1I-B.

llI-A & llI-B SI: Class lll series pipe line problems require the determination of the minimum
required size of pipe to carry a given volume flow rate of fluid with a limiting pressure drop.
Both Method 11I-A and Method IlI-B as described in the text are shown on this spreadsheet.
If only pipe friction loss is considered, then only the upper part using Method Ill-A is
pertinent.
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Problem 11.18 is solved by the given spreadsheet data. Only pipe friction losses are
included and the solution computes that the minimum acceptable pipe flow diameter is
0.0908 m (90.8 mm). But the problem statement calls for the specification of the smallest
standard Type K copper tube. So the lower part of the spreadsheet shows the application of
a 4-in Type K copper tube having a flow diameter of 0.09797 m (97.97 mm). The
spreadsheet then computes the predicted pressure at the end of the system for the given
volume flow rate, 0.06 m'/s. Note that the result predicts that the pressure at the end of the
tube would be 48.13 kPa. In reality, the pressure there is zero as the problem states that the
flow exits into the atmosphere from the end of the tube. Actually, then, the 4-in tube will
permit a higher flow rate for the same pressure drop. You could use the spreadsheet /I-A 4
11-B SI: to compute the actual expected volume flow rate when using the 4-in Type K copper
tube.

Class lll systems with minor losses are demonstrated in the next spreadsheet.

IlI-A & HlI-B US: This spreadsheet is identical to Ill-A & IlI-B SI: described above except for
the use of U.S. Customary units instead of SI Metric units. The solution to Example Problem
11.6 from the text is shown and this spreadsheet is included in the text with extensive
description of how it is used. Please refer to the text.

The problem includes some minor losses so that both the upper part (Method IlI-A) and the
lower part (Method [11-B) are used. The result from Method lI-A predicts that the minimum
acceptable pipe flow diameter is 0.3090 ft if no minor losses are considered. Using a
standard 4-in schedule 40 steel pipe (D = 0.3355 ft) with the minor losses included in
Method 111-B shows that the pressure at the target point, p,, is greater than the minimum
acceptable pressure. Therefore, that pipe size is satisfactory.

System Curve US: This spreadsheet is the same as that shown in Figure 13.41 in Chapter
13 of the text. It is used to determine the operating point of a pump selected for the system
shown in Figure 13.40 and described in Example Problem 13.4. Refer to the extensive
discussion of system curves and this spreadsheet in Sections 13.10 and 13.14.

The spreadsheet includes two pages. The first page is an analysis of the total head on the
pump when the desired volume flow rate, 0.5011 ft*/s (225 gal/min), flows in the system.
This sheet is basically the same as that in the spreadsheet called I Power US:, discussed
earlier. But the final calculation of the power delivered by the pump to the fluid has been
deleted.

After seeing the required total head on the pump for the desired flow rate, the user has
selected a centrifugal pump, model 2x3-10 with a 9-in impeller, using the pump performance
curves from Figure 13.27. This pump will actually deliver somewhat more flow at this head.
The spreadsheet was used to compute data for the system curve that is a plot of the total
head versus the volume flow rate (capacity) delivered. Several data points for the resuiting
total head for different flow rates from zero to 275 gal/min were computed. These were
entered on page 2 of the spreadsheet and the system curve was plotted on the graph shown
there. Simultaneously, data from the actual performance curve for the selected pump were
entered and plotted on the same graph. Where the two curves intersect is the operating
point, predicting that the pump will deliver approximately 240 gal/min. Then you must go
back to Figure 13.27 to determine the other performance parameters at this operating point,
efficiency, power required, and NPSHx, (net positive suction head required).
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Note that no spreadsheet system using S| Metric units for operating point is included in this
set. It would be good practice for you to copy this given spreadsheet and convert it to Sl
Metric units. You should examine the contents of each cell to determine if the equations
must be modified with different conversion factors to achieve an accurate result.

Friction Factor: This is a simple spreadsheet whose sole purpose is to compute the friction
factor using Equation 8-7 from Section 8.8 of the text. We refer to this equation as the
Swamee-Jain Equation for its developers. See Reference 3 in Chapter 8.

The spreadsheet shows the computation of the friction factor for the data from Problem
8.28. Data entry is similar to that used in the other spreadsheets described above. Either SI
Metric or U.S. Customary units can be used because only dimensionless quantities are used
in the equation. But units must be consistent within a given problem. You might want to use
this spreadsheet to test your ability to read accurately the Moody Diagram, Figure 8.6.



HYDROFLO 2, HCALC, and PumpBase Software
by TAHOE DESIGN SOFTWARE
included on the CD with this book

APPLIED FLUID MECHANICS
Sixth Edition
Robert L. Mott

This book includes a CD that contains student versions of three powerful software programs
for the solution of a variety of pipeline design and analysis problems. Created by Tahoe
Design Software of Nevada City, CA, HYDROFLO 2, HCALC, and PumpBase can be used
for problem solutions in Chapters 8 and 10 -13 of the book. More information about Tahoe
Design Software and the professional versions of these programs can be found on their
website www.tahoesoft.com.

HYDROFLO 2 is a unique fluid conveyance system design tool for full pipe incompressible
flow conditions. It makes it easy to model and analyze fluid transport systems found in
industrial process, water supply, petroleum transport, mining de-watering and HVAC
systems. During the design process, you view a vertical elevation-scaled representation of
your fluid conveyance system in HYDROFLO's workspace. Elements (such as pipes, valves
etc.) can be added to your design with drag-and-drop and cut-and-paste ease.
HYDROFLO's clipboard enables near instant creation of duplicate parallel lines. Element
data and analysis results can be viewed simply by placing the cursor over an element.
HYDROFLO's Group Editor eliminates repef.itive and tedious editing tasks.

y

The academic version of HYDROFLO can model liquid conveyance systems with single
sources and single discharges and up to 20 pipes, 20 fittings and valves, 3 pumps, and up
to nine parallels. Gauges can be placed anywhere in a line to determine the pressure head
at a point of interest, to start or end parallels, or to depict elevation changes or vertical
bends in a line. Many conveyance systems include pumps in series or parallel and
HYDROFLO can easily analyze these systems. See Section 13.15 in the book.

Many types of fluid flow problems can be solved, such as

« Validation/calibration of existing pipeline systems.

» Modeling a proposed system’s operation.

« Determination of line head losses at a specific flow rate. (termed a forced-flow
system).

» Analysis of cavitation and net positive suction head (NPSH) problems.

« Comparison of equivalent S| unit to English unit designs.

» Modeling of recirculating and gravity (non-pumped) flow systems.

Pipe head losses can be calculated using the Hazen-Williams equation for water flow
(Section 8.9 in the book) or the Darcy-Weisbach equation for other types of incompressible
fluids. We use the term Darcy’s equation in the book. See Section 8.5.

HYDROFLQO's extensive liquid property database can be accessed to obtain hundreds of
liquid properties. Accurate analyses of liquid transport systems require use of precise liquid
property data. Your custom liquid property descriptions can be saved in HYDROFLO's



database for later use. System data can be entered and displayed in standard English, Si or
a mix of units.

HYDROFLO also performs NPSH, (net positive suction head available) calculations to
determine possible cavitation situations. Once a pump's operating conditions are found,
PumpBase can be used to find the best pumps for the application.

PumpBase provides an extensive searchable database for commercially available pumps
that meet the requirements for a given system. Only a few data values must be input for
basic operation of the program; the operating point for a desired volume flow rate at the
corresponding total dynamic head TDH and the total static head h,, as found from Eq. (13-
11). The program fits a second degree equation between those two points and plots that as
the system curve. See Section 13.10 in the book. The program will search its database,
select several candidate pumps that meet the specifications, and report a list that is ordered
by pump efficiency. You may select any candidate pump and call for its performance curve
to be displayed along with the system curve and listing of such operating parameters as the
impeller diameter, actual flow rate, power required efficiency, and NPSHg. You are advised
to verify that the selected pump meets all requirements.

More input data are required if the fluid is not cool water, a limit for NPSHx is to be
specified, or a certain type of pump is desired.

HCALC is a handy calculator tool that resides in the system tray for easy access. It
performs the calculations for any variable in the flow rate equation, Q = Ay, or the Darcy-
Weisbach equation, h, = fL/D)(v*/2g), when sufficient data are entered for fluid properties,
pipe dimensions, roughness, and so forth. Reynolds number and friction factor are also
calculated. You may select either Sl or U.S. Customary units.

Suggestions for use of these programs:

As with any software, it is essential that the user have a solid understanding of the
principles involved in the analyses performed by the software as well as the details
of data entry and interpretation of results. It is advised that practice with hand
calculations for representative problems be completed before using the software,
Then use the results of known, accurately-solved problems with the software to

_ verify that it is being used correctly and to gain confidence in its capabilities.

The following types of problems and projects can be solved with these programs:

Energy losses due to friction in straight pipes and tubes (Chapter 8)

Energy losses due to valves and fittings (Chapter 10)

Analysis of series pipeline systems (Chapter 11)

Analysis of parallel pipeline systems (Chapter 12)

Analysis of pumped pipeline systems (Chapters 11-13)

Selection of a suitable pump for a given system (Chapter 13)

Design aid for design problems such as those outlined at the end of Chapter 13.
Extensive system design as a senior design project.
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In the author’s own teaching of a first course in fluid mechanics, a design project is assigned
after class coverage of Chapter 11 on Series Pipeline Systems. Each student is given a
project description and data adapted from the design problems listed at the end of Chapter
13 after the Problems. They are expected to produce the design of a pumped fluid flow
system,

Given the need to pump a give volume flow rate of a specified fluid from a particular source
to a destination, completely define the configuration of the system, including:

Pipe types and sizes

Length of pipe for all parts of the system

Layout of the piping system

Location of the pump

Types and sizes of all valves and fittings and their placement

List of materials required for the system

Analysis of the pressure at pertinent points

Determination of the total dynamic head on the pump

Specification of a suitable pump having good efficiency and able to deliver the

required volume flow rate in the system as designed

» Assurance that the specified pump has a satisfactory NPSH to prevent
cavitation over the entire range of expected system operation

»  Written report documenting the design and analyses performed using good

report writing practice

The use of the Tahoe Design Software programs after learning the fundamentals of fluid
system design analysis allows more comprehensive exploration of possible designs and the
compietion of a more optimum design. The experience is also useful for students as they
move into career positions where the use of such software is frequently expected.
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CHAPTER ONE

THE NATURE OF FLUIDS AND THE
STUDY OF FLUID MECHANICS

Conversion factors

1.1 1250 mm(1 m/10° mm) = 1.25 m

1.2 1600 mm’[1 m*(10° mm)?*] = 1.6 x 10 m”

13 3.65 x 10 mm’[1 m*/(10° mm)’] = 3.65 x 10° m®
14 2.05 m’[(10° mm)*/m’] = 2.05 x 10° mm’

1.5 0.391 m’[(10° mm)*/m’] = 391 x 10° mm’

1.6 55.0 gal(0.00379 m*/gal) = 0.208 m’

80kmx103mx 1h
h km  3600s

1.7 =22.2 m/s

1.8 253 ft(0.3048 m/ft) =7.71 m

1.9  1.86 mi(1.609 km/mi)(10* m/km) = 2993 m
1.10  8.65 in(25.4 mm/in) = 220 mm

1.11 2580 ft(0.3048 m/ft) =786 m

1.12 480 f(0.0283 m*/f’) =13.6 m*

1.13 7390 cm’[1 m*/(100 cm)’] =7.39 x 10~ m®
1.14  6.35L(1 m/1000 L) =6.35 x 10> m’

1.15 6.0 ft/s(0.3048 m/ft) = 1.83 m/s

3 3 :
L16 250(? ft ><0.0283m lem ~ 1.18 m/s
min ft 60 s
Consistent units in an equation
3
117 p=52050km 10m o s

t 10.6s  km
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1.18

1.19

1.20

1.21

1.22

1.23

1.24

1.25

1.26

1.27

1.28

1.29

1.30

t 52s h

5 _ 1.50 km>< 3600 s — 1038 km/h

s 1000ft 1mi 3600s
foved x X

t 14s 5280 ft h

=48.7 mi/h

1.0mi 3600s

X =632 mi’h
57s

D=

~ |t

,o25_@G2km) 10'm 1min’
2 (47min)>  km  (60s)’

t=\/—§= ’m___(2)(13m) ~1.63s
a 9.81m/s’

, 2 _@@2km) 10°m  1ft  Imin® _ o ft
/2 (47min)>  km  03048m (60s)’ &

P R (O LCEL L YR
a 32.21t/s> 12in

= 8,05 x 10 m/s*

2

_mv’ _(15kg)(1.2m/s)° _jogke - m
2 2 ’ s

KE =10.8N-m

2 2 3 032 2 il
Kp = :(3600kg)x(16km) ><(10 n;i) o 1h i =35.6x103kg 2m
2 2 h km (3600s) s
KE=35.6 kN -m

kg -m’

2
S

=176 kN - m

2
Kp=" _ 75kgx(6.85m

2
) =1.76x10
2 2

S

. 2 . 2 2
m=2(KE):(2)(38.16N m)x( h J Jkg'm (36005)" 1km
v

2 315km)  §-N W2 (10° m)
2
. (D(38.6)(3600)°

=1.008 k
(31.5)*(10°) g &

= 2KE) (2)(94.6mN-m) 10" N lkgm 10°g
v’ (2.25 m/s)* mN N kg

. . 2
b= IZ(KE) _ [2A5N m)xlkg m/s — 1.58 m/s
m 12kg N

=374¢
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. ‘3 3 -
131 u=J2(KE):J2(212mN m) 107N 10°g Tkg-m _, ¢ s
m

175¢ mN kg N

mv® _ (1slug)(4 fi/s)? y 11b-s*/ft
2 2 slug

132 KE= =8.001b - ft

mo® _ wo' _ (8000 1b)(10 mi)’ y 1h? (5280 ft)?
2 2g  (Q)322fs)(M) (3600s)’ mi’

o (8000)(10)2(52802)2 b fi

(2)(32.2)(3600)

133 KE=

=267001b - ft

2 2 2
L4 gpeMU_wo_(1501)Q0fUsy oo o

2 22 (Q(22fUs?)

2

135 m=2EED 2B _ o615 _ 620 stugs

vt (22fUsY) fi

. 2 -2 2

136 w=28KE) 20220086 M) Imi  (3600s)

v’ s%(19.5 mi) (5280 ft) b

2
e QIB2DEEHCG00’ 3o
(19.5)°(5280)

2
137 e ,2g(KE)=J2(32.2ft/s Y(A0Tb-f) o
W 301b

2 .
138 e ,Zg(KE)z\/2(32.2ft/s JG00zin) 1Rt _ oo
w 6.00z 12in

139 ERA=_-2Wuns OGS _) 4o runs/game
14linnings  game

1.40 3.121runs>< 1game

= x 150 innings =52 runs
game  9innings

141  40runsx—.g2me  Jinnings

=129 innings
79runs  game

142  ERA= 4? I‘LITIS o 9 innings
123innings  game

= 3.59 runs/game
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The definition of pressure

1.43

1.44

1.45

1.46

1.47

1.48

1.49

1.50

1.51

1.52

p = F/A = 2500 Ib/[(3.00 in)*/4] = 354 Ib/in* = 354 psi

p = F/4 = 8700 1b/[x(1.50 in)*/4] = 4923 psi

3 3 2
120kN 10N, 107mm) _ 5 72x10° & =2.72 MPa

F
P T Z@5mm)y /4 kN m? m

F_388x10°N_ (10°mm)’

=30.9%x10° —155 =30.9 MPa

oA 7@ommy s W m
A #n(8.0in)"/4

p=f o 18000 3667 psi
A #z(250in)"/4

20.5x10° N #(50mm)’ ~ 1m’

- —— =40.25kN
m 4 (10° mm)

F = pA=(60001b/in*)(7[2.00in]"/4) = 18850 Ib

p:f_—_—_ IZ :_4.£2_: ThenD: £
A #nD°/4 =D zp
po [AQU000E " _,
7(5000Ib/in*)

3
p= Ao | _AB0ACN) g5, 107 m =505 mm
zp 7(15.0x10° N/m*)

Chapter 1



153  F=pd-= plzD*]_ 500 "’_(’?(D )’ _ 3957 01
4 in- 4
D(@in) D*(in®)  F(b) %0
100 1.00 393 :
200 4.0 1571 Force 15
3.00  9.00 3534  x1000) ':
400  16.00 6283 0
500  25.00 9817
6.00 3600 14137
7.00  49.00 19242
8.00  64.00 25133
154 poFo F; _ 4F2:4(50091t;):6366
A =D*4 =D x(Din) D’
D(in) D*in®)  p(psi) 6000
1.00 1.00 6366
200  4.00 1592 Pressure 4000
3.00  9.00 707 2000
400  16.00 398 0
500  25.00 255
6.00  36.00 177
7.00  49.00 130
8.00  64.00 99

1.55  (Variable Answers) Example: w =160 1b (4.448 N/Ib) =712 N

F

712N

(10° mm)’

X
A 7(20mm)°/4

p=2.27x 10° Pa (1 psi/6895 Pa) = 329 psi

1.56  (Variable Answers) using p =2.27 MPa
F=pd =227 x 10® N/m*}(z(0.250 m)*/4) =111 x 10* N = 111 kN

F=111kN (1 1b/4.448 N) = 25050 Ib

The Nature of Fluids
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Bulk modulus

1.57

1.58

1.59

1.60

1.61

1.62

1.63

1.64

1.65

1.66

Ap = ~E(AVIV) = —130000 psi(~0.01) = 1300 psi
Ap = ~896 MPa(-0.01) = 8.96 MPa

Ap = -E(AVIV) = =3.59 x 10° psi(~0.01) = 35900 psi
Ap = -24750 MPa(-0.01) = 247.5 MPa

Ap = ~E(AVIV) = —189000 psi(-0.01) = 1890 psi
Ap = -1303 MPa(-0.01) = 13.03 MPa

AVIV =-0.01; AV=0.01V=0.01 AL
Assume area of cylinder does not change.
AV=A(AL)=0.01 AL

Then AL =0.01 L =0.01(12.00 in) = 0.120 in

AV _—p _ -3000 psi
V. E 189000 psi

=-0.0159 =-1.59%

AV _~20.0MPa

= =-0.0153 =-1.53%
V. 1303MPa

Stiffness = Force/Change in Length = F/AL
Bulk Modulus = E = —f— =" 4
AVIV AV
But p = F/d; V= AL; AV = —A(AL)
-F._4AL _ FL
A -AAL) A(AL)

F__EA_1890001b7(0.5in)" oo .

AL L in?(42 in)4

s N2
F__EA_189000lb(0.5in)’ _ 000

(AL) L in2(10.0 in)(4)

F__EA _1890001b 7(2.00 in)*

—_—= — - =14137 Ib/in
ALy L in”(42.0 in)(4)

Use large diameter cylinders and short strokes.

Force and mass

1.67

610N 1 kg-m/s’?
9.81 m/s® N

m=2 = = 62.2 ke
g

4.2 times higher

16 times higher
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1.68

1.69

1.70

1.71

1.72

1.73

1.74

1.75

1.76

1.77

1.78

1.79

1.35x10° N 1kg-m/s’

=138k
9.81m/s’ N &

w
m:_—-:
g

w=mg = 825 kg x 9.81 m/s” = 8093 kg-m/s* = 8093 N

3

w=mg =450 g x 11 Ke L 0.81m/s? =441kg - m/s® =4.41N

0’g
2
m=Y= 3-—27——2%% =(.242 s _ 0.242 slugs
g 2 ft/s
m=2 = g—ggiq—ﬁl/?—; = 1.304 slugs
g 21ft/s
. 2
w=mg =158 slugs x32.2 f/s’ x ST _ 50011
slug
2
w=mg=0258 slugsx 32.2 /s’ x 25T _ g 31 1
slug
m="2= g—gff;)—z =4.97 slugs
g 2 ft/s

w=1601bx 4448 N/Ib=T12 N
m = 4.97 slugs x 14.59 kg/slug = 72.5 kg

m="= 100 0.0311 slugs

g 322f/5

m=0.0311 slugs x 14.59 kg/slug = 0.453 kg
w=1.001b x 4.448 N/Ib = 4.448 N

F=w=mg=1000 kg x 9.81 m/s* = 9810 kg-m/s* = 9810 N
F=9810 N x 1.0 1b/4.448 N =22051b

(Variable Answers) See problem 1.75 for method.

Density, specific weight, and specific gravity

1.80

1.81

8 = (52)57w = (0.876)(9.81 kN/m’) = 8.59 kN/m’

pi = (s2)ppy = (0.876)(1000 kg/m’) = 876 kg/m’

2 . 2
p=—§=12'023N>< s lkg-ms

=1.225 kg/m’
m 9.81m N

The Nature of Fluids



IN

1.82  y=pg=1964kg/m’*x9.81m/s* x ———— =19.27 N/m’
Yy=pPEg g/ m lkg-rn/52
3
183 sg=—to_ BBOKNMT 4003 0 50c
7, @4°C  9.81kN/m
3
sg=— Lo BABINML - g6q 1t 500C
7, @4°C  9.81kN/m
184 =2y Yo 2B 4w
v'" 7y 1304KN/m

1.85  V=AL=nzDL/4=r(0.150 m)*(0.100 m)/4 = 1.767 x 10~ m’

m 1.56kg 3
=M 0XE  _g83kg/m
Pem Yy T 167x107m’ Y
3
}/0=pog=883kg/m3><9.81m/s2x~——-—l§————2—=8.66x10 N_g66Xe
kg-m/s m m’

sg = po/py @ 4°C = 883 kg/m/1000 kg/m’ = 0.883

1.86 v =(sg)(3» @ 4°C) = 1.258(9.81 KN/m*) = 12.34 kKN/m* = w/¥V’
w=1yV = (12.34 KN/m*)(0.50 m*) = 6.17 kN
_w_617kN 10°N " kg - m/s
g 9.81m/s® kN

m =629 kg

1.87  w=9V=(s2)(»)(¥) = (0.68)(9.81 kN/m*)(0.095 m®) = 0.634 kN = 634 N

1.88  y=pg=(1200kg/m’)(9.81m/s*) ~| =11.77 kN/m’
kg-m/s
3
sg= Yo, ___1200kg/m3 ~1.20
p.@4°C 1000kg/m
189 y=2= 20N TN ) 72 x 107 m?
y (0.826)(9.81kN/m’) 10° N
1.90 7=pg=10803kgx9'81mx IN = 113<N = 10.59 kN/m’
m s 1kg-m/s® 10° N
1080 kg/m’®
sg=plp =-—-=—" =108
B= PPy 1000 kg/m’

191  p=(sg)(p,) = (0.789)(1000 kg/m’) = 789 kg/m’
y = (sg)(3,) = (0.789)(9.81 kKN/m’) = 7.74 kN/m’

8 Chapter 1



1.92

1.93

1.94

1.95

1.96

1.97

1.98

1.99

1.100

1.101

1.102

1.103

Wo=354N-225N=33.15N
V, = Ad = (xD*4)(d) = n(.150 m)*(.20 m)/4 = 3.53 x 107 m’

o= g o ~938%10° Nim® = 9,38 KN/’
¥V 3.53x10
sg:&_m = 0.956

. 9.81KN/m’

V= Ad = (xD*4)(d) = n(10 m)*(6.75 m)/4 = 530.1 m’
w =V = (0.68)(9.81 kN/m*)(530.1 m*) =3.536 x 10’ kN = 3.536 MN
m=pV = (0.68)(1000 kg/m’)(530.1 m’) = 360.5 x 10° kg = 360.5 Mg

Weastor oit = Veo * Voo = (9.42 KN/m’)(0.02 m*) = 0.1884 kN

po=t= OIS g px107m’
(13.54)(9.81 kN/m’)

w=vyV=(2.32)(9.81 kN/m’)(1.42 x 10 m’) =323 x 10° kKN=3.23 N

y = (sg)(%) = 0.876(62.4 1b/ft’) = 54.7 1b/ft’
p = (sg)(p,) = 0.876(1.94 slugs/ft’) = 1.70 slugs/ft’

3
p=L QU7 | 1shg 35, 107 stugsiit
g 32.21t/s 11b-s*/ft
2
y=pg=0.00381slug/ft’ (32.2 ft/s*) -1—}91—2—/& = 0.1227 Ib/ft’
slug

sg = y/(y» @ 4°C) = 56.4 1b/f’/62.4 1b/ft’ = 0.904 at 40°F
Sg = 7,/(3w @ 4°C) = 54.0 Ib/ft’/62 4 b/ft’ = 0.865 at 120°F

V= wiy =500 1b/834 Ib/ft’ = 0.600 ft’

_7.501b 7.48gal

d = 56.1 Ib/ft’
Vo 1gal ft>

Yo

g

Le?
A/ ) 74105 74 stugsite
322 ft/5° f*

¥, _ 561/
7. @4°C  62.41b/f

=0.899

ft*)
(50ga )7.48 al

w=yV =(1.258)

(62.41b) ~5351b
ft’

3
eyl = pgy L3208 3226 o0 1f

" =142 1b
ft s’ 7.48 gal

The Nature of Fluids



1.104

1.105

1.106

1.107

1.108

1.109

1.110

1.111

10

3 2 3
__,0_=1.20g>< m xlkgx(lo cm) ~1.20

sg = 3
P, com

1000kg 10°g

p = (sg)(p,,) = 1.20(1.94 slugs/ft’) = 2.33 slugs/ft’
= (sg)(h) = (1.20)(62.4 b/ft’) = 74.9 1b/ft’

501b ft’

0.0283 m’ y (10> cm)’
3

3
m

= 2745 cm®

V:.._‘/}}_:
v

X
(0.826)62.41b

ft’

m

= (sg)(h) = (1.08)(62.4 Ib/ft’) = 67.4 Ib/ft’

p = (0.79)(1.94 slugs/ft’) = 1.53 slugs/ft*; p = 0.79 g/cm’

728 in®

Vo™

w___ (195-050)b 1
V' (#(6.0in)*/4)(8.0in)

o T 569 Ib/ft’
t

SE = 7o/7w = 56.9 Tb/ft’/62.4 1b/ft’ = 0.912

DZ

-d

V=d.d="
4

_ m(30ft)’
4

x 22 ft =15550 ft’ x 7.48 gal/ft’

w=yV = (0.68)(62.4 Ib/ft*)(15550 ft’) = 6.60 x 10° Ib

Weo = Ve = (59.69 Ib/ft)(5 gal)(1 ft'/7.48 gal) = 39.90 Ib
w_ 39901 ft*

7.48 gal

=(.353 gal

Vm X
v 13.54(62.41b)

w=yV =(2.32)

(62.41b)

ft’

ft’

(8.64 in*)

3
__Q__ff_)_a_ = (.724 1b
1728 in

=1.16 x 10’ gal

Chapter 1
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CHAPTER TWO

VISCOSITY OF FLUIDS

2.1

2.2

23

24

2.5

2.6

2.7

2.8

29

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

12

Shearing stress is the force required to slide one unit area layer of a substance over another.
Velocity gradient is a measure of the velocity change with position within a fluid.
Dynamic viscosity = shearing stress/velocity gradient.

QOil. Tt pours very slowly compared with water. It takes a greater force to stir the oil,
indicating a higher shearing stress for a given velocity gradient.

N-s/m’ or Pa-s

1b-s/ft?

1 poise = 1 dyne-s/cm” = 1 g/(cm-s)

It does not conform to the standard SI system. It uses obsolete basic units of dynes and cm.
Kinematic viscosity = dynamic viscosity/density of the fluid.

m’/s

ft*/s

1 stoke = 1 em?/s

It does not conform to the standard SI system. It uses obsolete basic unit of cm.

A newtonian fluid is one for which the dynamic viscosity is independent of the velocity
gradient.

A nonnewtonian fluid is one for which the dynamic viscosity is dependent on the velocity
gradient.

Water, oil, gasoline, alcohol, kerosene, benzene, and others.
Blood plasma, molten plastics, catsup, paint, and others.

6.5 x 107 Pas

1.5 x 107 Pas

2.0 x 107° Pa-s

Chapter 2



2.21

222

2.23

2.24

2.25

2.26

2.27

2.28

2.29

2.30

2.31

232

2.33

2.34

2.35

2.36

237

2.38

2.39

2.40

241

1.1 x 107 Pa-s

3.0 x 107" Pas

1.90 Pa-s

3.2 x 107 Ib-s/ft’

8.9 x 107° Ib-s/ft*

3.6 x 107 Ib-s/ft’

1.9 x 107 1b-s/ft*

5.0 x 107 Ib-s/ft’

4.1 x 107 Ib-s/ft’

3.3 x 107 Ib-s/ft’

2.8 x 107 Ib-s/ft’

2.1 x 107 Ib-s/ft*

9.5 x 107 Tb-s/ft’

1.3 x 107 Ib-s/ft’

2.2 x 107 Ib-s/ft?

Viscosity index is a measure of how greatly the viscosity of a fluid changes with temperature.
High viscosity index (VI).

Rotating drum viscometer.

The fluid occupies the small radial space between the stationary cup and the rotating drum.
Therefore, the fluid in contact with the cup has a zero velocity while that in contact with the
drum has a velocity equal to the surface speed of the drum.

A meter measures the torque required to drive the rotating drum. The torque is a function of
the drag force on the surface of the drum which is a function of the shear stress in the fluid.
Knowing the shear stress and the velocity gradient, Equation 2-2 is used to compute the
dynamic viscosity.

The inside diameter of the capillary tube; the velocity of fluid flow; the length between

pressure taps; the pressure difference between the two points a distance L apart.
See Eq. (2-4).

Viscosity of Fluids 13



2.42

2.43

2.44

2.49

2.50

2.51

2.52

2.53

2.54

2.55

14

Terminal velocity is that velocity achieved by the sphere when falling through the fluid when
the downward force due to gravity is exactly balanced by the buoyant force and the drag
force on the sphere. The drag force is a function of the dynamic viscosity.

The diameter of the ball; the terminal velocity (usually by noting distance traveled in a given
time); the specific weight of the fluid; the specific weight of the ball.

The Saybolt viscometer employs a container in which the fluid can be brought to a known,
controlled temperature, a small standard orifice in the bottom of the container and a calibrated
vessel for collecting a 60 mL sample of the fluid. A stopwatch or timer is required to
measure the time required to collect the 60 mL sample.

No. The time is reported as Saybolt Universal Seconds and is a relative measure of viscosity.
Kinematic viscosity.
Standard calibrated glass capillary viscometer.

See Table 2.4. The kinematic viscosity of SAE 20 oil must be between 5.6 and 9.3 ¢St at
100°C using ASTM D 445. Its dynamic viscosity must be over 2.6 cP at 150°C using ASTM
D 4683, D 4741, or D 5481. The kinematic viscosity of SAE 20W oil must be over 5.6 ¢St at
100°C using ASTM D 445. Its dynamic viscosity for cranking must be below 9500 ¢cP at
—15°C using ASTM D 5293. For pumping it must be below 60,000 cP at —20°C using ASTM
D 4684.

SAE OW through SAE 250 depending on the operating environment. See Table 2.4.
SAE 70W through SAE 60 depending on the operating environment and loads. See Table 2.5.

100°C using ASTM D 445 testing method and at 150° C using ASTM D 4683, D 4741, or D
5481.

At -25°C using ASTM D 5293; at —30°C using ASTM D 4684; at 100°C using ASTM D 445.

See Table 2.4. The kinematic viscosity of SAE 5W-40 oil must be between 12.5 and 16.3 ¢St
at 100°C using ASTM D 445. Its dynamic viscosity must be over 2.9 cP at 150°C using
ASTM D 4683, D 4741, or D 5481. The kinematic viscosity must be over 3.8 ¢St at 100°C
using ASTM D 445. Its dynamic viscosity for cranking must be below 6600 cP at —30°C using
ASTM D 5293. For pumping it must be below 60 000 cP at —35°C using ASTM D 4684.

v =SUS/4.632 = 500/4.632 = 107.9 mm?/s = 107.9 x 10 m%/s
v=107.9 x 107 m%s [(10.764 ft*/s)/(m’/s)] = 1.162 x 107 ft*/s

SAE 10W-30 engine oil:

Low temperature cranking viscosity at —25°C: 7000 cP = 7000 mPa s = 7.0 Pa-s maximum

Low temperature pumping viscosity at ~30°C: 60 000 cP = 60 000 mPa s = 60 Pa-s maximum
Low shear rate kinematic viscosity at 100°C: 9.3 ¢St = 9.3 mm®/s = 9.3 x 10™° m?*/2 minimum
Low shear rate kinematic viscosity at 100°C: 12.5 ¢St = 12.5 mm®/s = 12.5 x 10™° m?/2 maximum
High shear rate dynamic viscosity at 150°C: 2.9 cP = 2.9 mPa s = 0.0029 Pa-s minimum

Chapter 2



2.56

2.57

2.58

2.59

2.60

2.61

2.62

2.63

2.64

2.65

Viscosity of Fluids

17=4500 cP [(1 Pa-s)/(1000 cP)] = 4.50 Pa-s
n=4.50 Pa-s [(1 1b-s/ft?)/(47.88 Pa-s)] = 0.0940 Ib-s/ft’

v=15.6 ¢St [(1 m¥/s)/(10° cSt)] = 5.60 x 107° m?/s
v=5.60 x 107° m%/s [(10.764 ft*/s)/(m*/s)] = 6.03 x 107° ft*/s

From Figure 2.12: v=15.5 mm%s = 15.5 x 10° m%/s
n=16.5x 107 Pa:s [(1 Ib-s/ft?)/(47.88 Pa-s)] = 1.36 x 10~ Ib-s/ft’
n=0.12 poise [(1 Pa-s)/(10 poise)] = 0.012 Pa-s = 1.2 x 107* Pa:s. SAE 10 oil

7= 0.94(9.81 kN/m®) = 9.22 kN/m’

(7,~y D ;
= D=16mm=16x10"m

= "I (Eq.2-9
n ™ (Eq. 2-9)

v=s/t=.250m/10.4 s =240 x 10~ m/s

“3_ N2 3
_ (77.0-922)kN(1.6x10°m)* _ 10 N:0.402§7s_ 0402 Pa. s

18 m*(2.40x107* m/s) kN m

Use Ymercury = 132.8 KN/m’ (App. B)

(p,— p,)D’
n=-——2— (Eq.2-4) 7, = 0.90(9.81 kN/m®) = 8.83 kN/m’

320l

Manometer Eq. using principles of Chapter 3:
Pr+Yey F Yol = ywh = Yoy = pa
P1— P2 = Yuht — Yol = W(ym — ¥5) = 0.177 m(132.8 — 8.83)—k§3— = 21.94—151\1—2~
m m

2 2 3
_ QLOMAKN/m)(0.0025m)* o szsx 10° N

32(1.58 m/s)(0.300 m) m

=9,04x 107> Pa-s

See Prob. 2.61. %= 0.94(62.4 Ib/ft’) = 58.7 Ib/ft’: D= (0.063 in)(1 ft/12 in) = 0.00525 ft
v=s/t=(10.0 in/10.4 s)(1 ft/12 in) = 0.0801 ft/s: % = (0.283 1b/in’)(1728 in*/ft’) = 489 b/

(7, —7)D® _ (489—58.7)Ib/f*(0.00525 ft)*
18v 32(4.82 fts)

=0.00207 1b s/ft* = 2.07 x 107 Ib-s/ft

See Problem 2.62. Use y, = 844.9 1b/ft’ (App. B): % = (0.90)(62.4 Ib/ft’) = 56.16 1b/ft®
= (7.00 in)(1 ft/12 in) = 0.5833 ft: D= (0.100 in)(1 f/12 in) = 0.00833 ft
Pr— P2 =h(m — %) = (0.5833 ft)(844.9 — 56.16) Ib/ft’ = 460.1 1b/ft*

(p, — p,)D* _ (460.1Tb/ft*)(0.00833 ft)?
3L 32(4.82 fi/s)(1.0 fi)

=0.000207 1b s/ft> = 2.07 x 107* Ib-s/ft?

77:

From Fig. 2.12, kinematic viscosity = 78.0 SUS

15



2.66  From Fig 2.12, kinematic viscosity = 257 SUS
2.67 v =4.632(188) =871 SUS
2.68 v=4.632(244)= 1130 SUS

2.69  From Fig. 2.13, 4 = 0.996. At 100°F, v=4.632(153) = 708.7 SUS.
At 40°F, v=0.996(708.7) = 706 SUS

2.70  From Fig. 2.13, 4 = 1.006. At 100°F, v=4.632(205) = 949.6 SUS.
At 190°F, v=1.006(949.6) = 955 SUS

271 v=6250/4.632 = 1349 mm’/s
272 v=438/4.632 =94.6 mm’/s
2.73  From Fig. 2.12, v=12.5 mm%s
2.74  From Fig 2.12, v=37.5 mm’/s

275  ¢=80°C = 176°F. From Fig. 2.13, 4 = 1.005. At 100°F, v=4690/4.632 = 1012.5 mm?s.
At 176°F (80°C): v=1.005(1012.5) = 1018 mm?s.

2.76  t=40°C = 104°F. From Fig. 2.13, 4 = 1.00. At 100°F, v= 526/4.632 = 113.6 mm%s.
At 176°F (80°C): v=1.000(113.6) = 113.6 mm%s.
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Kinematic Viscosity Conversions

Problem 2.77
SAE Viscosity Grades - Engine Oils
Kinematic Viscosity at 100 deg C
(mm?/s) SuUS
SAE No. Min Max Min Max
ow 3.8 - 38.9 -
5W 3.8 e 38.9
10W 4.1 - 39.8
15W 56 -— 446 e
20W 56 -— 446 -—
25w 9.3 - 56.8 -
20 5.6 9.3 446 56.8
30 9.3 12.5 56.8 68.3
40 12.5 16.3 68.3 83.2
50 16.3 219 83.2 106.6
60 21.9 26.1 106.6 125.1

Conversion method for both Problem 2.77 and 2.78:

Used method from Section 2.7.5 in the text.

1. 100 deg C=212degF.

S: From Fig. 2.13, A= 1.007

3: Read SUS for 100 deg F from Fig. 2.12,

4: Multiply A times SUS at 100 deg F to get SUS at 100 deg C (212 deg F)

Example: Given minimum kinematic viscosity = 21.9 mm?s for SAE 60

Read SUS at 100 deg F = 105.9 from Fig. 2.12
SUS at 100 deg C (212 deg F) = 1.007(105.9) = 106.6 SUS

NOTE: Results reported here used tabular values from ASTM 2161.
Values read from Fig. 2.12 may vary because of precision of graph
or reading of values from scale.

Problem 2.78 (See Problem 2.77 for method.)
SAE Viscosity Grades - Automotive Gear Lubricants
Kinematic Viscosity at 100 deg C
(mm?/s) Sus
SAE No. Min Max Min Max
70W 4.1 -—- 39.8 -
75W 41 - 39.8 -
8ow 7.0 - 49.1 -
85w 11.0 -— 62.8 -
80 7.0 11.0 49.1 62.8
85 11.0 13.5 62.8 72.1
90 13.5 24.0 72.1 115.8
140 240 41.0 115.8 192.6
250 41.0 — 192.6 --—-

Viscosity of Fluids
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Kinematic Viscosity Conversions

Problem 2.79
1SO Viscosity Grades
Kinematic Viscosity at 40 deg C
(mm?/s) SIS
ISO VG Min Nom Max Min Nom Max
2 1.98 22 2.40 325 33.3 34.0
3 2.88 3.2 3.52 356 36.6 376
5 4.14 4.6 5.06 39.6 411 426
7 6.12 6.8 7.48 46.0 48.1 50.3
10 9.00 10 11.0 55.4 58.8 62.4
15 13.5 15 16.5 716 77.4 834
22 19.8 22 24.2 97.0 106.3 115.9
32 28.8 32 35.2 136.2 150.5 164.9
46 41.4 46 50.6 193.1 214 235
68 61.2 68 74.8 284 315 347
100 90.0 100 110 417 463 510
150 135 150 165 625 695 764
220 198 220 242 917 1019 1121
320 288 320 352 1334 1482 1630
460 414 460 506 1918 2131 2344
680 612 680 748 2835 3150 3465
1000 900 1000 1100 4169 4632 5095
1500 1350 1500 1650 6253 6948 7643
2200 1980 2200 2420 9171 10190 11209
3200 2880 3200 3520 13340 14822 16305

Note: Method used is same as for Problem 2.77.
Temperature: t = 40 deg C =104 deg F
From Fig. 2.13, A = 1.000

Therefore, SUS values are read directly from Fig. 2.12.

18
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CHAPTER THREE

PRESSURE MEASUREMENT

Absolute and gage pressure

3.1

32

33

34

35

3.6

3.7

3.8

3.9

3.10

- 3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

Pressure = force/area; p = F/A

Absolute pressure is measured relative to a perfect vacuum.

Gage pressure is measured relative to atmospheric pressure.

Atmospheric pressure is the absolute pressure in the local area.

Pabs = Pgage + Patm

True.

False. Atmospheric pressure varies with altitude and with weather conditions.

False. Absolute pressure cannot be negative because a perfect vacuum is the reference for
absolute pressure and a perfect vacuum is the lowest possible pressure.

True.

False. A gage pressure can be no lower than one atmosphere below the prevailing
atmospheric pressure. On earth, the atmospheric pressure would never be as high as 150 kPa.

At 4000 ft, p,m= 12.7 psia; from App. E by interpolation.
At 13,500 ft, pum = 8.84 psia; from App. E by interpolation.
Zero gage pressure.

Peage = 583 — 103 = 480 kPa(gage)

Peage = 157 — 101 = 56 kPa(gage)

Peage = 30 — 100 = ~70 kPa(gage)

Peage = 74 — 97 = -23 kPa(gage)

Deage = 101 — 104 = -3 kPa(gage)

Pabs = 284 + 100 = 384 kPa(abs)

Davs = 128 + 98 = 226 kPa(abs)

Pressure Measurement 19



3.21

3.22

3.23

324

3.25

326

3.27

3.28

3.29

3.30

3.31

332

333

Pavs = 4.1 +101.3 = 105.4 kPa(abs)
Pavs =—29.6 + 101.3 = 71.7 kPa(abs)
Pavs = —86 + 99 = 13 kPa(abs)

Deage = 84.5 — 14.9 = 69.6 psig

Deage = 22.8 — 14.7 = 8.1 psig

Degage = 4.3 — 14.6 = -10.3 psig

Dgage = 10.8 — 14.0 = 3.2 psig

Degage = 14.7 — 15.1 = ~0.4 psig

Pavs = 41.2 + 14.5 = 55.7 psia

Pavs = 18.5 + 14.2 =32.7 psia

Paps = 0.6 + 14.7 = 15.3 psia

Pavs =—4.3 +14.7=10.4 psia

Pavs =—12.5+14.4=1.9 psia

Pressure-Elevation Relationship

334

3.35

3.36

337

3.38

3.39

3.40

20

p=vh=1.08(9.81 KN/m*)(0.550 m) = 5.83 kN/m” = 5.83 kPa(gage)

p =vh=(sg)ywh : sg = ply,h)
1.8201b f* 144 in?

sg=— X =1.05
in?(62.41b)4.0ft)  ft?
3
:£=52;75kNm - 670 m
y m® 7.87kN
64.001b 1ft2
=yh= 12.50 ft =5.56 psi
g T 144 in? psig
2
p=yh=2 5000« ~ 21,67 psig
ft 144 in

p=7vh=(10.79 KN/m*)(3.0 m) = 32.37 kN/m” = 32.37 kPa(gage)

= vk = (10.79 KN/m*)(12.0 m) = 129.5 kPa(gage)
p
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341 par=pa— 7o(64 in) = 180 psig — (0.9)(62.4 Ib/ft’)(64 in)(1 ft'/1728 in’)
Pair = 180 psig — 2.08 psi = 177.9 psig

342 pi=vh=(1.15)9.81 kN/m*)(0.375 m) = 4.23 kPa(gage)
343 pam=24.77 kPa(abs) By interpolation - App. E: v, =(13.54)9.81 kN/m’
Y= 132.8 KN/m’
DB = Pam + Yh =24.77 kPa + (132.8 kN/m’)(0.325 m) = 67.93 kPa(abs)
344 p=vyh=(0.95)(62.4 Ib/ft*)(28.5 ft)(1 ft*/144 in®) = 11.73 psig

3.45  p=50.0psig+yh=50.0 psig + 11.73 psi = 61.73 psig
(See 3.44 for yh = 11.73 psig)

3.46  p=—10.8 psig+yh=~10.8 psig + (0.95)

X 6.25 ft x ———
1n

(62.41b) 1ft?
ft3
p=-10.8 psig+ 2.57 psi = -8.23 psig

Poot _'ptop
Yo
_(35.5-30.0)Ib ft’ 144 in?
in?(0.95)(62.4 Ib) ft?

347 Propt Yol = poot i h=

=13.36 ft

348 0+ yoho + bty = Prot
Poo = VP _ 52.3KN/m’ —(9.81KN/m*)(2.80 m)

W

=2.94
7 (0.86)(9.81 kN /m’) "

h,=

349 0+ Yoho T Yubu = Poot
oo~ 7ol _125.3kN/m? —(0.86)(9.81KN/m*)(6.90m) _

hw= 6.84 m
7 9.81kN/m’
3.50 0+v,h + v,k = Poo; but iy =18.0 — 7,
70(18 - h2) + 'Yth :pbot
ISY() %hz + Ywh2 Phot = hZ(YW - YO) + ]8’}'0
= Poa 187, _1SBRN/’ —(Bm)BOO BTN _ o

ro—7, [9.81-(0.86)(9.81)]kKN/m’

351 p=vh=(1.80)(9.81 kN/m*)(4.0 m) = 70.6 kN/m* = 70.6 kPa(gage)
352 p=vh=(0.89)(62.4 Ib/f’)(32.0 ft)(1 /144 in®) = 12.34 psig

3.53  p=vh=(10.0 KN/m*)(11.0 x 10* m) = 110 x 10’ kN/m* = 110 MPa

0
3.54  phAn + vu(457 m) —7,(1.381 m) — y5 (0.50 m) = py;
Par = (13.54)(9.81 KN/m*)(.457 m) — (9.81 kKN/m’)(1.381 m) — (.68)(9.81)(.50)
Pair = (60.70 — 13.55 — 3.34) KN/m” = 43.81 kPa(gage)

Pressure Measurement



3.55

3.56

Prot = -34.0 kPa + 'Yaho + kaw
=-34.0 kPa + (0.85)(9.81 KN/m’)(0.50 m) + (9.81 kN/m*)(0.75 m)
Prot =—34.0 kPa +4.17 + 7.36 = -22.47 kPa(gage)

Phot = DPair + Yohf) + 'Ywhw
=200 kPa + [(0.80)(9.81)(1.5) + (9.81)(2.6)]kN/m’
Pror =200 + 11.77 +25.51 = 237.3 kPa(gage)

Manometers (See text for answers to 3.57 to 3.61.)

3.62

3.63

3.64

3.65

3.66

3.67

3.68

22

0

Pdn — Y -075 m) = 1,(0.10 m) = p,
pa=—(13.54)(9.81 kN/m*)(0.075 m) — (9.81)(0.10) = —10.94 kPa(gage)

Pat 7413 in) +v,(9 in) ~y,(32 in) = pp

. . 6241b . 1 (0.85)62.4)(19)
— PA =79 1n) — ¥,(19 in) = 9in x -
Po=PA= 19 In) ~¥(19 in) e I8 1728

Pr—pa = 0.325 psi —0.583 psi = -0.258 psi

s — V(33 in) +,(8 in) + y,(13 in) = pu
(85)62.4)1b . 18 (62.4)(20)

— P = Y.(8 in) —v,(20 in) = 8inx
Pa —Ps = Yo(8 in) —v,(20 in) 1728 in® 1728

Pa —ps = 0.246 psi —0.722 psi = ~0.477 psi

Ps + Yo(.15 m) + y,(.75 m) —y,(.50 m) = ps
Pa —ps = (.90)(9.81 kN/m3)(.15 m) + (13.54)(9.81)(.75) —(9.81)(0.50)
Pa—ps=(1.32+99.62 —4.91)kPa = 96.03 kPa

P+ vu(.15 m) +7,(0.75 m) —v,(0.60 m) = p,
pa—ps=(9.81 kN/m3)(0.15 m) + (13.54)(9.81)(0.75) —(0.86)(9.81)(0.60)
Pa —pe = (147 +99.62 —5.06)kPa = 96.03 kPa

0
D+ ¥u(-475 m) —y,(.30 m) + v,(.25 m) —7,(.375 m) = pa
Pa=Yn(-.725 m) —v,(.30 m) —y,(.375 m)

pa=(13.54)(9.81 kN/mS)(.725 m) —(9.81)(.30) —(.90)(9.81)(.375)
pa=(96.30 -2.94 —3.31)kPa = 90.05 kPa(gage)

PB t+ ¥u(6 in) +,(6 in) —y,(10 in) + y,(8 in) —v,(6 in) = py
Pa —Pr=7Yu(14 in) —y,(4 in) ~v,(6 in)
62.41b . 1 ft (62.4)(4) (.9)(62.4)(6)
—ps = (13.54)x x(14in) x - - 2
Pr=pa= (334 (i) s == e 1728

Pa —p=(6.85-0.14 —0.195) psi = 6.51 psi
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3.69  pr —vwl(2 ft) —7s(3 ft) +yu(11 ft) = pa
62.41b 1ft?  (.90)(62.4)3)
—p =7w(9 ft) —v,(3 ft) = x9ft x -
Pa =P =19 1t) =73 ) PE 144 in? 144
Pa —Ps=3.90 psi — 1.17 psi = 2.73 psi
62.41b 1t
3.70 aim T V(0.8 IN)=p,y = 0+ x 6.81in x — = (.246 psi
Datm T Y ) =Pa o 8 p
0
3.7 pantyerh=pa:h=Lsin 15°=0.115m sin 15°=0.0298 m
Pa=(0.87)(9.81 kKN/m*)(0.0298 m) = 0.254 kPa(gage)
0
372 a.  p#Ant Yu(.815 m) —v,(.60 m) = p,
Pa=(13.54)(9.81 kN/m’)(0.815 m) —(9.81)(.60) = 102.4 kPa(gage)
b.  Pam = Yuh = (13.54)(9.81)(.737) =97.89 kPa
pa=102.4 +97.89 = 200.3 kP(abs)
Barometers
3.73 A barometer measures atmospheric pressure.
3.74  See Fig. 3.14 and Section 3.7.
3.75  The height of the mercury column is convenient.
3 2.2
376  h=Lan_ 1_4’27 bt 144in° _3302f  verylarge (1034 m)
y, in“62.41b ft?
377 h=2929in  See Example Problem 3.13
378 h=760mm  See Example Problem 3.11
3.79  The vapor pressure above the mercury column and the specific weight of the mercury change.
380 Ap= 1ot Mereury 50— 1.25in
1000 ft
3.81 101.3 kPa — 760 mm of Mercury (See Ex. Prob. 3.11)
_ Thomm 5200 fix 228 _ 4347 mm
1000 m

h=760 —134.7 = 625.3 mm

DPam = 'Ymh =133.3 k—]:] x 0.6253 m = 83.35 kPa
m
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_ 848.71b 1t

382 pum =Yk = % 28.6in — 14.05 psia
Patm = PE 1728 in’ P
3
383 pum=tnh= 2510 30 65inx L 15,05 psia
ft’ 1728 in
3 -3
384 p=Pam 14210 0 172800 041 in

y.  in’ 8487  f

385  pam=Ymh = 1333 -k—N; x 0.745 m = 99.3 kPa(abs)
m

Expressing Pressures as the Height of a Column of Liquid

386 p=5.37inH,0 (1.0 psi/27.68 inH,0) = 0.194 psi
p = 5.37 inH,0 (249.1 Pa/1.0 inH,0) = 1338 Pa = 134 kPa

387 p=-3.68inH,0 (1.0 psi/27.68 inH,0) = —0.133 psi
p=-3.68 inH,0 (249.1 Pa/1.0 inH,0) = —917 Pa

3.88  p=3.24 mmHg (133.3 Pa/1.0 mmHg) = 431.9 Pa
p=3.24 mmHg (1.0 psi/57.71 mmHg) = 0.0627 psi

3.89 p=21.6 mmHg (133.3 Pa/1.0 mmHg) = 2879 Pa = 2.88 kPa
p=21.6 mmHg (1.0 psi/57.71 mmHg) = 0.418 psi

390 p=-68.2 kPa (1000 Pa/kPa)(1.0 mmHg/133.3 Pa) =-512 mmHg
391 p=-12.6 psig (2.036 inHg/psi) = -25.7 inHg

392 p=124inWC =124 inH,0 (1.0 psi/27.68 inH,0O) = 0.448 psi
p =12.4inH,0 (249.1 Pa/1.0 inH,0) = 3089 Pa = 3.09 kPa

393 p=115inWC = 115 inHLO (1.0 psi/27.68 inH,0) = 4.15 psi
p =115 inH,0(249.1 Pa/1.0 inH,0) = 28 646 Pa = 28.6 kPa

Pressure Gages and Transducers (See text for answers to 3.94 to 3.97.)
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CHAPTER FOUR

FORCES DUE TO STATIC FLUIDS

Forces due to gas pressure

41  F=Ap-4; where Ap = o — Pinsidc; A = #(12iny" _ 113.1 in’
Patm = Yl = 842? 1b x30.51in % 1712§3in3 =14.91 psi
F=(14.91 - 0.12)Ib/in® x 113.1 in>=1673 Ib

42  F=p-A=(1441b/in®)(x(30 in>)/4) = 10180 Ib

43  F=Ap-A4;A=236x 80 in” = 2880 in’

Ap =y = 221 1 20inx 171 ﬁ:ns = 0.0433 Ib/in?

F = (0.0433 1b/in®)(2880 in’) = 125 1b

44  F=p-d4; 4=0.9396 ft’ (App. F)
F = (325 1b/in)(0.9396 ft*)(144 in’/ft*) = 43973 Ib

7(0.030m)?

45 F=pA;A= =7.07x 10" m’

F=(3.50 x 10° N/m*)(7.07 x 10™* m?) = 2.47 x 10> N = 2.47 kN

46  F=pd; A=n(0.050 m)*/4 =1.963 x 107 m’
F=(20.5 x 10° N/m*)(1.963 x 10 m®) = 40.25 x 10> N = 40.25 kN

47  F=p-4; A= (0.800 m)* = 0.640 m’
F=(34.4 x 10’ N/m®)(0.64 m®) = 22.0 x 10° N = 22.0 kN

Forces on horizontal flat surfaces under liquids

48  F=pd;A=24x18in* =432 in’

56.781b 1ft?

p=7Yah= eI 12.3 ft x v 4.85 Ib/in®

F = (4.85 1b/in*)(432 in®) = 2095 Ib

49  F=p-A; A=n(0.75 in)’/4 = 0.442 in®

3
_ 8449 i LT
ft’ 1728 in’

P ="Yuwh =13.69 Ib/in’

28 in
F = (13.76 1b/in®)(0.442 in) = 6.05 Ib
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4.10  Force on valve = p-4; A = n(0.095 m)*/4 =7.088 x 107> m?

p=vh= 9'81§‘N % 1.80 m = 17.66 kN/m’
m

F=(17.66 x 10° N/m*)(7.088 x 107 m?) = 125 N Acts at center
EMiyinge = 0 = (125 N)(47.5 mm) — Fo(65 mm)
Fo = 5946 N-mm/65 mm = 91.5 N = Opening force

411 Fa=pgd;A=12x18m’=2.16 m’
PB = Pair + Yo(0.50 m) + v,,(0.75 m)
pr =52 kPa + (0.85)(9.81 kKN/m’)(0.5 m) + (9.81)(0.75) = 63.5 kPa
Fy=(63.5 x 10° N/m%)(2.16 m?) = 137 x 10* N =137 kN

412 Fg=pgd;A=2.0x12m’=24m’
pi =200 kPa + y,(1.5 m) +v,(2.6 m)
pp =200 kPa + (0.80)(9.81 kN/m’)(1.5 m) + (9.81)(2.6) = 237.3 kPa
Fp=(237.3 x 10° N/m®)(2.4 m%) = 569 x 10°> N = 569 kN

413 Fp=Ap-A; A=m(0.60 m)¥8 + (0.80 m)(0.60 m) + % (.60 m)(0.30 m)

A4=0.711 m* : Assume std. atmosphere above water.

Py = Patm + Yswh = 101.3 kPa + (10.10 kKN/m*)(175 m) = 1869 kPa
Ap = 1869 kPa — 100 kPa = 1769 kPa

Fp=(1769 x 10* N/m*)(0.711 m?*) = 1.257 x 10°N = 1.26 MN

Forces on rectangular walls

414  Fp=y(h2)4
= (62.4 Ib/f%)(1.8 ft)(8.0 ft)(3.6 fH) = 3235 1b

Jett
Fracts | wall, 1.20 ft from bottom of gate o e Fizr
4D #
Fr
Part (b) L 1zt L
ZMiinge = Fr(1.2 ft) — F;1(4.0 ft) + inge
Fip= Fp(1.2/4.0) = 3235 1b(0.30) = 970.5 1b on two latches
On each latch: F;, = (970.5 1b)/2=4851b
4.15  Length of sloped side = L = 15.5 ft/sin 60°
=17.90 ft Ny

A4=(17.90 ft)(11.6 ft) = 207.6 ft*
Fr=7(h/2)(4)
_78.501b 15.5ft
=
Fr=1263001b
h,=2/3 h=(2/3)(15.5 ft) = 10.33 ft
L,=2/3 L=(2/3)(17.90 ft) = 11.93 ft

x207.6 ft
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416  Fr=vy(h2) —%-filf x 6 ft x (12 f£)(20 ft)

Fgr=898501b
h,=2/3 h=2/3(12 ft) = 8.0 ft
Moment = Fp-4 ft = 359400 1b-ft

417  Fr=7.(h2)4

= (0. 86)9 SUKN 0.7 m x (1.98)(4.0) m?

Fr=46.8 kN
h,=2/3 h=(2/3)(1.4 m)=0.933 m
L,=2/3L=(2/3)(1.98m)=132m

7

L= d sin 45°
=1.98 m

Forces on submerged plane areas

4.18  Centroid is at midpoint of AB
h.=14in+4in=18in=1.50ft
AB =10.0 in [3-4-5 triangle]
L 2 =h +2=25in
d, 4 4

Area= AB -3.5ft= % -3.5=2.92 ft* (420 in?)

Fr=1vh.A=0.93(62.4 Ib/f*)(1.50 ft)(2.92 ft*)

Fr=2541b
3 3. 4
12 12
-4
L1, =t - 3300 =0.37in

“" LA (22.5in)(420 in®)
L.o=L,+037in=22.5in+0.37 in=22.87 in

419  h.=0.825m =825 mm
.= h, :825mm - 953 mm
cos30° cos30°

(450 mm )’
4

A= =1.59 x 10> mm? [.159 m?%]

Fr=vh.A=(0.85)(9.81 kKN/m*)(.825 m)(0.159 m?)

Fp=1.09 kN
4 4
1,=3’£=”(‘;% =2.013 x 10° mm*

9
L g = de . _2013x10 133 mm
; LA (953)1.59x10%)

L,=L.+ 133 mm=953+13.3 =966 mm

Forces Due to Static Fluids
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4.20

4.21

4.22

28

h.=3.0m; L. = h/cos 30°=3.464 m
D’ _7(24m)’

A= =4.524 m*
4
4 4
= D _ 7(2.4m) - 1.629 m*
64 64

Fr=1vh4 = (1.10)(9.81 kN/m’)(3.0 m)(4.524 m®)
Fr=146.5 kN
4
L=t - 189M ____pum
LA (3.464m)4.524 m?)
=104 mm
L,=L.+0.104 m=3.464+0.104 = 3.568 m

l B=251 See App. J

\ z=H-7=0.888

H=15 +
¢ - H—G’ 0.813 1t
y s

| G=15M

L.=a+15+2z=8.0/cos45°+1.5+z
=13.50 ft
h.=L.cos45°=955 ft
Fr=1vh.A = (62.4 Ib/ft*)(9.55 ft)(3.0 ft})
=1787 Ib
A=H(G+ B)2=1.5(4.02=3.0 ft’
3 2 2
L= H (G"+4GB+ B?) - 0551 '
36(G + B)

L,—L.=1/L.A=0.551/(13.50)(3.0) = 0.0136 ft = 0.163 in

L,=L.+0.0136 ft=13.50+0.0136 = 13.51 ft

L.=a+ 1.0 ft=3.0/cos 30° + 1.0 = 4.464 ft

h.= L. cos 30° = 3.866 ft

A =n(.5 ft)/4 = 0.196 ft*

Fr=1vh.4 = (0.90)(62.4 1b/ft*)(3.866 f1)(0.196 ft*)
Fr=42.61b

4 2
=720 7O _ 00307 '
64 64
gy Ao _ 000307
T LA (4.46)(0.196)

L,=L.+0.00351 = 4.468 {t

= 0.00351 ft

3 d

e
N

8oft
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423  L.= hJcos 40° = 0.855/cos 40° ]
=1.116 m
2
A =(300) + 1(—'2-0—)— =0.1607 m
FR = 'thA
= (0.90)(9.81 kN/m*)(0.855 m)(4) 12m  he
Fr=1213 kN
4 4
L= (0.300)*  7(.300) 1
12 64
1,=0.001073 m*
1 0.001073 / fa
L,—L,= = {
LA (1.116)(0.1607) a4
L,— L.=.00598 m = 5.98 mm AC=0.450 m
L,=1.122m y= ACcos 40° = 0.345m
h; =120 m-y=0.855m

424  A=nD"4=n(2.0)/4=73.142 ft*
FR = ’thA
= 62.4 1b/ft’ x 6.536 ft x 3.142 ft’
Fr=12811b

nD*

L= =().785 fi'

L0785
T LA (9.243)(3.142)

L, — L, = 0.027 ft = [0.325 in]
L,=9.270 ft

a=3.0/cos 45°=4.243 ft
L.=5+a=9243ft
h.=L.cos 45° =6.536 ft

425 L,=a+0.50m=0.76 m/cos 20° + 0.50
L.=1309m
h.=L.cos20°=1230m
A= (1.00)(0.60) = 0.60 m’
F=vh.A=(0.80)9.81 kKN/m*)(1.23 m)(0.60 m?)

Fr=5.79 kN
3 3 4
L= BH _0.60)(1.000 m* _ o 4
12 12
_ I 005

=0.0637 m = 63.7 mm

PO LA (1.309)(0.60)
L,=L.+0.0637=1372m

Forces Due to Static Fluids



4.26 a=—5—~20=25in \
4 ==
L.=a+25=50.0in=4.167 ft 3 T T
h=2 1. =400in=3333ft 4| 2m

i

2
5
A = (8)(50) = 400 in’( 1 ft*/144 in?) L \
=2.778 ft
FR = thA L’ \

= (1.43)(62.4 1b/ft*)(3.333 f)(2.778 %) %

in Fa

Fpo=826 Ib \ c

3 3 =
= BH _®O0) _gr 135500

2 12
.4
PR AN L
LA (50.0in)@00 in’)
= 4,167 in

L,=L.+4.167 in=54.167 in (4.514 ft)

427 707
[ 15m —>f == I
\ ’ /7-0.2120-0.313m 0.80 m /
'
A= "-“!?z-o.sumz J_ L
1= 0.88 x 107804 = 0.0347 m4 L
5
a=0.80 m/sin 70° = 0.851 m \l
Lo=a+05+y=0.851+0.50+0318=1.669 m 2 ¢/ y
h.= L, sin 70° = 1.569 m o
FR = 'thA
= (0.88)(9.81 KN/m®)(1.569 m)(0.884 m?)
Fr=11.97 kN
4
Ly—Lo=te - 003Tm 35,
LA (1.669 m)(0.884 m>)
=23.5 mm

L,=L.+0.0235m=1.669m +0.0235 m = 1.693 m
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4.28

4.29

\ / 7=02120=8.481n

a=101in/cos 30°=11.55in

2
A-%Q-aza.smz

lo = (6.86x10°)D* = (6.86x10°%)(40)* = 17 562 in*

L.=a+8+5y =11.55+8.0+8.48=28.03 in

h.=L.cos 30°=2427in[2.023 ft]
Fr=vhA

= (1.10)(62.4 Ib/ft')(2.023 ft)

(628.3in)(1 ft*)

144 in®
Fr=60581b
1 in*
L,-L. . 17 562 in 0.997

LA (28.03in)6283in%)

=7.135in
L,=L.+7.135in=129.03 in

—

b=20-§
= 1333 In

: !
7 T N\y-mnesern

0n—r |

gL =300 in?
4= BH (2)(30)(20) 300 in

_ BH®_30020)°
36 36
a= 18 in/cos 50°=28.0 in
Lo=a+6+b=280+6.0+1333
L.=47.341in
h.=L.cos 50°=30.43 in
FR = 'thA
Fr=62.4 1b/ft® x 30.43 in x 300 in®
ft3
1728 in®
I 6667 in*

L = 6667 in*

=329.61b

X

L,~L, < = 0.469 in

T ILA (4734in)(300 in%)

L,=L.+0.469 in=47.34+0.469 = 47.81 in

Forces Due to Static Fluids
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—

A =(0.60)(0.30) + 1(0.30)/4 0375 m heote
A=02507 m* | — .60 M —s] l
|

sdom Lo e
R
FR == ’YhLA

Fr=(0.67)(9.81 KN/m*)(0.525 m)(0.2507 m?)
Fr=0.865 kN = 865 N

430 k=L T
=0.375+0.150=0.525 m !
L)

3 4
[ = Q60030)  7O30)° _ oo
12 4
4
Ly Lo= Je - 0001748m =0.0133 m =13.3 mm

LA (0.525m)(0.2507 m?)
L,=L.+ 133 mm=525+13.3 =538 mm

431  (See Prob.4.30) A.=L.=0.150m

Fr="heA = (0.67)(9.81)(0.150)(0.2507) = 0.247 KN = 247 N
4
L L= te - O0OUT8M 6465 m = 46.5 mm
LA (0.150m)(0.2507 m?)

L,=L.+46.5 mm= 150 mm +46.5 mm = 196.5 mm

7 - ZAy _90x10° m’

432 -
A, 0.1253 m
=0.0718 m v
g B
Lo=h=Y =00718m=71.8 mm A=0.15m
A@m®) | F(m) AF(m’) I(m") h(m) AW
1 Rect. 0.0900 [0.075 [6.750 x 107 1.688 x 107 [0.00324]9.4 x 10”7
2 Semicire. ]0.0353 [0.0636 [2.245 x 107 5.557x 107° 0.00816{2.35 x 107
0.1253 9.000 x 107 2.243 x 107 3.30 x 10°°
|~IC =2276 x 10* m*
4 4
[-Lo=deo 227610 M 460553 m =253 mm

LA (0.0718m)(0.1253 m?)

L,=L.+253mm=97.1 mm
Fp=1vh.4=(0.67)(9.81 kN/m*)(0.0718 m)(0.1253 m?) = 0.059 kN =59 N
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4.33  Rectangular Wall

Fr=vy(h2)A4 l
= 62.4 Ib/ft* x 4.0 ft x (8.0 f1)(15.0 fr) he8oft
= 29950 1b l
2 2
L,= —3—h:~§(8.0 ft) =5.333 ft

434 G =10.0 ft - 8.0 ft/tan 60° = 5.381 ft

A= @ =61.52 fi2

_ _ H(G+2B) _

440ft=h =1L, H=at
3(G + B) l

Fr=vh.A4
Frp =624 Ib/f’ x 4.40 ft x 61.52 fi*
=16894 1b
= H(G +4GB + BY)
36(G + B)
_ 87538 +4(5.38)(10) +10°]
36(5.38 +10)
L-L.= T 3183 1761
LA (4.40)(61.52)
L,=L.+1.176 = 5.576 ft

=318.3 ft!

4.35 Rectangular Wall
AB = 8.0 ft/sin 60° =9.237 ft
A= AB x 15 ft = 138.6 ft*
Fr=y(h2)4
Fr=62.4 Ib/f® x 4.0 ft x 138.6 ft* = 34586 1b

L,= —32—(A—B) = %(9.237 ft) = 6.158 ft

H(G+2B) _4.6[1.2+2(3.856)]

436 y= =2.703 m
3(G + B) 3(1.2 +3.856)
he=H-79 =4.6-2703=1897m=L,
Fp=vhA Acts | page
= H(G2+ B) _ 4.6(1.2;-3.856) 1163
Fr=(1.10)(9.81 kN/m*)(1.897 m)(11.63 m%)
=238 kN
3 2 2
- HY (G +4GB+ B7) ~18.62 m*
36(G + B)
4
L~ L= 18.62m =0.844m

T LA (1.897m)(11.63 m?)
L,=L.+0.844 m=1897+0.844 =2.741 m

Forces Due to Static Fluids

H=48m

| 1.2m| View toward
<) ond wal
8= 12m + 4.8 mtan 60*~ 3.856 m
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437  Rectangular Wall: F = vh.A
Fr=(1.10)(9.81 kKN/m’)(4.60/2)m(4.6)(3.0)m’
=343 kN
Fy acts 1/3 from bottom or 2/3 from surface

L,= % (4.60 m) = 3.067 m

4.38

END WALL
AEEAEEE:
1.046 [0.75 [0.784 0.096

0.151 [0.15 ]0.023 -0.504
0.151 j0.50 10.075 —-0.154

> A4=1348m’ > Ay =0.882m’
s YAy _0.882m’

>4 1348 m?
h.=15m-Y =0.846m=1L,

OO

=0.654m

Fr = vhed = (0.90)(9.81 KN/m®)(0.846 m)(1.348 m?) = 10.07 kN
L=5L+ Ay;+hL+ 4y, + L+ 4y;

_ (0.697)(1.5)°
' 12

+(1.046)(0.096)° + +(0.151)(0.504)°

/ (0.503)(0.30)’
‘ 12

+(0.151)(0.154)°

I.=0.1960 + 0.0096 + 0.0011 + 0.0384 + 0.0030 + 0.0036 = 0.2518 m*

1 .
L,=L + LCA =0.846m+——q-g—5——1—§——m =0.846 + 0.221 = 1.067 m

(0.846)(1.348) L -1,

. (0.503)(0.60)’
36

[

4.39  Vertical back wall is rectangular —_
Fr=vh.A=y(h/2)(4) :
y=0.90(9.81 kN/m’) = 8.829 kN/m’ L,-10m
h2=150m/2=0.75m 150m
A4=(1.50 m)(1.20 m) = 1.80 m’

Fp = (8.829 kKN/m*)(0.75 m)(1.80 m?)
=11.92 kN Fr

L,= %xh:—g x 1.50m=1.00m

Back Wak —
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440  h.=L.=4.00 ft; 4 = (4.00)(1.25) = 5.00 ft’

Fr=vh.A = (62.4 1b/ft’)(4.00 ft)(5.00 ft}) ' ===
=1248 1b 200
I.= BH*/12 = (1.25)(4.00)*/12 = 6.667 ft* |
I 6.667 ft* he=Lg
p~Le= ——= 2 L H f 00 T
LA (4.00ft)(5.00 ft*) 2
= 0333 ft ) ‘ 2%
TMs = 0= Fy(1.667) - Fy(4.00) z=. |
_(1248)(1.667) _ ' F e
SMy; = 0= Fi(2.333) - F(4.00) ” s Ly
o= (24902333) _ o0
441 Water side: 300 " A t
Fy, = vu(h/2)4, ] ] w:‘; ‘ 0.50
— _ 2
A, =(2.50)(0.60) = 1.50 m B A _ l
F, =(9.81)(1.25)(1.50) = 18.39 kN 2 F o 2133
5 1687=L, ‘L 43100
L, =% :250=1.667m A 138=L, | 280
-3 PR 1
~ fa,
Oil side: o.Ls T
Fy = Yo(ho!2)4, 1 o.667
A, =(2.00)(0.60) = 1.20 m* N : Ry
F, = (9.81)(0.9)(1.00)(1.20) = 10.59 kN H

L, = 2 .200=13%3m
>3
YM; =0

= F, (1.967)~ F, (2.133)~ Fy(2.80)

Fy=[(18.39)(1.967) — (10.59)(2.133)])/2.80 = 4.85 kN «
Y M, =0=F, (0.833)— F, (0.667)- Fy2.80)

Fy=[(18.39)(0.833) — (10.59)(0.667)]/2.80 = 2.95 kN <«
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4.42

h,=38+y=38+5cos30°=4233in -
L. = hJcos 30° =48.88 in I
38

.:;4

FR = thA
A =n(10)/4 = 78.54 in® L
_ 62.41b 42.33in-78.54 in’ ) /
ft’ 1728 in’/ft’ /hf
Fr=120.11b — 7 /

4
749" _ 490.9 in* By

Fr

L=

c »

» Lo 10.0india.
L~ L= 49090 _p128in —\]\Z
(48.88in)(78.54in>) /

5.128

Sum moments about hinge at top of gate.

My =0 = Fi(5.128) — F.(5.00)

F,= {20118 _ 155 5 11y = cable foree
5.00in

Piezometric head

4.43

4.44

36

3
pu:13.8§<N N m =1.655m See Prob. 4.19
¥, m>  (0.85)9.81kN) for data.

hy=

hee=h.+h,=0.825m+ 1.655m=2.480 m

L.. = h./cos 30°=2.480 m/cos 30° =2.864 m

Fr="oheA = (0.85)9.81 kN/m*)(2.480 m)(0.159 m?) = 3.29 kN
I 2.013x10° mm*

Lpe—Lee= ——= < > = 4,42 mm
LA (2.864mm)(1.59 x10° mm~)

3
P, :250kNX m =2317m See Prob. 4.20

h,= =2.
Yoo~ m*  (L10)9.81kN) for data.

hee=h.+h,=3.000m+2317m=5317m
Loe = hooJcos 30° = 5.317/cos 30° = 6.140 m
Fr = Yopheed = (1.10)(9.81 KN/m*)(5.317 m)(4.524 m?) = 259.6 kN

4
Ly L= Jeo 16290 0586 m=58.6 mm
LA (6.140m)(4.524 m”)

Chapter 4



3 .3
4.45 h[,=—p—“= . 22.501bft ><1728;n
v. 1n°(1.43)(62.41b) 11t

=48.41in=4.034 ft See Prob. 4.26.

=h,+h,=40.0in+ 4841 in=88.41 in=7.368 ft

hCG
5 (35 .
Lee=he, (Zj =88.41 1n(zj =110.5 in=9.209 ft

Fr = Yosheed = (1.43)(62.4 Ib/f%)(7.368 £1)(2.778 £%) = 1826 Ib
I 83333 in*

Lpe - Lce = L= N 5 =1.885 in
LA (110.5in)(400 in”)
3 i .3
446 b= Lo 4.01b ft (728 8392 ft | See Prob. 4.28,

X
Voo in>  (1.10)(62.41b) ft’
hee = he+ h,=24.27 in+ 100.7 in = 124.97 in [See Prob. 4.28]
Lee = he/cos 30° = 1443 in=12.03 ft
Fr=vrcheA = (1.10)(62.4 1b/f')(124.97 in)(1 ft/12 in)(628.3 in®)(1 ft*/144 in?)
Fr=31191b
I 17 562 in*

Lpe - Lce = = _ ) =0.194 in
LA (1443in)(6283 in’)

Forces on curved surfaces

447 R=075mw=2.00m; Fp=y-V=y4w T ,
3 7(0.75) 3

Fy=9.81 kNAn' x | (1.85)0.75) + === x 2.00m ¢,-138m| _ +

= 35.80 kN 1 — 381

A
5= ANt AX, = mar;- 5,
A + 4, $=0.75 Za
Ay = (0.75)(1.85) = 1.388 m’ L L
Ar = 1(0.75)%/4 = 0.442 m’ Forces shown ' Ny, )
acting on fluid.

- _ (1388)(375) + (0440)(0318) _ o0 5

1.388+0.442
he=hy +s/2=185+0.75/2=2.225m
Fy=vyswh,=9.81 kN/m® x (0.75)(2.00)(2.225)m’

Fy=3274 kN
st 0.75

hy=hot+ S —=2225+—"2__ =2225+0.021=2.246m
1 12(2.225)

Fr=F? + F? =/35.89° +32.74* = 48.58 kN
F 35.89

= tan"' L = tan” o = 47.6°
$= tan £, 374

Forces Due to Static Fluids
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448 Fy=yV=vydw l
Fy=(0.826)(9.81 kN/m*)(1.389 m?)(2.50 m) = 28.1 kN
A=A, +4,=(0.62)(1.25) + 1(1.25)"/8 0.62
A=1389 m’
Fy = 0 because horiz. forces are balanced ~+

Fr=F,=28.1kN \l//

&
449  y;=Rsin 15°=3.882 ft | Acos 15 |
s=R—-y =15.00-3.882=11.118 ft ! Hdsn
he=h+y +s/2 A,
=10.0 + 3.882 + 5.559 L'— f—
h.=19.441 ft h = 10.00
Fyy=vhesw = (62.4)(19.441)(11.118)(5.00)
Fy=674371b h
" : Pt o=
h,=h.+ —— =19.441 +0.530 ft Y,
12k,
h,=19.971 ft
Fy=yV=vy4dmw £ 15.00
A; = (14.489)(10.0) = 144.89 ft* H
Ay = -12- ()R cos 15°) = -;— (3.882)(14.489) ‘1
=28.12 f o
Ay =nR*- e =1(15.0) e
360 360
= 147.26 ft’

Ap=A; + Ay + 43 = 32027 ft*

Fy=vy4w = (62.4)(320.27)(5.00)
=99,925 Ib

x = 14.489/2 = 7.245 ft

Xy = % (14.489) =9.659 ft

x3 = b sin 37.5° where b = 38.197

Rsi S°
__§113_(_3_7:_5_) =9.301 ft (from Machinery's Handbook)

x3=9.301 sin 37.5° = 5.662 ft

5= AT AN TAY 6 3g g
AT

Fr=\F? + F? =\/67437°+99925% = 120550 Ib

B fan o = 56

= -1 -
#= tan £ 37

(o]
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450 Fy=vy,V=1y,4w
A=A, + 4, = (7.50)(9.50) + n(7.50)*/8
A=9334ff
Fy=1v,Aw = (0.85)(62.4)(93.34)(3.50)
Fy=173281b = Fy
Fy = 0 because horiz. forces are balanced

451 s5s=R-y=6.00-5.196=0.804 m
ho=h+y+s/2=520+5.196 +0.402

h.=10.798 m
Fy = yswh, = (0.72)(9.81)(0.804)(4.00)(10.798)
Fy=2453 kN

2 0.804

hy=h.+ —=— =10.798 +
124,

h,=10.798 + 0.0050 m

h,=10.803 m

Fp=vyV=yA4w

Ay = (5.20)(3.00) = 15.60 m’

Ay = % (3.00)(5.196) = 7.794 m*

12(10.798)

30 _ 7(6.0)°

| Fv=fa

—— A sn20"-300m

o

520m=nh

y= Rcos 30
y=5.196 m

—

h

Fu

Ay =nR* - =9.425 m®
360 12
Ap=A;+ Ay + 4; = 32.819 m?
Fy=yAw = (0.72)(9.81)(32.819)(4.00)
=927.2 kN

% =3.00/2 =1.500 m
x =2(3.00)/3 =2.00 m

) Rsin 15°
x3 = b sin 15° where b = 38.197———1—§-
x3 = (3.954)sin 15°=1.023 m
<= Ax, + Ayx, + A,y 1482 m

A,

Fp=\[F2 + F} =/2453? 1 927.2° =959.1 kN

1 E} “‘t -1 927.2
F, " 2453

=75.2°

¢= tan~

Forces Due to Static Fluids

Forces shown

f  acting on fluid.

= 3.954 m (from Machinery's Handbook)
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4.52

4.53

40

Fy=vy4w
A=A, + 4, =(1.20)(2.80) + n(1.20)"/4 = 4.491 m’
Fy=(9.81 kN/m*)(4.491 m*)(1.50 m) = 66.1 kN

x; = 0.5(1.20) = 0.60 m; x; = 0.424(1.20) = 0.509 m

Ax, + Ax, (3.36)(.60) +(1.13)(0.509)
4, 4.491

=0.577 m
he=h+s/2=2.80+1202=3.40m
Fy=yswh, = (9.81)(1.20)(1.50)(3.40) = 60.0 kN

X =

2 2
By=h+ = =340+ 420 5435
12h, 12(3.40)
Fp= \F? + F? =\66.1° + 60.0° =89.3 kN
F, 66.1
= tan~' -L = tan "~ =47.8°
#= tan 3 tan” -
A, =(1.20)(2.80)=3.36 m’
= (1-20)(2.80) A=3.669 m*
A, =R*~7R*/4=0.309 m*

Fy=vy4w = (9.81)(3.669)(1.50) = 54.0 kN

x1=1.20/2=0.60 m

x; = 0.2234R = 0.268 m [Machinery's Handbook)

_ Ax +4,x, (3.36)(0.60) +(0.309)(0.268)

A 3.669

X =0572m

h,=h+s/2=280+0.60=3.40m

Fr=vyswh, = (9.81)(1.20)(1.50)(3.40) = 60.0 kKN
2

=]

s 1.20°
hy= b+ =3.40 + =3.435m
125, 12(3.40)
Fr= \F? + F? =\54.0> + 60.0° =80.7 kN
F, 54.0
= tan”' = tan” = = 42.0°
#= tan F, tan” =

|1.2oml
4
=
hy=34gs | T | h=280m
12
! Y
E :‘2+ R=5=120m
M S
5/4 J#l
FV
33 H- i
| 120
A
|4 |h=280m
-+
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4.54

4.55

4.56

4.57

4.58

A =zD*8 = n(36)%/8 = 508.9 in> =3.534 ft’ =_—=y —

Fy=yAw = (0.79)(62.4)(3.534)(5.0) = 871 Ib
¥ =0.212D = 0.212(36 in) = 7.63 in
he=h+s/2 =48 +36/2 = 66.0 in = 5.50 ft o
Fu = yswh, = (0.79)(62.4)(3.0)(5.0)(5.50) h=43in hy = 67.6 in
Fy=4067 Ib
h=ho= 5 =66+ 35 _ —67.64in
7 12k 12(66) —
Fr= \/FVz + F2 =4/871% + 4067 =41591b |A
F, 871 $-b=3h + 2
¢=tan' L =tan' —— =12.1° l — g
F, 4067 Ay
X r— x{ acting on fluid.
See Prob. 4.47
(e o ) 7.5 kN/m? | Fle,
Eq. Depth=h,= £=—2——"_ =0.765m
y 9.81kN/m

h,=h +h,=1.85+0.765=2.615m; h, = hy. + 5/2=2.615+0.75/2 = 2.990 m
A1 =(0.75)(2.615) = 1.961 m?; 4, = 0.442 m*; 4, = 2.403 m?

Fy=1yA4w = (9.81)(2.403)(2.000) = 47.15 kN

_ Ax +Ax,  (1.961)(0.375) +(0.442)(0.318)

x =0.365 m

4, 2.403
Fir=yswhe, = (9.81)(0.75)(2.00)(2.99) = 44.00 kN

2 2
oo — hop= —>— = 075 _ 016 m=16 mm
12k,  12(2.99)

Fp= \F? + F2 =\J47.15* + 44.00* = 64.49 kN

F 47.15

= tan~' L = tan~ —— = 47.0°
P= tan” =t 00
(See Prob. 4.48)
2
Eq. Depth = h, = 2=+ KN/ m — =0.574m
7 (0.826)9.81kN/m’)

he=h +h,=062m+0574m=1.194m
A =(1.194)(1.25) + n(1.25)%/8 = 2.106 m’
Fy=yAw = (0.826)(9.81 kN/m*)(2.106 m*)(2.50 m) = 42.66 kN = Fj

Net horizontal force = 0

From Section 4.11, net vertical force equals the weight of the displaced fluid acting upward

and the weight of the cylinder acting downward.
wy=y V= (62.4 Ib/ft)(0.164 ) =102 Ib

D’ 7(6.00 in)’ ft’
4 4 28 in’

Vy=AL= L =0.164 ft’

-10.0 in = 282.7 in® x
17

We=7.V = (0.284 1b/in*)(282.7 in’) = 80.3 Ib
Net force on bottom =w, — w,= 80.3 ~ 10.2 =70.1 1b down

See Prob. 4.57. w,=1021b
w.=v.V=(0.100 1b/in®)(282.7 in®)=28.271b
Fra=w,—wy=2827-10.2=18.07 b down

Forces Due to Static Fluids
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4.59  SeeProb.4.57. w,=10.21b
We =7,V = (30.0 Ib/ft’)(0.164 ft’) = 4.92 Ib
Foet=w,—wy=4.92-10.2=5.281b up
But this indicates that the cylinder would float, as expected. Then, the force exerted by the
cylinder on the bottom of the tank is zero.

4.60  The specific weight of the cylinder must be less than or equal to that of the fluid if no force is
to be exerted on the tank bottom. '

4.61  (See Prob. 4.57.) Because the depth of the fluid does not affect the result, F, = 70.1 Ib
down. This is true as long as the fluid depth is greater than or equal to the diameter of the
cylinder.

4.62  (See Prob.4.57.) w,=80.31b

wt. of volume of cross-hatched volume. Force -

Force (downward) on upper part of cylinder = Fluid / \
A,
)

(upward) on lower part of cylinder = wt. of ,'b-° ! 2‘!0
entire displaced volume plus that of cross- $ [ 1)
hatched volume. Then net force is wt. of 5.

displaced volume (upward).

o= sir! (2.0/3.0) = 41.8°
x=Rcose=30cose
X=2238in
= 180" + 20 =263.8"
wr=vVa=vAdL
zD* o 1

A, = ——+—(2x)(2.0) =4, + A4
‘= 360 2( )(2.0) =4, + 4,
3 2
gg= TOOM) 2636 5 236)2.0)=25.18 in’
4 360
, ., , 1t
wy= AL = 624 To/f - 2518 in*- 10.0in - ———— =9.09Ib
1728 in

Free = we —wp=80.3 -~ 9.09 =71.21 Ib down
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4.63

4.64

(See Prob. 4.57) For any depth 2 6.00 in, F, = 70.1 1b down
Method of Prob. 4.62 used for 4 < 6.00 in and > 3.00 in. For any depth < 3.00 in, use figure
below.

D> B 1 _
2 ><360 2(2)c)(R h)

Fret=we—wy=8031b ~yA.L

Ae=A, -4, =

Summary of Results:

7 (i) P (ID) X
6.00 70.1 Fluid surface A ”"’L
550 70.5 — Ta N 30in
5.00 712 |
450 72.08
400 73.07
350 74.12
3.00 75.19
250 7627
200 7732
1.50 78.30
1.00 79.18

0.00 80.30 Fluid Degth, / (n)

>

3 8 B

/|

AN

N

Force on Tank Bottom, £_, (ib)
ﬁ
a
L

d

Centroid: y = 0.212 D = 0.212(36 in) = (7.63 in)(1 ft/12 in) = 0.636 ft

x = (20 in)/sin 25° = 47.32 in
L,=60in+x—y=60+4732~7.632=(99.69 in)(1 ft/12 in) = 8.308 ft
h. = L, sin 25° = (8.308 ft)(sin 25°) = 3.511 ft

A= nD*8 = (3.0 ft)*/8 = 3.534 ft*

Fr=yh.A = (1.06)(62.4 1b/f)(3.511 f)(3.534 ft*) = 820 Ib = Fy

I=6.86 x 107°D*=6.86 x 107(3.00 ft)* = 0.556 ft*

L, L.=I[L.A]=(0.556 ft")/[(8.308 ft)(3.534 f*)] = 0.0189 ft
L,=L,+0.0189 ft=8.308 ft + 0.0189 ft =8.327 ft = I,

Forces Due to Static Fluids 43



CHAPTER FIVE

BUOYANCY AND STABILITY

Buoyancy

5.1

52

53

54

55

5.6

5.7

44

SFy=0=w+T-F,
Fy =1y =(10.05 KN/m*)(0.45)(0.60)(0.30)m’ = 0.814 kN = 814 N
T=F,-w=814-258=556N

If both concrete block and sphere are submerged:
Upward forces = Fy= F, + F, =v,VitvwVe=v(Vi+ Vo)

V.=2D*/6=nr(1.0m)*/6=0.5236 m’

=V_=0.6973 m’
oo AN g g5 [T
Ve 23.6kN/m
Fu= %V = (9.81 kKN/m*)(0.6973 m*) = 6.84 kN .
Downward forces = Fpp = w¢ + ws= 4.1+ 0.20 = 4.30 kN Fy>Fp Tt will float.

If pipe is submerged, F;, = v/ = (1.26)(9.81 KN/m®)(m(0.168 m)*/4)(1.00 m)
F,=0.2740 kN = 274 N; because w = 277 N > F,—It will sink.

we—Fy =0, w.=Fp v Ve =yVa=v,09 V.
Then, v, = 0.9y,= (0.90)(1.10)(62.4 1b/ft’) = 61.78 Ib/ft’

o 40.0683) m’

5 = 0.9664 m =966 mm
7(0.30 m)

We—Fy =05y Ve —viVa Ho.mdla.
vy=v, L :
d ¢ T Y
Vs ===
2 2
=M.1_2 m.ZL9_0=0_0683m3=”D X | 12
4 9.81

Y=1200 - 966 = 234 mm

W“Fb::O:'Ych“'Yde

v,

Ye = o = (0.90)(9.81 kKN/m®)(75/100) = 6.62 kN/m’

<

w=Fy—T=0=yVe-y¥ec—-T=Vclyc—-T TT
O - 2.67kN 0217w’
Ge-7,) [236-(15)08)]KN/m

RIS S a——

R
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5.8

5.9

5.10

5.11

5.12

5.13

W—Fb—Fsp=0= W"'Yon_FSP
Fsp=w —y,Vy= 14.6 Ib — (0.90)(62.4 1b/ft’)(40 in*)
Fsp=1331b

1t
1728 in®

EFV=O=WF+WS— F;)F .._]J;’s

F, =v,/s=9.81 kKN/m’ x (0.100 m)’ =9.81 N
0=vyrVr+80N—y,Vr—9.81N

0= Vilyr—yw) +70.19N

o= =70.19N _ -70.19N

Ty (470-9810)N/m®

=17.515%x 10" m’

2
We + Wy =Fy=v,V,=62.4 1b/ft’ - —’5(222- -3 f=588.11b
wy=F,—w,=588.1-30=558.11b=y,V,
a3 3
Wy _ 558.11bin 11t ~ 323 16

V, = .
4y, 010016 1728 in’

wetws— F, — F, =0
wy— F, =F, —w,=5881-30=558.11b (See Prob 5.10)
YAVA - YWVA =558.11b
4= (0.100 1b/in®)(1728 in*/ft’) = 172.8 1b/f¢’
v, = 558.11b _ 558.11b _ — 508546
7,7, (172.8-62.4)b/ft

We—Fp=0 =chC~yde=ycS3 —y/SZX

WH+ Wg ~ Fb = O i 2
7(1.0) 7 (.25)
Fy=vy, (Vi + V) =624 1b/ft3|:—T— -1.50 + TX 1.30

=0.04485 1b
ws = Fp — wy = 0.04485 — 0.020 = 0.02485 1b

Buoyancy and Stability

e

in’® f*
1728 in®

45



5.14

5.15

5.16

5.17

5.18

5.19

46

From Prob. 5.13: wy+ wg=0.02 +0.02485 =0.044851b=w=F),
o _ _ 1.0)° 7(0.25) in® &t
w=Fy =y V=gV + Vo= ZLO 50, ZOD) 5 50| In f
O 4 1728 in®
=y(7.47 x 107 f’)
w 0.04485 1b

7,
W 00D 6 03 b/t sg = 2L = 60.03/62.40 = 0.962
VYT Tarx107 & L

2 2 .3 3
V=V, +V,= [’—’-(-12-0—)— - 1.50+«’5%2—§2- . 0.30}—‘2—1“_?—- =6.903 x 107 £’

1728 in’
=L = Q0D o o e, sg= L2 = 64.97/62.4 = 1.041
V,  6.903x10™ ft’ 7,
WB+WC—.‘F'b”_F;7C =0 w““ ﬁ 1"&“
we= Fiy ¥ B = 2 3 s" . zoon
7(1.00) 7(1.00)
W =75+ Vy=8.00 1b/ft3[m Rl '“oh N
=23.041 —F—
7(2.0)°(3.0) . 00t
F, =y¥c=640/f°| — 15 | =201061b
7(1.0)° 7(1.0)°
F, =y¥a=640 1b/ft3[ 1200+ = |t
=117.291b
we=117.29 + 201.06 — 23.04 = 295.31 Ib
S=18.00 in(1 f/12 in) = 1.50 ft Fo }
w—Fy—F,=0
Fe=w—Fy=ysVe—vwVe= Velys —1w)
F,=(1.50) ft* (491 — 62.4) Ib/f =14471b T
S=1501
q

'y
Y = 844.9 1b/ft’ > y,, - cube would tend to float. 5
w - Fb + Fe =()
F,=Fy—w=Y,Ve—vsVe=Vclym—7vs) =(1.50)° f(844.9 - 491)Ib/f' = 1194 Ib{

W—Fb=O=W—"stVd
w =292x106gmx9.81mx kg IN 1kN

¥ xS -2 x > x—— =283.6 m’
Vs  10.10kN/m s 10°gm kgm/s® 10° N

Vd =
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5.20

5.21

5.22

5.23

5.24

5.25

w=Fp, viVi=vyswVa

8.72 kN/m’
Vam V) T =Wy S
Veor 10.10 kKN/m
w = Fy YwoodV'r = YV
v,
Ywood = Yw —— VT
2 2
Vy= ﬂf L =0 6750 - 1.074
zD* B
- L x)(115
a {4 360 ( X )]
v - [n(f) 2415 (1934)(115)}675m
=0.8703 m’

Ywood = (9.81 kN/m*)(.8703/1.074) = 7.95 kN/m”

w—Fy=0=ycVce—v«Va

ve=1x L4 =807 KiN/m® - 48000 _ ¢ 46 kN’
Ve A-750 mm

w-Fy=0=yV.~yJVa=v.AL~y,AX
3
XY= v, A L:6.46kN/m3 . 750 =513 mm
7.4 9.44 kN/m

h=L-X=750-513=237 mm

— Fb(‘ +WB-_ Fb)) =0
Ych - YWVC + 'YBVB - YWVB =(
YeA-L = yA-L +ypA-t =y, At =0
Y~ Yw) = L(Yw —Yc)
- _ 3
iop Lo le sy (9:44=6.46)KN/m

= 30.0 mm
Y=V (84.0 -9.44)kN/m’

Yw at 15°C = 9.81 kN/m’—it would float.
— F;}C —+ Wpg — F;)B = O

2
W, =1V = 6.46 KNm® x T o 75
~0.771 kN
2
Wy =15V = 84.0 kKN/m® x E(—':_S_)_ % 030 m’

=(.4008 kN

Buoyancy and Stability

= V;- 0.863; 86.3% submerged; 13.7% above

T 10~ /}

[

Teab/

8=sin! %’f- 30.74°
=180 + 20 = 241.5°

X= Rcos 8= 225 cos 30.74°
X=0.1934m
i
.
Suface | K
=
(R )T:A.
.c.
9.44 kN/m® J'
4
I .45m|
Surface dia.,
75m X
l
T \an
030m

47



7 (45) y

F, =1V5=9.81 KN/m’ x 03 m’

=0.0468 kN
=YwVa=wc+wp— F, =0.771 + 0.4008 — 0.0468 = 1.125 kN
F;C = 'Yde = 'YWAX

E
X=to = 1125 kN = 0,721 m submerged = 721 mm

o4 (9.81KN/m’)(7(45)'m?/4)

29 mm above surface

526  yer=15.60 kN/m’
W, — be + wg — E,” ={

7(.45)*

we =7V, = 6.50 KN/m’ x x .75 m®=0.7753 kN

n(45)*

F, =ycrVa=15.60 KN/m’ x x .70 m’ = 1.737 kN

Wpg — FZ,B = 'YBVB - 'YCTVB = VB(YB - ’YCT) = F;r - W, = 1.737 - 0.7753
=(.9614 kN

_ 0.9614kN _ 0.9614kN =0.01406 m® = At

Yo —Ver  (84.0-15.60)kN/m’

3
Vs . 001406m° _ o 1684 m=88.4 mm

B
A 7(0.45)°/4 m*

Vp

{=

527  w=Fy=v¥,;=(1.16)(9.81 kN/m’)(0.8836 m’) = 10.05 kN
V,=nD12 = n(1.50 m)*/12 = 0.8836 m’
Entire hemisphere is submerged.

5.28 W:sz'Yde:’YW‘A'X
w 005N 4 kN

X=—= —~x—— =0.965 x 10~ m = 0.965 mm
w4 (9.81KN/m*)(7(0.082 m)*) 10°N

zD?

529 Wt of steel bar = wg=yslVs=ys4dL = vy 2 L

7(.038 m)° 10° N

ws=76.8 KN/m* - -0.08 m - =697 N

ws+we=6.97+0.05=7.02 N = Fy = y,AX
wo M __T02N 4 1k
7,4 (9.81kN/m*) 7(0.082m)*> 10° N

=0.135m= 135 mm

48
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5.30

5.31

5.32

5.33

5.34

From Prob. 529, w;=7.02 N

zD* . w(.038m)’
4

Vo= T L -0.080 m=9.073 x 10° m’

F, =v.Vs=9.81kN/m’ x 9.073 x 107 m* x 10’ N/kN = 0.890 N
wr— F, —F, =0
F, =wr— F, =7.02N-0890N=6.13N=y,4X
_ 6.13N « 4 y 1kKN
9.81kN/m’  7(0.082m)* 10°N

=0.118 m=118 mm

(#21in)’) G6in)

— — — 3 3

wr=F, = 4y, Varum = 4(62.4 1b/ft") 2 T 1801 1b

Drums Weigh 4(30 1b) = 120 1b

Wt. of platform and load = 1801 — 120 = 1681 Ib

Vol. of Wood: 2(6.0 ft)(1.50 in)(5.50 in)(1 ft’/144 in®) =0.6875 ft’ ends
4(96 — 3)in(1.50 in)(5.50 in)(1 ft*/1728 in*) = 1.776 ft* main boards
(0.50 m)(6 ft)(8 ft)(1 ft/12 in) = 2,000 ft’ plywood

4.464 ft total

Wi =1,V = (40.0 Tb/f°)(4.464 ££) = 178.5 Ib

wp+wp=Fy=y,V,

+
y,= Yot Ve _ 12016 178'35 b =478 ft’ total
7. 62.41b/ft
Viy=4.78/4 = 1.196 ft* sub. each drum
VD = AS - L
3 i 2

Ag= v, _l196ft =0.399 ft* x 1442m =57.4in’

L 3.0ft ft

By trial: X = 4.67 in when Ay = 57.4 in’
y tria in when A m See Prob. 4.63 for method

of computing A.
Warums T Wwood + Wioad — Fb,) - E,W =0

Werams = 4(30 1b) = 120 Tb (Prob. 5.31)
Waood = 178.5 Tb (Prob. 5.32)
F, =1801Ib (Prob. 5.31)

F, =y, =62.41b/ft’ x 4.464 ft’ = 278.6 Ib (Prob. 5.32)
Wi = F, + F, —wp—w,=1801+278.6-120 - 178.5=17811b

b,,
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5.35

5.36

5.37

50

Given: yr=12.00 Ib/ft’, yo = 150 Ib/ft’, we = 600 Ib ezl Tem
Find: Tension in cable s 'y
Float only: XF,=0=wy+ T~ F, Sea Water™ l 48
’ 34in
r=F, - oo | 1
But wr=y:Vp=12.0 Ib/ft’ x 9.0 f’ = 108 Ib fﬁ,
. 2 .
yo= (18.01n? 5483111) ~9.00 f lr
1728 in’/ft T
F, =v.Va=(64.0 Ib/ft’)(6.375 ft') = 408 Ib T
(18.0in)*(34in) Block
V= =6.375 ft’ w
1728 in*/ft’ I ¢
T=408 —~ 108 =300 1b Sea Fioor -
Check concrete block: Fye = We — F, T ]ﬁ,c
we =600 1b; V= 2< = -—6-9311’-3- =4.00 £t
7ve 1501b/ft
F, =v,Vc=(64.0 1b/ft’)(4.00 ft’) = 256 Ib
Fer = 600 — 256 — 300 = 44 1b down-—OK—Dblock sits on bottom.
Rise of water level by 18.00 in would tend to submerge v
entire float. But additional buoyant force on float is 7~
sufficient to lift concrete block off sea floor. = T
With block suspended: T'=wc— F,_ l X
T =600 — 256 = 344 1b (see Problem 5.35) o ‘l
Float: wy+T-F, =0 F v
F, =we+T=1081b+3441b=4521b=1,7, "T’i-
F, in’
Vd: oy 4521b . =7.063 ft3X 1728 in
y, 64.01b/ft ft’
= 12204 in’
V= (18.0 in)*(X)
.3
X= V;’_ 5= 12204_ 1121 = 37.67 in submerged
(18.01n) 324 in

Y =48 — X=10.33 in above surface

With concrete block suspended, float is unrestrained and it would drift with the currents.

ZFV=O=WA-"FI’,W~F;0—'T -
T=w,~ F, - F, Sifece e
g=25 -
W=y, Vr= O',mfb x (6.0 in)* = 21.6 1b 3.00
m Water th .
3.
F ey =624 x SGON) o0 el
b TV, TS 1728 i’ /¢ 5] 14,

F, =v,¥, =0.85F, =33151b
Then: 7'=21.6-3.90-3315=14.39 b
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538 Fs=wc— F, =yVe=yVe=Vlv.—1)

2 : 2 3 —
y,= 20 - 7C@0m) 100inx—f
4 4 1728 in lw
(-]

=0.1636 ft*

3(0.284 b 1728 in® 624 lb)
Fs=0.1636 ft in’ P P

=70.11b
Fy acts up on cylinder; down on tank bottom

Stability

539 w-F,=0
YVe=vVa=yAX /1.0md|n
X= 7YV, _ 7. A(1.0m) _ 8.00kN/m*/(1.0m)
7,4 7,4 9.81kN/m’
=0.8155m
Yeg = 1.00 m/2 = 0.500 m
Yoo =X/2=10.8155m/2 =0.4077 m

4 4
MB=-—1——* zD*/64 7(1.0m)"/ 64

Vi @D [2(10m)*/4]08155m)

4
- 008909 m” _ 4766 m
0.6405 m

Ve = Yoo + MB = 0.4077 + 0.0766 = 0.4844 m < y.,—unstable

ot

-
- &
%
bl -

L
F]

—

3

540 w=Fy=yVi=7.4X |
2 2
_w 2501b(3144 1r? /ft ). — 0.4808 ft me -+ 2in
v, 4 (62.410/1t°)(30in)(40 in) — 9+130 15.88 l
10.50 1

X=5771in;y4=X2=2.88in = [ &
= Lovzh

|
{

I= (40 in)(30 in)*/12 = 90000 in*

V,= AX = (30 in)(40 in)(5.77 in) = 6923 in’ I [

MB = I/V, = 90000 in*/6923 in®> = 13.0 in

Yme =Yoo T MB=2.88in+13.0in L ©in i
= 15.88 in > y.,—stable F

Buoyancy and Stability 51



541

542

543

544

545

52

W:FbZstVd:stAX

[T 450000 Ib
v, A (64.01b/£°)(20 ft)(50 ft)
=7.031 ft

20 x50 ft

Yoo =X/2=3.516 ft

I=(50)(20)*/12 = 3.333 x 10°* ft*
Vy=AX = (20)(50)(7.03D)ft’ = 7031 ft’
MB = I/V, = 4.741 ft

+_.4
® " asie

8258

Yme = YVeb +MB =3.516 +4.741
= 8.256 ft > y,—stable

From Prob. 5.4; X=0.9 H=0.9(12)=10.8in

Voo =X/2=5.401n

Yeg = H/2 = 6.00 in

I=nD"/64 = 7(10.0 in)*/64 = 490.9 in*

V= (nD%4)(X) = [7(10.0 in)*/4](10.80 in) = 848.2 in*
MB = I/V,= 490.9/848.2 = 0.579 in

Yme =Y T MB =540 + 0.579 = 5.98 in < y,—unstable

From Prob. 5.5: X= 966 mm

Yoo =X/2 = 483 mm

Veg = H/2 = 1200/2 = 600 mm

I=nD"64 = 7(300 mm)*/64 = 3.976 x 10* mm*

V= @D*4)(X) = [n(300 mm)*/4](966 mm) = 6.828 x 10" mm’

MB = I/V,; = 5.82 mm
Pme =Yoo + MB = 483 + 5.8 = 488.8 mm < y,—unstable

From Prob. 5.6: X=75 mm
Yo =X/2=37.5 mm
Ve = H/2 =100/2 = 50.0 mm

I=H*12 = (100 mm)*/12 = 8.333 x 10° mm"*

V= (H)(X) = (100 mm)*(75 mm) = 7.50 x 10° mm’
MB =I/V,=11.11 mm

Pme =Yoo + MB =375+ 11.11

_——

T
l

—

= 48.61 mm < y,—unstable

w=Fy=v,V;=7v,A4X
w 70.01b

7oA (624168 )(7(2.0f1)’/4)
= 0357 f(12 in/ft) = 4.28 in

Vo =X/2=2.141n
Yeg =H/2=148/2=24.01in

I=nD"64 = (24 in)*/64 = 16286 in*

Vi=AX = (xD*/4)(X) = [n(24 in)*/4](4.28 in)
=1936 in’

MB = [/V,= 841 in

Yme =Yoo + MB = 2.14 + 8.41 = 10.55 in < y.,—unstable
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546 X=8.00 ft; y,, =X/2=4.00 ft; y,, = 12.00 ft

Yme =Yoo + MB

Scow is stable if Yo > Veg

MBmin = Vme = Yeb = Yeg = Voo = 120-4.0=8.01t
I, Lw’12 _ w?

v, LWX 12X

Wein= J12(X)(MB,,,) =/12(8)(8)ft* =27.71 ft

X=16.0 ft; yo = X712 = 8.00 ft; y, = 13.50 ft
MBiin = Ve = Veb = Veg — Yoo = 13.50 ft — 8.00 ft = 5.50 ft

Win = 12(X)(MB,,,, ) =+/12(16.0)(5.50)ft> = 32.50 ft

MBmin =

5.47

548  y¢, =0.70 m from bottom

For hemisphere— submerged— y = 1}? from dia.

_D 3D _5D 5(150m)

"2 16 16 16

Yo=R-Yy
=0.469 m

I=7D"64 = n(1.50 m)*/64 = 0.2485 m*

Vy=nD*12 = n(1.50 m)*/12 = 0.8836 m’

MB =I/V;=0.281 m

Yme =Y + MB = 0.469 + 0.281 = 0.750 m > y,—stable
5.49  From Prob. 5.28: X = 0.965 mm; D = 82 mm;
H=150 mm
I _ zD%/64 _ D> _ 82°

V, (xD*/4)(X) 16X 16(0.965)
=435 mm

Ve = Voo + MB = X72 + MB = .965/2 + 435 = 436 mm
mc is well above cup; cg is within cup
.. It is stable

MB

5.50  From Prob. 5.29, X= 135 mm
Yoo =X/2=67.5 mm
_ 1 zD* /64 _ D _ 87’
v, (xD*/4)(X) 16X  16(135)
Vme = Voo T MB=67.5+3.11 = 70.61 mm
Because wt. of bar is >> wt. of cup,

Ve = L Bar/2 = 80/2 = 40 mm

Yme > Yeg—Stable

MB =311 mm

Buoyancy and Stability
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5.51

5.52

54

From Prob. 5.30, X= 118 mm
Vs=Vol. of steel bar = 9.073 x 10* mm’

2

Ves = Sub. vol. of cup = ”4DC x X

7(82)

Ves= (118) = 6.232 x 10° mm’
Vi=Vs+ Ves=7.139 x 10° mm’

ys = cb of steel bar = I—;S— =19 mm

Ycs = cb of sub. vol. of cup

Yes=Ds+ _15'_ =38+ 1—?— =97 mm

_ VsV tyeiVes

T,
_ (19)9:073x10*) + (97)(6.232 x10°)
7.139%10°
4
M= Lo 7@D64 311 mm
v, 7.139x10

Yme =Y T MB =90.2 mm

= 87.1 mm

Vg 18 very low because wt. of bar is >> wt. of cup—stable

From Prob. 5.22, Fig. 5.23: X'= 600 mm
Voo = X/2 =300 mm
Yeg =H/2 =750/2 =375 mm

1 xD*/64

2 2
_ Dt @0

Yme = Yoo + MB =300 + 21.1

V. (zDUAYX) 16X  16(600)

mm

= 321.1 mm < y.,—unstable

&—

I
|

—

o
¥

T

il

I
n
_..‘g‘_

3
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5.53

5.54

5.55

From Prob. 5.26, Fig. 5.25; = 88.4 mm
X=700+¢="788.4 mm
Yoo = X/2 =394.2 mm

1 xD'/64 _ Dp?

MB= —=

v, [sD74]) 16X

= 450’
16(788.4)
Yme =Yoo T MB =3942 +16.1 =410.3 mm
VegWiot = YW, + yswp composite cyl.
W, =7V, =0.7753 kN
Ye=750/2+1t=375+88.4=463.4 mm

2
840.0 kN o 7[(.4L5l m) (0.0884 m)

=16.1 mm

wp =YV = 3

m
=1.181 kN

yp=1/2=44.2 mm

YW, F VW, _ (463.4)(0.7753) + (44.2)(1.181)

YT T (0.7753+1.181)

tot

Wzsz’stAX

y=_" 38401b ~ 750 ft

ropd  (64.01b/£)(2 ft)(4 ft)
Yoo =X12=3.75ft
I=4(2)’/12=2.667 ft'
Vy=AX=(2)(4)(7.5) =60 ft’
MB = I/V,; = 2.667/60 = 0.0444 ft
Pme = Ve + MB = 3.75 + 0.0444 = 3.794 ft
Yeg = H/2=8.00/2 = 4.00 ft > y,—unstable

w = Fb = ’stAX

x= W __ 1301b(12in/ft)
raw A (64.01b/ )3 ft)(4 ft)

=2.03 in

Yoo =X/2=1.016 in

Yeg = 12 in + 34 in=46.0 in

I=(48)(36)’in*/12 = 1.866 x 10’ in*

V, = (48)(36)(2.03)in® = 3510 in®

|
2

A/
8

&

\g'
g

Al

= 210.3 mm < y,—stable

cg of brass

&

MB =1I/V;=53.17 in e

Yme =Yoo + MB =1.016 + 53.17
= 54.18 in > y,—stable

Buoyancy and Stability
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5.56

5.57

5.58

56

w=Fy=0=yypVior —YoVa= YwAH — v,AX

e Rectangie 6 in x 12in
o LeAH 7y H _ (3210/f°)(6 in) }
v Ay 0.90(624 b/ft) . T
=3.419in T | 800
Y= X12= 1709 in x=3419 o0, i
Yeg = HI2 = 6.00/2=3.00 in L @ 1708|2588
I=12(6)/12 =216 in* ? f
V= (12)(6)(3.419) = 246.2 in’®
MB = I/V, = 0.877 in
Yme =Yoo + MB =1.709 + 0.877 = 2.586 in < y,,—unstable
w—Fy=v,Vi=v,dX
W 210000 1b me
x=2 - = 2.804 ft
v, A (62.4 1b/f)(60 ft)(20 ft) + e
Yoo = X12 = 1.402 ft; you = 1.50 ft given =1 S —7
3 (~ ]
MB = I _ _(60)20)° /12 _ 11.888 ft

v,  (60)(20)(2.804)
Ve = Yoo + MB = 1,402 + 11.888 ft = 13.290 ft > y.,—stable

Wietal = 210000 + 240000 = 450000 1b

=W _ 450000 _ ¢ 010 ¢ (See Prob. 5.57)
7.4 (62.4)(60)(20)
Yeb = X/2 = 3.005 ft
_ 1 _ (60)20)712
v,  (60)(20)(6.010)

Pme =Yoo T MB = 3.005 + 5.547 = 8.552 ft—above barge

cg is within barge—stable

More complete solution:

Depth of coal =d, = e - leOOOO b
7, A (451o/ft”)(60 ft)(20 ft)

Ve =d /2 =2.222 ft from bottom to cg of coal

Wy, +w,y, _ (240000)(2.222) +(210000)(1.50)
450000

=5.547 ft

=4.444 f

ngiot B
W,
tot

=1.885 ft < y—stable
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559  w=Fy=yVy=yd
w= YCAtotL

= % (.600)(.300)(1.20)(2.36)kN
=0.255 kN

Aq=GX+ 2( ] (N(X)
=(B-2X)X) + X’

w o 0.255 kN

"3'—=—'

Equate

(103 mm)
2

m

A, =0.02489 m

600X — X* =2.489 x 10*

7,L  (0.87)(9.81kN/m*)(1.20 m)

jE —J

(B-O.mm)

A, =BX-2X*+X*=BX-X"=600X - X°

=2.489x10*mm?

X2 - 600X +2.489 x 10" = 0; X = 44.8 mm by Quadratic Eq.

G=B-2X=600-2(44.8)=510 mm

I=GL/12=(510)*(1200)/12 = 1.329 x 10" mm*
V,= A, = [600(44.8) — 44.8*](1200) = 2.985 x 10" mm’

MB =I/V;= 445 mm

X(G+2B) _,, o 44.8(510+1200)

=21.8mm

ycb = X__
Ve =Yeb + MB = 21.8 + 445 = 467 mm
Veg = % (300) = 100 mm < y,,—stable

5.60 a) Cube is stable if yume > Yo, = 572

4

2V, 2 12(5°)X)

2 2
XS S aw+ S _sx=0
2 12X 2 6

X —SX+ 8576 =0

1% _4¢?
x=5% S2 518 =—§—i—§— 1-2/3

= SBi %(0.5774)} =0.788S or 0.211S

3(G+ B) ' 3(510 + 600)

X > 0.788S or X < 0.211.S will result in stable cube.

b) ForS§=75mm

X>0.7885=59.2 mm, X<0.2115= 15.8 mm

Buoyancy and Stability
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5.61

5.62

58

Entire hull:
Jog= AN AV
cg m
r ==
_ (.72)(40)+(2.88)(1.2)
3.60 50
Yee=1.040m
Submerged Volume:
00

o= 7204 +(2.16)(1.05)

@ 2.88
=0.8875 m
V,=(2.88)(5.5)=15.84 m’
I=552.4)/12=6.336 m*

Yme =Yeo T I/Vy=0.8875 +0.40 = 1.2875 m > y—stable

a) we=FyycVe=viVa
_30b z(5 £t)*(1.0 ft)
ft’ 12

=1.9631b

Wc

y, 62410/t
_(0.03147 ft*)(1728 in®)
- ft*

(D) (X) _ n(XI2)’X X’
12 12 48

Y= §/48Vd _ i/48(54.37)
/4 T

Va =54.37 in’

Vd =

=940 in

Yeb = %){ =0.75(9.40) = 7.05 in

;o 7Dy _7(940/2)"
64 64

MB = I/V,;=23.95/54.37 =0.441 in
Vme =Yoo T MB =7.05 +0.441 =7.491 in

Veg = gii =0.75(12) =9.00 in

=23.95 in*

Yme < yeg—unstable

b)  ye=55.0 b/
we = 1.963(55/30) = 3.600 Ib

o We _ 3.600Ib _ 00577 ft*(1778 in®)
v, 6241v/f ft?
e 3\/481{, _ d48(99.69) —1151in
T T

Figure for part (a) only.

=99.69 in’

Chapter 5



zDy =(11.51/2)°

I= 64 64 =53.77 in*
MB = —I——r-m = 0,539 in
Ve 99.69

Vo = 0.75X=0.75(11.51) = 8.633 in
Vme =Y + MB = 8.633 + 0.539 =9.172 in
Yeg = 9.00 in <y, —stable

563 (@ D F, =0=F-W.-W,
W, = Weight of contents; W, = Weight of vessel; Find W, + W,
VVC + Wv = Fb; Buth = }{de
Vi=Vis + Veyra; Where Vs = Vol. of hemisphere; V.= Vol. of cyl. below surface
Vs = 2D*/12 = 2(1.50 m)*/12 = 0.8836 m’
Vg = D%hy/4 = 2(1.50 m)*(0.35 m)/4 = 0.6185 m’
Then V= Vs + Ve = 0.8836 + 0.6185 = 1.502 m’
Fy = y¥,=(1.16)(9.81 kN/m’)(1.502 m’) = 17.09 kN = W, + W, (Answer)

(b) Find %, = Specific weight of vessel material = W,/V,; Given W, = 5.0 kN
From part (a), 17.09 kN = W, + W,; Then W, = 17.09 — W, = 17.09 — 5.0 = 12.09 kN
V,r = Total volume of vessel = Vi + Voyir
Ver= (D} =D} )(0.60 my/4 = 2{(1.50 m)’ - (1.40 m)’](0.60 m)/4 = 0.1367 m’

Vir= Vs + Ve = 0.8836 m* + 0.1367 m’ = 1.020 m’
% = Specific weight of vessel material = W,/V,z; = (12.09 kN)/(1.020 m’)
=11.85 kN/m’ = 3,

1500
1400
250 .
Fluid Surface
{ p—
l cQ 350
Ll {
165=MB
b
950=ycg J
g22= \
Y es7ych we Wy 730
]
Fb
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5.64

60

(¢) Evaluate stability. Find metacenter, y,,... See figure for key dimensions.
Given: y,, = 0.75 + 0.60 — 0.40 = 0.950 m from bottom of vessel.
We must find: ypue =y + MB =y, +1/Vy
I= D*64 = n(1.50 m)*/64 = 0.2485 m" For circular cross section at fluid surface.
V;=1.502 m® From part (a).
MB = (0.2548 m")/(1.502 m*) = 0.1654 m
The center of buoyancy is at the centroid of the displaced volume. The displaced
volume is a composite of a cylinder and a hemisphere. The position of its centroid must
be computed from the principle of composite volumes. Measure all y values from
bottom of vessel.

(ycb)( Vd) = (yhs)( Vhs) + (ycyl-d)( chl~d)
Yeb = [0n)Vis) + Geyra) Veyr )/ Va

We know from part (a): ¥, = 1.502 m’; V), = 0.8836 m®; V., = 0.6185 m’

Vps =D/I2 —y=D/2-3D/16 = (1.50 m)/2 — 3(1.50 m)/16 = 0.4688 m

Yeyra =D/2+(0.35m)/2=(1.50m)/2+0.175 m=0.925m
Then Ves = [(0.4688 m)(0.8836 m’) + (0.925 m)(0.6185 m’)}/(1.502 m’) = 0.657 m
Now, Vme =Yer + MB =0.657 m+ 0.1654 m = 0.822 m From bottom of vessel.
Because .. <y, vessel is unstable.

Let F, be the supporting force acting vertically upward £ E——
when the club head is suspended in the water. 3 I - wareR

D F, =0=F,+F,— W;Then F,=W-F,
Fy= pVat; W=YaVai; l
Where V,; = Volume of aluminum club head w
V= Wiy, = (0.500 1b)/(0.100 Ib/in’*) = 5.00 in’

y:

F,=W—F,=5.001b - (62.4 1b/f*)(5.00 in*)(1 f£')/(1728 in’)
F,=0.3191b
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CHAPTER SIX

FLOW OF FLUIDS

Conversion factors

6.1 Q= 3.0 gal/min x 6.309 x 10~° m*/s/1.0 gal/min = 1.89 x 10~ m®/s
62 Q=459 gal/min x 6.309 x 107> m*/s/1.0 gal/min = 2.90 x 107 m%/s
63  Q=8720 gal/min x 6.309 x 10™° m’/s/1.0 gal/min = 0.550 m*/s
64  O=84.3 gal/min x 6.309 x 10~° m*/s/1.0 gal/min = 5.32 x 10> m%/s
6.5  Q=125L/min x 1.0 m*/s/60000 L/min = 2.08 x 10~ m*/s

6.6  Q=4500L/min x 1.0 m*/s/60000 L/min = 7.50 x 107> m*/s

6.7  Q=15000 L/min x 1.0 m*/s/60000 L/min = 0.250 m®/s

6.8 Q = 459 gal/min x 3.785 L/min/1.0 gal/min = 1737 L/min

6.9 Q = 8720 gal/min x 3.785 L/min/1.0 gal/min = 3.30 x 10* L/min
6.10 Q=235 cm’/s x m*/(100 cm)® = 2.35 x 10~° m*/s

6.11 0=0.296cm’/s x 1 m*/(100 cm)® = 2.96 x 10”7 m%/s

6.12  Q=0.105 m*s x 60000 L/min/1.0 m*/s = 6300 L/min

6.13  Q=3.58x 107 m’/s x 60000 L/min/1.0 m*/s = 215 L/min

6.14 0=5.26x 10 m’/s x 60000 L/min/1.0 m*/s = 0.316 L/min

6.15 Q=459 gal/min x 1.0 ft’/s/449 gal/min = 1.02 ft*/s

6.16 Q=20 gal/min x 1.0 ft'/s/449 gal/min = 4.45 x 107 ft*/s

6.17  Q=2500 gal/min x 1.0 ft*/s/449 gal/min = 5.57 ft*/s

6.18 O =2.50 gal/min x 1.0 ft*/s/449 gal/min = 5.57 x 107> ft*/s

6.19  Q=1.25 ft'/s x 449 gal/min/1.0 ft*/s = 561 gal/min

6.20 Q=0.06 ft'/s x 449 gal/min/1.0 ft’/s = 26.9 gal/min

621  Q=17.50 ft'/s x 449 gal/min/1.0 ft*/s = 3368 gal/min

Flow of Fluids 61



6.22  Q=0.008 ft'/s x 449 gal/min/1.0 ft*/s = 3.59 gal/min

6.23 Q=500 gal/min x 1.0 ft'/s/449 gal/min = 1.11 ft*/s
Q = 2500/449 = 5.57 ft’/s
0 = 500 gal/min x 6.309 x 107 m*/s/1.0 gal/min = 3.15 x 102 m*/s
0 =2500(6.309 x 107°) = 0.158 m*/s

6.24 QO =13.0 gal/min x 1.0 ft*/s/449 gal/min = 6.68 x 10~ ft*/s
0 =30.0/449 = 6.68 x 107 ft’/s
Q= 3.0 gal/min x 6.309 x 10~ m*/s/1.0 gal/min = 1.89 x 10™* m*/s
Q0 =30(6.309 x 107°) =1.89 x 10> m*/s

3
625 o=l  1h  LOMS o0 1028
h 60 min 449 gal/min
3
626 =288l 1h  LORS 4 0 10%6ess
h 60min 449 gal/min
3
627 o=Agal 1h  LORYS 61076

X
24h  60min 449 gal/min

3
628 o=222mb, LOL  10ms 305, 107 mis
min  10°mL 60000 L/min

Fluid flow rates

629 W=y0=(9.81 KN/m’)(0.075 m’/s) = 0.736 kN/s(10° N/kN) = 736 N/s
M = pQ = (1000 kg/m®)(0.075 m’*/s) = 75.0 kg/s

6.30  W=yQ=(0.90)(9.81 kKN/m*)(2.35 x 107> m*/s) =2.07 x 102 kN/s = 20.7 N/s
M = pQ = (0.90)(1000 kg/m’)(2.35 x 107> m*/s) = 2.115 kg/s

3
631 =2 2N, m  LOKN 10h 107 ms
y h " 108981kN) 10°N 36005

M = pQ = (1.08)(1000 kg/m’)(7.47 x 107" m*/s) = 8.07 x 10™* kg/s

632 =" -285N M IR 33107 mYs
¥y h 1250N 3600s

1.20 kg 640 ft’ l Oslug 1 min 0 0283 m’
m’ min 14,59 kg 60s i
=2.48 x 107 slug/s

M=pQ=vyQ/g=Wig

W=gM= 322ft 2.48x107 slug 11b-s*/ft 36005

S slug

633 M=pQ=

= 2878 Ib/hr

62
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634  W=y0 = (0.075 Ib/fE)(45700 ft'/min) = 3428 Ib/min
yQ _ W _34281b/min _1061b-s*/ft

M=pQ= == =106 slugs/min
P g g 322fts° min &
3
635 =120 b gagees
4 hr 0.0621b 3600s
3
636 W-yo= 240, 1ogal IO s 6 1 min = 2
ft min  7.48 gal t
f= W 7425 Tb min « lhr. ~$.99 hr
/4 13.761b 60 min
Continuity equation
3 2
637 Q=dv:d=2=T05 55500 7D
v 10.0ft/s

D= 44/ x =J47.50)/ z =3.09 ft

2 2
6.38 A]l)] :Azl)z; Dy = Dy fi‘ = UI(B‘) :ﬂ(%‘j =26.4 ft/s

D, s
3
639 =200 Liminx —-2078  _ 00333 m¥s
60000 L/min
3
o= LB 472 s

4 7(30m)’/4
__Q__ 0.0333m’/s

, = — = 1.89 m/s
4, #(.15m)"/4

2 2
6.40  Av = A4,;0, =0, A v, D). 1.20 m/s(gg) =0.300 m/s
A, D 300

2

641 QO =Adiv=Ayt A= + Qs

2
0, = Ayv, = i’(—o'—o—f}“l x 12.0 m/s = 0.0236 m*/s

Oy=01—0,=0.072 - 0.0236 = 0.0484 m’/s
_ 0 0.0484m’/s

D3 ——————— = 6.17 m/s
A, 7(.100m)“/4
3
642  Apn= Q. 10 gal/min x Lt/ — X L _ 0.02227 ft*: 2-in Sch. 40 pipe
v 449 gal/min 1.0 fi/s
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6.43

6.44

6.45

6.46

6.47

6.48

6.49

6.50

64

W=vy0=y4v = 60;3 b x 0.2006 ft* x

4.50 ft o 3600s
8

=1.97 x 10° Ib/h

Im’/s 1

X —— = 0.856 m/s
60000 L/min  3.835x107"'m

19.7 L/min x

I

L

O = 30 gal/min x 1.0 ft’/s/449 gal/min = 0.0668 ft'/s
3
A= Q _ 00668175 _ ¢ 35 107 2 max.
v, 8.0 ft/s

11/4 x 0.065 tube — 4, = 6.842 x 107 ft’
Actual v, = Q/4, = (0.0668 ft'/5)/(6.842 x 107 ft*) = 9.77 ft/s

4= © _0.0668 ft3/s
: 25.0 ft/s

v,
7/8 x 0.065 tube —> A, = 3.027 x 107 ft*
Actual v, = Q/4, = (0.0668 ft*/s)/(3.027 x 107 ft*) = 22.07 ft/s

=2.67 x 10 ft* min.

=3.34 x 107 ft* max.

O 0.0668 ft/s
A,l T oo e oo,
D,

! 2.0 ft/s

2-in x 0.065 is largest tube listed — 4, = 1.907 x 107> ft*
Actual v, = Q/4; = (0.0668 £t*/s)/(1.907 x 107 ft*) = 3.50 ft/s

3
Ay = —Q— :W =9.54 x 107 ft* min.
v, 7.0 ft/s
1 1/2-in x 0.083 tube —> 4, = 9.706 x 107 ft*

Actual v, = Q/4, = (0.0668 ft'/s)/(9.706 x 107 ft%) = 6.88 fi/s

3
Or = 1800 Limin x — %5 — 0,030 m¥s
60000 L/min
3
Ay = Qo 0030mYs G s o minimum: 6-in Sch 40; 4 = 1.864 x 107 m?
v 2.0m/s

Ou = 9500/60000 = 0.1583 m’/s
A= O 9;;—%@ =7.916 x 10> m’; 14-in Sch 40; 4 = 8.729 x 107> m?
1% .

For 4, = 0.015 m® min; 6-in Sch 80; 4 = 1.682 x 107> m?
For Ay, = 7.916 x 10 m® min; 14-in Sch 80; 4 =7.916 x 107 m*

: 3
p= Lo 40U X Lm/S 3075 m/s [2-in Sch 40 pipe]
A 2.168x107m" 60000 L/min
2-in Sch 80: v = ~Q— = 400 =3.500 m/s

A (1.905x107)(60000)
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. 3
651 v=2-300ga LY LSS _ 10.08 fit/s [4-in Sch 40]
A 0.0884 ft* 449 gal/min
652 v=2-__ 490 _ 1116 ft/s [4-in Sch 80]
A~ (0.07986)(449)
. 3
653 4=2-280Lmin Im/s 5o 10 m® min,
v 0.30m/s 60000 L/min

3/4 x 0.065 steel tube, 4 =1.948 x 10™* m?

= 1.055 ft/s

3
6.54 1)6“1__Q£_95gal/m1§1 1ft'/s '
4, 0.2006ft° 449 gal/min

28059 (0505 _, 061 fus
4 4 (0.05132)449)

3-in =

6.55 Q=800 gal/min(1 ft’/s/449 gal/min) = 1.782 ft'/s
Suction pipe: 5 in Sch 40; 4; = 0.1390 ftz; v, =Q/A4=12.82 ft/s
6 in Sch 40; 4, = 0.2006 ft*; v, = O/A = 8.88 ft/s
stcharge pipe: 3 1/2 in Sch 40; 4,=0. 06868 ft*; vy = Q/A = 25.94 fi/s
4 in Sch 40; 4, = 0.08840 ft*; v, = Q/4 = 20.15 ft/s

6.56 O =2000 gal/min(1 ft*/s/449 gal/min) = 4.454 ft’/s
Suction pipe: 6 in Sch 40; 4, = 0.2006 ft*; v, = Q/A=2221ft/s
8 in Sch 40; 4, = 0.3472 ft%; v, = Q/4=12.83 ft/s
Discharge pipe: 5 in Sch 40; 4, = 0.1390 ft’; v, = Q/4 = 32.05 ft/s
6 in Sch 40; 4, = 0.2006 ft*; v, = Q/4 = 22.21 ft/s

6.57 Q=60 m’/h(1 1/3600 s) = 0.01667 m’/s
Suction pipe: 3 in Sch 40; 4, = 4.768 x 107 m% v, = Q/A=3.73m/s
31/2in Sch 40; 4, = 6.381 x 10~ m®; v, = Q/4 = 2.61 m/s
Discharge pipe: 2 in Sch 40; 4, = 2.168 x 107 m’; v, = Q/4 = 7.69 m/s
2 1/2 in Sch 40; 4,=3.090 x 10> m%; vy = Q/4 = 5.39 m/s

6.58 Q=Av=(7.538 x 10° m*)(3.0 m/s) =2.261 x 10> m*/s
QO 2.261x107 m’/s

4= == =1.508 x 10° m* = zD/4

v 15.0 m/s

32 - 10> mm
D, =44/ 7 = 4(1.508x107°m?)/ 7 =4.38 x 10 m x = 43.8 mm
m
659 v,= =70/ 5 08 s in pipe
A 093961t
3

Vy = Q. 7:SOth /s ~— = 65.0 ft/s in nozzle

4, #(460in)’ 1ft

4 144 in’
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Bernoulli's equation

2
660 Pz | o =2 +zz+—li—; Z1 =2y
Ys 28 ¥ 2
0 ollms _62m (D,]2_24.90m
= = s LLEY| | =
S

v, >
4 #0.15m)°/4 s

2

16227 =24.90"Im’s’  0.67(9.81kN)

02 2
P2= P [ }76 =415kPa
2g

2(9.81m/s’) m
=220 kPa
661 Lriz 4 A_PB+Z " B.U _Q _ 037m’/s =5.23m;
Yw 28 7 2¢° % 4, 7(03m)’/4 s
(DAT 131m
UB=UA R o=
D, s
vl -v2
P=PAt Yw |:(ZA'—ZB)+ A B}
2g
9.81 kN (5.23* —1.31")m?%/s*
= 66.2 kPa + —| 4.5+ .
m 2(9.81m/s%)

ps =662 kPa —31.3 kPa =34.9 kPa

66
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2

6.62  Pt. A at gage; Pt. B outside nozzle: Pa g, \ 2 Un =Pn +zy UB ; pp=0
4 2g 7y 2g
2 2
Da U _(p o y-Prozesmo— SO s394m
2g ¥ m~(9.81kN/m’)
v = Va(Aa/Ap) = VA(DA/Ds)’ = va(70/35)° = 4v,; V2 =160 ;
v: —vh =150}
~1502 =2g(-53.94 m)
/2g(53 94 m) J2(9 81m/s )(53 94m) _ g 40
O=Avp= EL%Q_@_ 8.40 m/s = 0.0323 m*/s = 3.23 x 102 m¥/s

2
6.63  Pt. A before nozzle; Pt. B outside nozzle: Pa +z, +-4 o, =P LBtz + g—-, pe=0,2zp=2p
g

4 2g 7y
v2-03 | 60.61b| (757 —42.19H)ft*/s* | 1ft? .
pa=y| =2 |=—5 ( )2 — =25.1 psig
2g ft 2(32.2ft/s%) 144 in

2
vg = 75 ft/s; DA=UB£‘3—=75 Dy 75( 75) =42.19 ft/s
A, D 1.0

A

11t°/s 0.0223 ft* 0 _0.0223 ft’/s _3.71ft
A4

6.64 = 10 gal/min x = T, = = =
0-10¢ 449 gal/min s A 0.0060 f* s
2 2
oo 00223 09558 py 0l py,  0h. .
4 002333 s 7 28 7 2
. 2 2 2 2 2
vi-v2] 501[(0.955 371t | 1ft ,
A - = ~0.0694 ps
pa=pe VK{ 2g } | 2022f/s) |144in’ pst

6.65 Pt. 1 at water surface; Pt. 2 outside nozzle.
2 2

—Bl—'l‘ +U p2+22+£)-—,p1 O,D‘=O,p2=0
4 28 7y 2g
=J28(z, - 2,) =/2(9.81m/s?)(6.0 m) = 10.85 m/s
2
0= A, = -’f—(—o-'%m x 10.85 m/s = 2.13 x 102 m¥/s
2 2 2.2

UA:_Q__00213m/s_1206m/ vl _1.1206 m/zs — 0.0741 m

A, 7(15m)*/4 2g  2(9.81n/s%)

2
£‘—+z 2 £A+zA+—U—’i- ; p1=0,0,=0
2g

[6.0m—0.0741m] =58.1 kPa

v} | 981KN
m
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6.66  Pt. 1 at oil surface; Pt. 2 outside nozzle.
2 2
b, L= O _P +22+23— ; 11=0,0,=0,p,=0
7, 2g 7, 2g

v, = 2g(z, - 2,) =+/2(9.81m/s*)(3.0 m) =7.67 m/s

7(035m)* 7.67m _7.38 x 10~ m’

Q:A21)2=
4 S S
-3 3 2 2 2 272
= by = 0 _1738x10 ;n/s=0.940m: Uy _ U _ 094" m /s2 ~ 0.0450 m
A 7(0.10 m)“ /4 s 2¢ 2g 2(9.81m/s”)
2 2
—1—7—‘~+zl+~%-=£—’-‘*+2,\+gé';171=0,01:0
7, g 7, 2g

}/o[(z,—zA)———i} (085)(981“’)[40 0.045]m =33.0 kPa
2g S

2 2
—&+z1+—;ﬁ- p‘3+z +£— p1=0,v,=0
Yo 2g 7, 2g

2

pu= yo[(z‘ —zy)- ‘Z)—B} = (0.85)(9.81)[3.0 — 0.045] = 24.6 kPa
g

2 2
U] v .
667 Py Z +—— =2 +z, + == Pt. 1 at water surface; Pt. 2 outside nozzle; v, =0, p,=0

4 2¢ 7 2g
3221\ 201b £ 144 in®
0= 2g(plr+z —2)=.|2 +8.0 ft| =59.06 ft/
2= 28 745 - 5) \/( s ){ in? 62.41b f° } s
. 2 2
Q=A21)2=”(3m) ><59.O6ft>< ft‘ =290 s

4 s 144 in®

by 02 _Ps Uz
6.68 2z, = + z, + —21 Pt. 1 at water surface; Pt. 2 outside nozzle; v; =0, p,=0
y 28 7y 2¢°

2 2 0272 2
v} 6241 (20)* fi%/s? | 1ft ]
=yl (2, —z)+ == |= ———|-10ft+ =_1.64
b 7{(2 ) Zg] ft’ 2(32.2 ft/s?) |144 in® psig

2 2

U] v, .
669 Ly Z, + =Py z, +—2: Pt. 1 at water surface; Pt. 2 outside nozzle;

4 28y 2¢
pi1=p2=0,v,=0
=28(z, ~ 2,) =+/2(9.81 m/s* (4.6 m) =9.50 m/s

2
0= A, = -’f@—?’?l x 9.50 m/s = 4.66 x 107> m/s
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6.70

6.71

6.72

2 2
7+zl+~21)‘E=%A—+ZA+£2)—A—: P1=0,0,=0,z,=2z4

2
v, =Uy =0 ——42——_—02 (—gz—) =1y/4 =2.375 m/s

A

~02 | _9.81kN| —(2.375)° m*/s’
Pa=7

=_-2.82 kPa
51 2(9.81m/s?) }

2g m

2 2
v v
EL+Z‘+_1__:£B_+ZB+__B_

4 2¢ ¥ 2g

2
) y[(zl —zB)—i’ﬁ—} =9.81{~0.90—
2g

;P1=0,Ul=0

(2.375)
2(9.81)

} =-11.65 kPa

-3 3
(See Prob. 6.69) v, = L =TS _ 1y 46 s
4, 7(.025m)°/4

_ U] _(14.46)' m’/s’

=10.66 m
2¢  [209.81m/s%)]

-0~

-3 3
(See Prob. 6.69) vy = 2 =210 _5 o5 s
4 7(05my/a

Minimum pressure exists at B, highest point in system.
2 2
1)) v
‘g—l“i—Zl +—L=£§‘+ZB +-2"l'3" o =0,1)1 = ()
g

4 2g ¥
_ 2 s 2 2.2
Py U2 (CI8KN)  @85'm's’ . o

y  2g m(9.81kN/m’) 2(9.81m/s)

Analysis for v,, O, pa, ps same as Prob. 6.69.

v, = \[2g(z, —z,) = /2(9.81)(10) = 14.01 m/s V) =0y =D =0, =0,/4
71.(025)2 D, = 3.502 m/s

0 =4, = x 14.01 = 6.88 x 107 m’/s

B 2

}- (0.86)(9.81)[19-'59322~
2g

2(9.81)

PA= 7, } = (8.437)[-0.625] = -5.27 kPa

B 2
pe=7,| (z,—25) —;—B} = (8.437)[-3.0 — 0.625] = -30.58 kPa
g

Pc=pa=-527kPa
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2 2
P, U _ P

+2z + +zD+£D—;p1=O,1)1=O
Yo 2g 7, 2g

2
Po=7, [(z1 —zp)- -2‘3')—} = (8.437)[10.0 — 0.625] = 79.1 kPa
g

2 2
6.73 £A+2A+Eé—:—p—3—+23+2§- }ZA = Zp
4 2g 7 2
2 2 3 ra2
Uy =Us _ Py~ Pa =(42-—.5§))1bft (14421 in®) — _18.46 ft
2g Vi in” (62.4 b)ft

A
0.062502 — 2 =2g(—18.46 ft)
~0.937502 = 2g(—18.46 ft)

\/2(32.2 ft)(—18.46 ft)

Vg =

2 2
A D 1
Va = Vp "f = UB[B-?} = UB(*Z—) = 0251)[3, U‘,z\ =0.0625 U}i

: =35.6 ft/s
s2(—0.9375)
2 2
6.74 il'ﬁ"—+zA —1—0—’*=&+zB + 28 } ZA=2Zp
Y 2g 7, 2
v —Uy _ py—ps _ (282-25.6)1bft’ (144 in®) _ 6.667 ft
2g 7, in? (0.90)(62.4 Ib)ft* '

2 2
A D 8
VA= UB:ZE_ =, [i—)—i-j = UB(gj =2.56vp; U, =6.550]
6.5507 — 2 = 2g(6.667 ft)
5.550% = 2g(6.667 ft)

b = |2B2.2)(6.667) o _ ¢ 79 g/
B 5.55

x(8in)* 8.79ft  ft
= Agvp = X X
Q= Awon s 144in

~ =3.07 ft'/s
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6.75

6.76

6.77

2 2

—I—)i‘—+zA+-UA=£B—+zB+2§~ ; ZA=Zp
Yy 2g 7, 2
Py~ Py _ U; _Ui — [UA(AA /AB)]Z“Ui = [UA(DA/DB)z]Z_U;z\
- 2g 2g 2g
160 —v _150;
T2 2

Manometer: pa + 7y, + Vbt — Ywh — YWy = ps [cancel terms with y]
DPa = Pr = Ymh — Vb = h(Ym — Yw) = h(13.54y, — v,) = h(12.54y,,)

Pa=Ps 19 545 =150
7 2g
. \/2g(12.54)(h) _ 2031 m)(122.54)(0.250 ™ 5 025 /s
15 s*(15)

O = Asva = [1(.050 m)*/4](2.025 m/s) = 3.98 x 107> m’/s

2
(See Prob. 6.75) vy = ug(%) = L)B(%B—J = 0.2505 = 0.25(10) = 2.50 m/s

A A

1507 15(2.50)* m*/s?

12.54h = = -— =4.778 m
2¢  2(9.81m/s?)
h=4.778 m/12.54=0.381 m
2 2 2 2
Pa Uy Py Uy A D 100
v, "2y, T2 BT UA[DB) U"( 50] oA
2 2
UA‘UB:pB—pA-*—(ZB-ZA) U§=16l)i
2g Yo
v —vl =V -16V% =-150]

Manometer: pa + 75(0.35 m) — ,(0.20 m) ~ 7,(0.75 m) = py
P —Ppa=—Yw(0.20 m) - 7,(0.40)m
Po =Py _ 71, (020m) o0 —9.81(020m)
Yo 2 8.64

-040m=-0.627m

zg — 24 = 0.60

_15p2 = 2g[~0.627 m + 0.60 m] = 2g(~0.027 m)

VA = 4/2(9.81m/57)(-0.027 m)/~15 =0.188 m/s

7(0.10m)>
4

Q=A\op= x 0.188 m/s = 1.48 x 107> m%s
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6.78 2 _ 2 - i i
Uy =Up _ Pp— Pa +(z, —2,) v, = U, D, =v, 200 =7.11v,
2g }/w DB 75

Zg —ZA T~ 0.25m U; = 506U§

v~} =0} —50.60% =—49.6V%

Manometer: pa + v,y + 7,0.60 m) — y5(0.60 m) — v,y — v,(0.25 m) = pg

PR — Pa="76(0.35 m) — y5(0.60 m)
3
3 (1.40)(9.81kN/m”)(0.60 m) _ 0583 m

(0.90)(9.81kN/m”?)

Po—Pa ~035
2
—49.607 =2g[~0.583 m +0.25 m] = 2g(~0.333 m)

va = 1/2(9.81m/s°)(~0.333 m)/(~49.6) = 0.363 m/s
0 = Apva = [1(.20 m)*/4](0.363 m/s) = 1.14 x 10”2 m*/s

2 Letzp—zg=X
P vy P A~ ZB
Atz + ”“2A =Ptz 5 Let y = Distance from B to
Yo g 7% g
surface of Mercury.

® 2 2 o AA.__ DA 2_ 4 2__.
v -0? UB*UA;;B‘“UA D, ) 2 =4v,

2
Y

6.79

_}Z{\._::__P.}:)'_ +ZA—ZB=
o 2g

Manometer: pg + Yoy + Ymh — Yol — Yoy — YoX = pa [cancel terms with y]
Pa=Py Vul_y B33 L v ao0an-x
ya }/(1 0'907/\v

16v; —v; _ 150}
2g 2g

o _ [2z0500® /2322 f/5*)(14.04)(28 i) _ 11.86 fis
A \/ 15 - 15(12 in/ft) '

r(4in)? 11.86ft 2 .
= A= x « =1.035 ft¥/s
Q=40 4 s 144in’

In®: 1404h-X+X=

(See also Prob. 6.79) va =vp/4 = 10.0 ft/s/4 = 2.50 ft/s
14.04h = 150} /2g

i .
- 15@308Us)” 1037w 20~ 124in
2(32.2ft/5)(14.04) f

6.80

72
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6.81 2 2 3 .2
£.{‘_+ZA+.I_)£‘..=_&+ZB+P—B— UA=.._Q__= 4'O.ﬁ2/s ‘1442"'1
4 2g ¥ 2g A, #m(6in)"/4 ft
UZ __02 D 2
PB:PAJr?’Ii A B} v, =0V (-—A] =4p, =81.49 ft/s
2g B A DB A
., 62.4 1b)| (20.37% —81.49H)ft%/s* | 1 ft?
=60.0 psig + (0.67
e psig * ( )( i’ ){ 23221/5°) |14 in®
6.82 2 2 2
—RA-+ZA+—%—=!£+ZB+~I—)—B— UBZUA..éé.:UA..(lp_g__%{‘Q.ﬂ_Z=3_7890A
® 28 7, 2g A, 0.02333 ft
PA=Py,, _, _ vy~ U} v -0 =(3.789v, )" - v? =13.3607
o 2g Za—25 =-24 in

=20.37 ft/s

= 31.94 psig

Manometer: pg + 7y,(24 in) +y,(6 in) + v, (8 in) — 7,(8 in) — y,(6 in) = ps
Pa—Ps = Yo(16 in) +7,(8 in)

— 3
Pa=Po —1gin+Ze(8in)=16in + =t 0/ I

in@ 25.08 in—24.0 in= 13.36v; /2g

- 2 .
oA = ’2g(1.08 in) _ |2(32.2ft/s")(1.08in) _ 0.659 fi/s
13.36 13.36(12 in/ft)
0.659 ft
s

= 0.0582 ft’/s

Q= Apva = 0.08840 ft* x
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6.83

74

Plot shown below. Data computed as follows.
Pt. 1: Tank surface - Pt. 2: Outside nozzle - Ref. level at D.

2

Pt. 1: z,=10.0 m; i)‘—=0; val =( See Problem 6.72 for data.
2g 4
2 2 2 2 2
Pt A: za=100m; 2o =G302M8) 565 LB _ve_bb
2¢g  2(9.81m/s”) 2¢ 2g 2g
- 2
Pa o 32TKN/m 4 605 m= Lo
7y  8.437kN/m y
2
Pt.B: z5=13.0 m; <& =0.625 m
2g
_p_.B_:_—_‘_3_(_)__5_§:_.3625m
y  8.437
Pt. C: Same as Pt. A
2
PED: 2p=0; 22 =0.625m 22 =" —9375m
2g y 8437
2 2
pt.2: 2 =0 2 =400 0 0m 22 =0
2¢  2(9.81) ¥
2 P
vy 'TYB"
29
/ .2
2 \I"" ug
Vs Pa_ 29 P
Tohesd Zg< 7Y | (TP Y
3 A
100m=2z, z, zq ze Py 2
Y 2g
2
Reference ln,
level 2g &'—
Pt1 A B c D P2
(zp=01
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6.84 See Prob. 6.73 for data. Letzy =2z =0

3
f  1san

2
PLA - &259.()21bx144;n o
¥ in ft

vy _(0.250,)" _[(0.25)(35.6ft/s)]’ _ .

62.41b

—Totalhead =116.6ft

- 23ft
2g 2g 2(32.21i/s%) |
pe.p: Lo - G204 _ o0 g4
¥ 62.4
—Total head =116.6 ft
2 2
2g  2(32.2)
Total Head
JA F uz
2 T 2
Pa Pa
Y Y

HRelerance level (Pipe centerfine)

Flow of Fluids
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6.85

76

Pa U,i _Pc 0(23 . . — -
A4z, +A=E4g + 3 (Neglecting energy losses); pa=ps=0,04=0
g

4 2g 7y
w6 = [28(z, —24) =+/2(32.2 f/s*)(30 ft) =43.95 ft/s

. 2 2
do=TABIM) R g san 107
4 144 in
-3
Velocity in 2-in Sch 40 pipe: v; =vg X fﬁ— = (43.95)§é-22->il(—)—— =16.06 ft/s
4, 0.02333
o . A 8.522x107
Velocity in 6-in Sch 40 pipe: vs = vg X —==(43.95)—————— =1.867 ft/s
ty pip 6 = Vg p ( ) 02006

6

L2 /2g = (43.95 ft/s)’/2(32.2 ft/s”) = 30.0 ft
vl /2g =(16.06)/64.4 = 4.00 ft = v}/2g =V} 2g =v}2g = v}/2g
v2/2g =(1.867)7/64.4 =0.054 ft= v’ /2g

2 2
. v v,
Point B: £¥4~+zA+~—A—=—p£+ZB+—~E~; Pa=0,0,=0

4 2g ¥ 2g
2 2
v 62.41b 11t .
= —zn )| = 150ft-4.04 =477 psi
Ps 7/{(4\ B) 2g} o [ ]144in2 psig

2

Po gz 2B =15 ft-40ft=11.0ft
7 2g

Same values at point D.

2
Point C: £& = (2, — z0) - ge— = 15.0 ft — 0.054 ft = 14.95 ft
y g

pe=v(14.95 ft) = (62.4 1b/ft’)(14.95 ft)(1 ft*/144 in®) = 6.48 psig

Point E: £ = (2, —zp) - 03/2g =9 ft—4.0ft=5.0 ft
y
Pu=7(5.0 ft) = (62.4)(5.0)/144 = 2.17 psig

2

Point F: P& = (z, — zp) — 25 =30.0 ft— 4.0 ft = 26.0 ft
/4 2g

pr=7(26.0 ft) = (62.4)(26.0)/144 = 11.27 psig
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2 02
Pa. a0 =A. 0081 Total Head gg-o
Y 20 2 - Z 2 Y ZYA
Tl v A v v v
- s+ 1 E —E
-1:-29 pe T +u &1:‘20
o A = o
auaoﬂ i Y T %
| R S \.J
——— L — baed P/
z oz
\
] -l
Referencs ievel Z=0=2q

6.86  With Mercury at wall of throat, #/2 =0.30 m; #=0.60 m

2 2 2
_1_)1_+Z]+l_)l_=£—’—+zt+2’—— U =0 _41_—0 Pl = Z§ 229!)
Y 2g 7., 2g VRN )Y 25 :

DD Uzz "'Ulz _ (9')1)2 _Ulz _ 80012
Y 2g 2g 2g
Manometer: p; + v,{(D/2) + v,(0.60 m) — v,,(0.60 m) — v,(D/2) = p,
P=p _7n060m) 6 m=1354(0.60)-0.60=7.52m
Y Y

oy = \/2g(7.52m): \/2(9.81)m(7.52m) 1361

80 52(80)
O = Ay, =1(0.075 m)*/4 x 1.36 m/s = 6.00 x 10~ m*/s
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6.87

6.88

2 2
B‘—-Irzl +—lﬁ—=££+z2 + 2 v, =J2g(z, -2,) =J2gh = Velocity of jet
4 2g vy 2g
h(ft) v(ft/s) %
10 25.4 20 /
8 22.7 A
o(fys) 15
6 19.7 /
10
4 16.1 /
5
2 11.4
0
1.5 9.83 0 2 4 10
1.0 8.02
0.5 5.67
0 0
3
0 =200 gal/min x — /5 = 0,445 s
449 gal/min

_Q_0445ft’/s 144 in> _9.07 ft

J2gh (See Prob 6.87)

v
)
A
2

v,

2g

m(3.00in)* /4(f°) s
(9.07 ft/s)* _

2(32.2

Torricelli's theorem

6.89

6.90

6.91

6.92

6.93

78

e

2¢ vy

ft/s®)

1.28 ft

2 2
E'l-—*.z] +_l_)L=—I—7—2-+ZZ +‘§‘2“Z v, :\/zg(zl “22):\/2gh
g

Ref. Fig. 6.37; Pt. 1 at tank surface; Pt. 2 in jet outside orifice

2
pe Yo
g

(9.07)* ft*/s)?

2(32.2 fi/s?)

=1.28 ft

To the level of the fluid surface in the tank.
1.675 m above the outlet nozzle.

h=3.50ft -~ 1.0 ft = 2.50 ft = Depth of fluid above nozzle.

how=h+ L= 2,50 ft+

4

12.01b ft® 144 in®
in? 62.41b ft*

28.0 ft=h+ ply =4.50 ft+ pi/y
62.41b 11t

=728 —4.50] =

2222 %23 5fix
fi 1

— = 10.18 psig

=2.50 +27.69 = 30.19 ft
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694 950m=h+p/y=150m+pfy
p1=7[9.50 - 1.50] = 981 kN x 8.0 m = 78.48 kPa

m3

Flow due to a falling head

2(4, /Aj) 12 12 2(400) 1/2 _ .
= (B - )P ) = —==—==(2.68"" —0) =296 s [4 min, 56 s]

~J209.81)
A,=n(3.00 m)%/4 =7.07 m* 4; = n(.15 m)*/4 = 0.0177 m’
A/4;=17.07/0.0177 = 400

695 64

6.96  A/A;=(D/D) = (300/20)° = 225
2(225) (:055'>-0) =23.8s

N TOXT)

6.97  A/4;=(D/D) = (12/0.50)* = 576

L—t = —-—3@—6—)————(15.0 fi'” ~0) =556 s (9 min, 16 5)

J2(32.215%)

6.98 A/4;=(D/D)" =(22.0/0.50)" = 1936
g=(32.2 f/s*)(12 in/ft) = 386 in/s’
_ A4 -4) 2(1936)

_ 1/2_’h\/2 -
BT T e (W" -4 2686 iws?)

6.99  A/4;=(D/D;)* = (2.25 m/0.05 m)’ = 2025
_ 20029 (268> ~1.18"?) =504 5 (8 min, 24 5)

bh—t = e
P 208

6.100 A/d;=(D/Dy* = (1.25 m/0.025 m)> = 2500
2(2500) (138" -1.155"?) =113 s (1 min, 53 5)

bnﬁ:,pwsn

6.101 See Prob. 6.98: g= 386 in/s’
6.25 ft(12 in/ft)
0.6251in

(18.5"” in~0) =599 5 (9 min, 59 5)

2
A/4;= (DJD) = ( ) = 14400

_ 2(14400)

TG

(38"2-25.5") =1155 5 (19 min, 15 )

067

2
6.102 At/A,:(Dt/Dj)z:( 46.5ft ] _

8.75in(1 f/12in)
2(4067)

J2(32.2 ft/s)

(23.0" - 2.0"*) =3427 s (57 min, 7 )
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6.103

6.104

6.105

6.106

80

See Prob. 6.97.

3 2.2
p_3O0WbMU 144in° _ 1) op g =150 ft+ 11.54 ft = 26.54 fi
y

in® 62.41b ft*

h=1154ft= £
4
-t = —-2—(~5—7-6—)——(26.54”2 ~11.54'7) =252 s (4 min, 12's)
J2(32.2)
See Prob. 6.101.
3 2 .
p_28lb f 144in® _ . 12in_ .

y  in®62.4 Ibft?
h=38in+77.5in=115.51in; b, =25.51n+77.5 in =100 in

= 204999) (115 52 _100"2) =774 s (12 min, 54 5)

"ThT aGse

See Prob. 6.96.

y  m’ 98IKN
hy =0.055 m+2.039 m=2.094 m; &, = 2.039 m

bh—t = -—2(—22—5)—(2.094‘/2 - 2.039"2) =1.94s

J200.81)

See Prob. 6.100.

B =138+3.57=495m; h=1.155m+3.57 m=4.722m
= —29-5—()@-(4.95”2 —4.722”2) =578s

N YCX)
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CHAPTER SEVEN

GENERAL ENERGY EQUATION

7.1

7.2

7.3

7.4

7.5

2 2
‘EL’*Z; + ””&’*'Zz +—2;z1=zand v, = L,
7 Y,

3 ra2
p =By (46 622-2) b f LA 3451 - i
7, in (0.83)62.41b)  ft

v; p vy ’
&+ZA+—A—hL:~—~B—+ZB+—-2£ UB:UAfiA_:UA BA
Ve 2g Vw g A, D,

2 2
pB:pA_}_ywli(ZA_ZB)—i_UA UB"hL:l
2g

, (107 —40)ft’/s’

Py = 60 psig + 624 1o |:30 ft

ft> 2(32.2 fi/s*)
2 2
TIPS R .
7w 2g 7w 2g

4 2
vy =10 ft/s(—i) =40 ft/s

1t

4in

—25ft |——— =52.1 psi
[ 52 ms

Pt. 1 at surface of water. v, =0
Pt. 2 in stream outside nozzle. p, =0

3
Uy = \/28{"&+(Zl —Zz)_hj,:} = \/2(9821 m)(1401(Nm +24m - 20m:'

w s Lmz
=17.0m/s
O = A0, = 7(0.05 m)*/4 x 17.0 m/s =3.33 x 10
2 2
'&+Zl+£l——hL:.P.2.+ZZ+_I£2_
}/M’ 2g ;/W' 2g
pr=p,=0and v;=0
U2
hL:(Zi“Zz)—i
2
h=10m~ _(4_56_1118.)?_ =894 m= 8.94N-m
2 2
pA+ZA+JmmL’—_p§‘+ZB+ s o,
Vo Y
vl -0
hl*-pAy pB+(ZA“ZB)+ A B .

9.81kN

m’/s

Pt. 1 at water surface.
Pt. 2 in stream outside pipe.

by = Q_ 0.085m’/s
A, 1.864x107° m’

v, =456 m/s

A4, 0.02333 ft?

General Energy Equation
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7.6

7.7

7.8

7.9

82

Manometer: pa + 7,{10 in) — v,(14 in) — 7,[(44 in) = pg
Py~ Ds _Va(14in) +y (34in) _ 13.54y,(14in) +7,(34in) _ 223.6 in x 1ft

Y Y Y 12in
=18.6 ft

(8.57% — 2.26°)ft*/s?

h,=18.6 ft+ (4.0 ft) + =15.7 ft
t ( ) 2(32.2 fs?)

v v; -p
—l—)‘—+zl+———’——hL Py +z,+—2:z =z, andy, =0, 1h, =%
Vw 2g Y 2g 7w

Manometer: p; + 7,{X) +7.(6.4 in) — ycr(6.4 in) — y,(X) = p,
P =Py _ Ver(64in)—y,(6.4in) _1.60y,(6.4in)—y,(6.4in) _3.84in

V. Y. 7. 12 in/ft
=0.32 ftzhL
2 2
kL=K—q3-: K:Zg?L 22(32.2ft/s )(0.32 ft)=5'43 _K
2g V2 (1.95 fi/s)
3
= Lo OI0f/s oo g
A4 005132

2 2 _
Ll Ly z +-l—)———h _p2+22+g_ V=0 By "M+(z,—zz)
Vo 2g 7o 2g Yo

Manometer: p; + ,(X) + v,(0.38 m) — 1,,(0.38 m) — y,(X) — 1,(1.0 m) = p,
P=P; _ 7,(0.38m) N 7,(0.62 m) _ 13.54y (0.38 m) £ 0.62m=6.337m

Yo Yo 7o 0.907,
2
hy=6337m+ (1.0 m)=5.337m= K(—;—)z—)
g
2
K= Zg:zL _ 2(9.81 m/s )(6.3237 m) _ 727
v, (1.20 m/s)
2 2
Py z, + by h,—h, = =P Z, + =% 02 Ref. pts. at tank surfaces. Assume A, =
Ve 2g Ve 2g
= 0, Zy = 2y, and D=L = 0
3 : 3
A:_&ZSOOfN m ~5097m Q=2250L/mm(1 1‘rn/s)=0.0375 /s
y, m  981kN 60000 L/min

P, = hiy,Q=50.97 m(9.81 kN/m*)(0.0375 m*/s) = 18.75 kN-m/s = 18.75 kW

p,—p (500 — 68)kN

ha= =3 3
7 m°9.81kN/m

Ps= hyy,,Q = (44.04)(9.81)(0.0375) = 16.20 kW

= 44.04 m (See Prob. 7.8, p; = 68 kPa)

0.
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2 2 2

7.10 !ﬁ—+zl+i)l~+hA—hL=£l+zz+—U~2—; _
7 2g Y 2g —
p1=p2=0; v =0
2 2 11/4 Sch40
hy=(z,—z1) + i’?-=20ft+——(1—0f—tfs—)—5- =21.55 ft pipe 20t
2g 2(32.2ft/s%) l
2800 gal/hr 1ft’/s 3
= x =0.1039 ft'/s
Q 60 min/hr 449 gal/min Assume £y =0

_ O _0.1039f/s

S22 =100 fils
A, 0.01039 fi>

a)  Py=hy,0=(21.55 ft)(62.4 Ib/f’)(0.1039 ft'/s) = 139.8 Ib-ft/s x __lhp
550 Ib- ft/s
=0.254 hp

by ey= La=0258bP _ 505 50,89

P 0.50hp

711 P, +—lﬁ2—+h P, +_U_22__ Pt.1at wellsurface. p, =0and v, =0
' y, 28 “* ' y, * 2g |Pt.2attank surface. v, =0
3 2
ho= L2y (z,—z)+h, =%+120 ft+10.5 ft =222.8 Ib-ft/Ib
” in” 62.
3
o=I8glh S 60077 86
60 min/h 449 gal/min
2 Py=hyo= 228bM 62410 00277 f' _3481b-ft  1hp
AT Al b e s b 5501b-ft/Ib
=0.700 hp

b) ey= a=0700MP _ 260 70.0%

B, 1.0hp
p V2 p v?

712 Haz+tth, —h ="2+z,+2 0=
7w 2g Yw 2g
_ P D [520 - (-30)]kN
h = — = +075
T E A e N "
~56.82m e
1m’/s me f,=0

Q=75 L/min x =1.25x 10 m’/s

60000 L/min
Py =y, = (56.82 m)(9.81 kKN/m*)(1.25 x 107> m*/s) = 0.697 kN-m/s = 0.697 kW

General Energy Equation



7.13

7.14

7.15

84

2 =75 L/min = 1.25 x 107 m*/
'g‘é““f‘ZA‘i”B““'f‘h *“h E‘E‘FZ +“lﬁ3‘ Q n x (Prr:)’lbs7 12)
7, 2g 70 2g o

-3
hA:pB Pa +(ZB—-Z )+ UA +h v, :—Q—:~———-—--——————1'25X10 = =0.577 m/s
. 2g A, 2.168x10
i P4, 5574x107
275 - (=20)]kN 2 ym? _ 2
- [ (-20)] 4 120m , (2243 -0.577")m /s +2_5(2243m/s2)
m2(.85)(9.81 kN/m®) 2(9.81 m/s?) 2(9.81m/s?)

hy=3538m+120m+024m+0.64m=37.46 m

P, = hyy,0 + (37.46 m)(0.85)(9.81 kKN/m’)(1.25 x 107> m*/s) = 0.39 kN-m/s

=0.390 kW
Pa 02 Pa _'ZB_ Pt. A at lower tank surface. p, =0
a) tzy = —h =P+ + .
7, 2g oy, 2g Pt.B at pump inlet. v, =0
L2 _Q _ 20fts _
=7 {(z A TE) Ty T L} U Toz006m s
2 2
. :62.4§1b 10— 9.97 ft/s)2 6t 1ft. — —7.60 psig
ft 2(32.2 ft/s%) 1441in
2 Pt.C . =
b) £9+ZC+B-C——hL -pD+zD+PR t.C at pump outlet Pp =0
V., 2¢ "y, 2g Pt.D at upper tank surface. v, =0
U, = Uy =9.97 ft/s
L 0
=y 2y —Zc)——+ =
Pe=7,| (25 —20) 2g I Po
vp=0
D= 6241b [40 ft —1.54 ft +12 ft] L =21.9 psig
144in*
Pa v,y Pp Vg -
c) +z, +=2+h, —h —h ==+z, +—: pa=pp=0; LA=p=0
Vo Y 2g

ha=zp—z4+ b, +h_=50ft+6ft+12ft=68.0ft

84861b-ft  hp

d)  P,=hgy,Q = (68.0 ft)(62.4 Ib/ft))(2.0 ft’/s) = =15.4h
) Pz hn@= (G50 SO = = S50t 1 P
(See Prob. 7.14)
vl 624 1b 1 ft?
Q) pe=7,| (24 —zp)— 2=k |=——[+10 ft—1.54 ft~ 6 fi]—
g fi’ 144 in
Chapter 7



7.16

7.17

7.18

b) pc=21.8 psig (same as Prob. 7.14)
¢) hy=(zp—za)*+ h_+h, =30ft+6ft+12ft=48ft

d) Py=hgy,0Q = (48 ft)(62.4 1b/ft*)(20.0 ft'/s)/550 = 10.9 hp

Pt.1at lower tank surface. p, =0
a) Pz 8 g p =Py P
7, 2g 7, 2g | Pt.2atupper tank surface. v, =
ho=P2 4z, —2)+ S25INM | S m+42m=117.6m

"~ m?(0.85)(9.81 kN)
9. 81kN] 840 L/min(1m*/s) _13.73kN-m

[+

Py =hy,Q = (117.6 m)(0. 85)(

60000 L/min S
=13.73 kW
2
b) .EL+Z b Y ~h =P + 2z, +—- l Pt. 3 at pump inlet.
7, 2g 7o

vy
P3=7, (21~Z3)——2—g—~hLS

_ (0.85)(9.81 kN)[_&Om_ (453m/s)’ 14N-m
m’ 20981m/s’) N
Q _ 840 L/min(1m’/s) 1
4 60000L/min  3.090x10™ m’

} =-45.4 kPa

=4.53 m/s

U3:

Pt.1at lower pump surface. p, =0

2 2
v
p‘+z +~——+h —-h, = p2+zz+—3—

Pt.2 outside pipe at cutter. v, =0
7y 2g Yy 2g

p,=0

2 2
hi= G-z 2 =125 m+ oL
2g 29.81m/s?)

3
0y = Q _60L/min(Im /s) 1 =291
4, 60000 L/min 3 437x10" m

9.81kNY( 60 m’
P, = hyO= (4.68m)0.95
4= hayQ = (468 m)( )( m’ )(60000.9)

+3.0m=4.68 m

_ O.()4361<N-mx103 N_43.6N-m

=43.6 W
S kN s

Tub Volume = (xD*/4)(d) = [1(0.525 m)*/4](0.25 m) = 0.0541 m’
Q= Vit=0.0541 m*/90 s = 6.013 x 10~ m’/s
Qo _ 6.013x10™* m’/s

Outlet v, =
v 4,  #(018m)¥4

=2.36 m/s Pt. 1 at tub surface.
. , Pt. 2 in outlet stream.

—Pi_*_zl U h_h -—..___+Z +_l_)_. P1=P2=0; 1)1=0

Y 2g /4 2g

V2 (2.36 m/s)’

hy=(z—z) + 2 +hy=(1.00 —0375)m + =2 41 020m =1.13m
1= @-2) 2g L= Jm 2(9.81m/s?)

General Energy Equation

v, =0
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7.19  Weight Flow Rate = W= w/t = 556 1b/10 s = 55.6 Ib/s

3
0= 33610 ooty py= L= OIS 1651 1us
v, 62ATb/ft 4, 741274t

2 2
g = UA[P—A—) =10.21 ft/s(i) = 18.15 ft/s at outlet of upper pipe (Pt. B)
D, 3
Pa U;i Py U; - -
Apz, 24, —h =Ptz +2  h=0andpp=0
Vw 2g Ve 2g

2,2 2 2yp2/02 3 .2
b= -z + U _Pa gy (1815 10.212)& s 22.01bft 144;11

2¢ 7, 2(32.2 ft/s) in*(62.41b) ft
ha=20 ft+3.50 ft + 4.62 ft = 28.11 ft

550 ft-1b/s

=2.84 hp

_ 9.1gal/min(1 ft*/s)
449 gal/min

Py = hy,0 = (257 ££)(0.90)(62.4 1b/ft*)(0.0203 ft'/s) = 292.5 ft-1b/s/550 = 0.532 hp
P, _0.532hp

ey= 4 =0.626 = 62.6%
P 0.850hp

=0.0203 ft*/s

720 Q

3
791 QZ% 10L 1m . )

x =250x% 107 m%/s
40s 10°L g T l/\! T )
N/

_ 1334KN (.15 m) = ~20.0 kPa

J4! =ymh

2 2

—l—)‘~+zl +—U—‘—+hA —~h, ——-&+z2 + 2
Ve 2g Ve 2
L PP _ [30-(-20)]kN/m?
oy, 6.67 kN/m’

P4 = hyyQ = (7.50 m)(6.67 kN/m’)(2.50 x 10> m’/s)(10° N/kN) = 1.25 N-m/s

=750m

stroke _ 7(5.0 in)’(1 f%) y 20in ft
time 4(144in”) 15s 12in

722 a) Q=Ayx =0.01515 ft’/s

Fo_ T1000Ib 6o phyin?)(144 in¥i) = 80672 Ib/62

b)  pey =
) Pen Aoy 7(5.0)*/(4)in>
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2 2
V¢

2
c) £_&+ZB+__B—._hLD =_E_C_+ZC+__...

Pt. A at tank surface.
7, 2g 7, 2g

Pt.B at pump outlet.

V% -0} ol
Po=pct7,| (e —2z5)+ c B +hLD Pt.Cincylinder.
o 2g
. 3
=200 B _onndt p, = L Q0BT g gy
15s 12in s A, 0.000976 fi*
2 _ 2 2
o= 560 psig + 0908240 g gy QI Z13:527) 551 10
ft* 2(32.2) 144in
= 576.1 psig
2 2 3
d) ‘IZA“*‘ZA +2'A‘*hLS =£P~+ZD _U_D_; Pt.D at pump inlet.
Yo 2g Yo 28 pa=0,0,=0

UZ
Pp= yo‘:ZA‘ZD—E—Z—_hLS}

Up=Ug= 15.52 ft/S
2 2
_ W[-S.Oﬂ_ﬁw_usﬁ Lft

ft* 2(3221/s*) T |144 in?
pp = —4.98 psig
P v, P Uz
e) A4z, +-A4h —h —h ="E4z,+5: pa=0,0.=0
) 7, A 2¢ A T TR ’. C 2g Pa A
2 3 2
h, = +(Zc—zA)+ +h th =——-———————————2806721b ft +15ft+(‘1111)
, 2g > 11°(0.9)(62.4 b) 2g
+11.5ft+351t
hy,=1498 ft
Py = hy,0 = (1498 £1)(0.90)(62.4 1b/f%)(0.01515 ft*/s) = ——~————-—12755 gto' bfs _ 232 hp
2 2 ~3_..2
723 Payg 49 g g =Pryg 18 |y =0,. A _ 5 L772x10 L
7, 2g 7, 2g A, 3.835x10™*m

2,2 = . _
B = Pa — Dy t(z, )+ v, —U; Da = 6.93 m/s; assume A;, =0

o

. 6 2 2__ 2 242
= (6834010 )Nﬁm 43,0 (693 ~1.50 ):n 5 300
0.90(9810 N/m’) 2(9.81m/s?)

P = hoQ = hgyodp s = (390 m)(0.90)(9.81 kKN/m’)(1.772 x 107> m®)(1.5 m/s)

=9.15 kW

General Energy Equation



2 2 7.57 /s
Doy, 4V g poPey. U vy =L = TSTIIS g 04y
724 v +ZA+2g hy =h, ”. +ZB+2g A 4,  0.77714t
2 2 7.57
~ Pa"Ps _ Uy —Up v =-—Q—=—————-————271ft/
hy t(z, —zp) t h, b4, 2792
. 3 2 2
0- 3400 gal/man ft’/s) _ 757 s h PN 2.0(9.74)" _ 295 fi
449 gal/min 2g  2(32.2)
21.4—(=5)]b- £’ (144 in’ T4 2.4
= BLAZCONORW D) o OTF 274 ) osp-6r31
in“(62.41b) 11t 2(32.2)
o= hapnQ = (62.3 f)(62.4 b/0)(7.57 f/s) = —oa AL 10/S o3 6 hp

(550 ft - 1b/s) /hp

2 > | Pt.latoilsurface. p,=0andv, =0
725 Py B g p=Pein 2 , P !
¥, 2g v, 2g | Pt.2inoutletstream. p, =0

hp=(2y —23) — j’ZE —h=10m-0.638m~-1.40m=7.96m

> 3.5 s: >
4, 7(0.30m)7/4 2g  2(9.81)m/s
Pr = hry,Q = (7.96 m)(0.86)(9.81 KN/m*)(0.25 m*/3) = 16.79 kN-m/s = 16.79 kW
P,=Pr-ey=1679 kW x 0.75 = 12.60 kW

3 2 2 27.2
_Q_ 025m's _ag, b 334 mfs el

2 2 O = 40 gal/min/ 449 = 0.0891 ft’/s
726 Bz lloh =Lz 22 Q _ 0.0891 /s
Vs 2g 4 g == Do 74Ys
p-p ( ) —0 4, 0.05132ft
hy= +(z,—z +——--+hL
yf 2g v, :gzmz3_82fv
A, 0.02333

[50 0—(-2.30)]1b- ft* 144 in* o5 (3.82% —1.74")ft?
in”(60.0 1b) ft* 2(32.2ft/s*)s’
Py = hayQ = (154.1 f)(60.0 1b/£t’)(0.0891 ft*/s)(1 hp/550 Ib-ft/s) = 1.50 hp

+3.41t=154.11t

727  Pr=P,ley=1.50 hp/0.75 = 2.00 hp

728 ) 2 &+Z +.9i_ Pt.1at water surface. p, =0,0, =0
. 1 L~

¥ 2g ¥ 2g Pt.21in outlet stream. p, =0

2

hy=(zy — z2) — 12)-; = 4.0 m - (5.14 m/s)*/2(9.81 m/s’) = 2.65 m

. 3
by = 0 _ 600 L/min(1m’/s) =514 m/s

A, 60000 L/min1.945x107* m®
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7.30

7.31

7.32

£L+zl+12)—’2—— L:&—*‘Z!}_"—;}_}i Pt.lattanksurface.p;=0,ul=0
T & £ oy =L = 0000m S 15 s ms
v; 4, 4.768x107° m
pe=rx| (23 —25)—5——hy
2g
2
ps=(0.823)(9.81 kN/m’)|17.0 m — m ~4.60m | =35.0 kN/m® = 35.0 kPa
2(9.81m/s”)
2 ? Pt.1at ir surface. p, = =
£]‘+Zl+£)l—*hR‘hL=&+Zz+”U“2“ at reservoir surface. p, =0,v, =0

Y. 2g V. 2g Pt.21in outlet stream. p, =0

U2
hi=(z1—z) — == — g
2g
_ © _1000 gal/min 11t*/s

- — = 6.41 fi/s
A, 03472f> 449 gal/min

2
hy =165 ft - w - 1464 ft=17.9 ft = 17.9 ft-Ib/lb
2(32.2 ft/s*)
ho— B _ 370 hp(5530 ft-lb/s)3 1464 ft
y, O 1hp(62.41b/ft")(2.227 ft'/s)
v} vl
—g‘—+z, +——h, =£—A—+2A +—%  Pt.1atreservoir surface. p,=0,p,=0
Yw 28 7 7 2g

2
h=(z,~zy)= -p—”‘+§é—+hL

0 = 1500 gal/min x 1 ft*/s/449 gal/min = 3.341 ft'/s
Q 3.341/s

UA: ot

A4, 0.5479 ft?

, = S0Ib()(144in’) | (6.10 /s’
in2(62.4b)(f)  2(32.2 fu/s?)

=6.10 ft/s

+0.65 ft =128 ft

2 2 3
Payy w9 g gy =Poyy |, Q@ 33MNE g0
Y 2g " Y 2g A, 034721t

— 2 4,2 _ 3 22
hy= Py~ Pa (2, —2,)+ Uy — U, “‘”hLD _ (85. f)lb(ft )142111‘1
Vi 2g in”(62.4 Ib)ft
+ (9.62% —6.10°)ft*/s?
2(32.2 ft/s*)

Py = heyO = (238.5 f£)(62.4 Ib/f)(3.341 £t'/5)/550 = 90.4 hp

+ 25 ft

+28ft=238.51t

General Energy Equation
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7.33 !_’1_+Z] +_Ui_hL ____p_2__+22 +£§_ Pt.1at tank surface. p, =0

Vi 2g Vi 2g Pt.2in outlet stream. p,=0
2 2 2
b= Ptz -z~ 10BANM g, (289 e m
Y 2g 8.07kN/m 2(9.81 m/s™)
[: =0.936 m
_ © _ 500L/min 1m’/s

——5 X —=4.28m/s
4, 1.945x107m" 60000 L/min

p1 = 15.0 psi x 6895 Pa/psi = 1.034 x 10° N/m” x 1 kN/10> N = 103.4 kN/m’

7.34  (See Prob. 7.33) v, =2(4.28 m/s) = 8.56 m/s
v} _ (856 m/s)’

 _3.74m: Then = 6.88 mx — it —
2¢g  2(9.81 m/s”)

=27.52m
m

2
=y {(Zz —z)+ %— + hL} - 807K [5.0+3.74+27.52]m =292.6kPa
g

m3

p1=1292.6 kPa x 1.0 psi/6.895 kPa = 42.4 psig

General data for Problems 7.35 through 7.40:

Yo = SgaYw = 0.93(62.4 1b/ft’) = 58.03 1b/ft’
O =175 gal/min x 1 ft*/s/449 gal/min = 0.390 ft’/s

Py =Py x ey = 28.4 hp(0.80) = 22.7 hp x 550 ft-Ib/s/hp = 12496 ft-Ib/s

2 2
735 Biaz B p ah by =Poaz 4250 pi=po=0,0,=0
y 2g v 2g

UZ

hR = (21 —‘26) bl E—G;g—_hl““"
71 —2z¢=-1.0 ft
Q _ 0390 ft’/s

U= == =D = 1172 fifs= 3= 04 = v
° 4, 0.03326f BT

v (1172 _
2g 2(32.2)
h, . =2.80+28.50 +3.50=34.8 ft

+h

A

2.13 ft

Py=hyQ: hy= b 1249(3 ft - b/s 3
yO  (58.031b/¢)(0.390 ft'/s)
hp=-1.0-2.13-34.8 +5525=5145 ft
3 3
Py = hyg = SIS MGBOBI/NOIN MR _,y o
550 ft-1b/s/hp

=5525ft

90
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2 2

7.36 pl+ -+ ‘—h =Py +5”~ P=0,0=0
g

¥
{(zl -2,) ~———h ]
3
by = 203900 554
A2 T 0.05132 fi°
v _ 759" _ 80611
2¢ 2(322)

— 580322140 ft - 0.896 ft —2.80 fi] L 310 psi
pr= o8 e ' M P

2 2
7.37 éz/‘—Jrz] +§;”hL*‘Z +hA=£;i+z3+—§—3§: p1=0,v,=0

2
—y[(zl—-z3)—iz)3—~h,“+h] 58.0312[-4.0~ 2.13-2.80 + 552.5] - ft’
g

ft’ 144 in?

3 =219.1 psig

2 2 =
7.38 p3+z +~Li———hL :p4+z + 2, O =0
/4 2¢ 7y 2g =Z4
pa=ps— yh,_ =219.1psig—58. 03 — (28 5 ft) lft > = 207.6 psig
ps v; _ D v, _
739 Azt h =2 tzot =0 0s= 06, pe=0
7 2g "y 2g
3 Ib 12 .
ps= ¥z —2z) +hy |=58. 035 [-1.0 ft+3.50 ] = =1.01 psig

7.40  For Q=175 gal/min, Fig. 6.2 suggests using either a 2 2-in or 3-in Schedule 40 steel pipe for
the suction line. The given 3-in pipe is satisfactory. However, noting that the pressure at the
inlet to the pump is —3.10 psig, a larger pipe may be warranted to decrease the energy losses
in the suction line and increase the pump inlet pressure. See Chapters 9-13, especially
Section 13.12 on net positive suction head (NPSH).

Fig. 6.2 suggests either a 2-in or 2 Y-in pipe for the discharge line. The given 2 2-in pipe size
is satisfactory.
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2 2

g

4 2g 4

v =0?
pl:y[(zzmzl)"’ % ! +th‘
2g

y = 0.76(62.4 b/ft’) = 47.42 1b/ft’
2z — 2z =-22in(1 ft/12 in) = —1.833 ft

3
o=l T _e686s
8s  7.48 gal

_ O _ 0668ft/s 144in’

X
4, #(2.0in)*/4 f?
QO  0.668ft°/s 144in’
==

3 X
4, z(18.0in)*/4  f?
Ib

=30.64 ft/s

=0.378ft/s

(30.64% — 0.378%)ft%/s’

p1=47.42 —f—t;[~1.833 ft +

Pt.1at creek surface. p, =0,v, =0
Pt.2 at tank surface. v, =0

+220ft+15.5ft=304.7 ft

2(32.2 fi/s%)
P1=15.76 psig
2 2
7.42 —E]—+zl+2‘—-~hL+hA=£_Z_+ZZ+P_2_
4 2g 4 2g
P 30 f
hy=224(z, —z)+p, =
R T

62.41b y 40 gal/min  (1ft*/s)hp _

P,= hA’YQ =304.7 ft x

3.08 hp
0.72

743 p=La =4.28 hp
eM

92

ft’ 449 gal/min 550ft-1b/s
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2 2
VI R R R R R Y
Yo 2g 4 2g

2 2
- v =D
th pl p2+ 1 2

Yo 2g
Manometer: p; + v,y + v,(38.5 in) — y,(38.5 in) — yoy = p,
P1—P2=7Ym(38.5 in) — 7,(38.5 in)

PP, =Z/_m.(38,5 in)—38.5 in :% (38.51in) — 38.5in
7/0 }/0 0.9}/

w

PimPr 5407 i x L1

V., 12in
_ O _135gal/min y 11t%/s _0.3007 ft’ /s

=45.061t

= - : = =24.50 ft/s
4, 001227 ft© 449gal/min  0.01227 ft
3
= Q0007 1651 gy
4, 0.02944 ft
2 2\£32 7.2
hp=45.06 fr+ G453 T102ZDNS o) 76
2(32.2 fi/s?)
Py = hgyQ = (52.76 £1)(0.90)(62.4 1b/ft’)(0.3007 ft'/s) = 891.0 ft-1b/s
Py=891.0 ftlb/s x — 12 = 1.62 hp
550 ft-1b/s

745 P,=Ppxey=1.62hpx0.78=1.26 hp

General Energy Equation
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CHAPTER EIGHT

REYNOLDS NUMBER, LAMINAR FLOW,

TURBULENT FLOW, AND ENERGY LOSSES
DUE TO FRICTION

3 22
g1 p=2._ 0201 ﬁs x 144;“ =229 ft/s; D = 4.0 in(1 ft/12 in) = 0.333 ft
A 7(40in)/4 ft
N, =0DP (2.29)(0.333)(1 .:3.6)(1.94) 249 Laminar
M 7.5x10
L from App.D
82  Let Ny=4000= vD/v: v=438 x 107 f/s—App. A; D = (2/12)ft
-6
= Nav _40004.38x10°) _ o ft 03048 m _ 0.0 m
D 2/12 S ft S
8.3 Let Np = 2000 = vDp/u
-2
o = Napt __2000040x107) oo
Dp  (0.10)(0.895)(1000)
2
O=Av= 1@%)3’—)“ x 0.894 m/s = 7.02 x 107> m’/s
3
84 v=Q/Md= ()'zs—f”sz =10.72 ft/s; D=0.1723 ft
0.02333 ft
oD (10.72)(0.1723) s
Np= o= LR 1290 - 153 % 10° (v from App. A
) Ne=—J 1.21x10°° x 107 (vfrom App. A)
10.72)(0.1723)(1.
b N = 222 _10.72(0 ,Z(l 53) 428 x 10° (p, 4 from App. B)
M 6.60x10
o Nz PP (10.72)(0.1723?&1.86) _ 253 (, s from App. B)
7 1.36 x 10
H Ny= qu:(10.72)(0.1723)((_)5.87)(1.94) _ 328 10° (« from App. D)
v 9.5x10
_wDp_QDp_QDp _40p  _4Q0p _ 40
85 NR = = 2 - - Dmin - -
7 Ay 7D D N, 7Ny
M
4
3
0=40 Liminx — /% — 6667 10" m'/s: Let Ny = 2000

60000 L/min
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_ 4(6.667 x 10°) 4.244x10° 4.244 x10°°

. = 1004011)

=0.0647 m = 64.7 mm

Smallest listed

Medium Hydraulic Oil
10(0.4011)

W =511 x 104 turb.

721 %10 = 5563 turb.
. X

a min
) 7(2000)(v) v 6.56 x1077
3-in Type K copper tube—D = 73.8 mm
-8
B) Dy= 248X 10780 _ 4 141 1m; 5.in tube, D= 122 mm
2.87x 10
-3
¢) D= 2288210 (799) _ 0186 m; 3 -in tube, D = 18.9 mm
1.8 x 10 4
-8
d) Dypn= 22443107006 _ 359, 10 m; Lointube, D =457 mm
1.07x10 8
86 Ny= PDL. PP (2.97)(0.07749)(890) 12 10° Pas
P N, 5%10
. 3
_ _Q_= 8.50L/rr_131n _x 1m/s =297 ms
A 4768x107° m’ 60000 L/min
From App. D, oil must be heated to 100°C for SAE 10 oil.
8.7 Auto. Hydraulic Oil
At212F N, = P2 - (QO0A0ID <4104 turb. N =
7.85 x10
at104F N, = $OOAD o358 turb.
430 x10
88  Np= 9_122_%9&‘;2 =1.12 x 10° Turbulent
14 1.30x10
. 3
_9_ 325L/n_131n _x 1m’/s _ —3.06m/s
A 1.772x10° m® 60000 L/min
89 Np= 222 (0899(O0249)E60) _ 4 76, 10¢ Turbulent
M 3.95%10
. 3
p= Q- Dlmn  1mE 599 ms
A 4636x107m? 60000 L/min
810 Ny= 22O _ o 10* Turbulent
v 3.60x10
. 3
O 15.0L/n}:n WL E. VLR
A 1407x10 m? 60000 L/min

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
AND ENERGY LOSSES DUE TO FRICTION
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8.11

8.12

8.13

8.14

8.15

8.16

8.17

8.18

8.19

8.20

96

Np= 22 - BN36) _ g 59, 18
v 140x10
3
~Q 16305 g5y
A4 1920
3

b= Q:O.40galx ft N 1hr 5 1  —0.732fUs

A br 7.48gal 36005 2.029x10° ft

vDp _ (0.732)(0.00508)(0.88)(1.94)

63x10° =1.02 Laminar
7 2%

NR=

vDp (0.732)(0.00508)(0.88)(1.94)
y7, 1.90x10™*
Note: sg of oil may be slightly lower at 160°F.

Np= = 33.4 Laminar

Noo VPP Neu _ (4000)(4.01x10°)
U4 T Dp o (0.2423)(1.56)

= 0.424 ft/s

O =Av=4.609 x 107 ft* x 0.424 ft/s = 1.96 x 107> ft'/s

. 3
u=~Q—= 45L/m31 = 1m’/s — =267 m/s
A 2812x107"m” 60000 L/min
_vDp  (2.67)(0.01892)(0.89)(1000)
NR - = 3
7 8x10

Note: p from App. D.

=5,61 x 10° Turbulent

vDp _ (2.67)(0.01892)(890)

N:.—-.
R 3.0

=15.0 very low—Laminar

=0.423 m/s

o= o] 45 L/min 1m’/s
A

= X
1.772x10° m®> ~ 60000 L/min
vDp _ (0.423)(0.0475)(890)

2% 10> = 2237 Critical Zone
)7 X

NR=

vDp  (0.423)(0.0475)(890)
Y7 3.0

Np= = 5.97 very low—Laminar

_Q_ 165gal/min 1 ft'/s

A4 2.509%x10™* ft* 449 gal/min
oD (14.65)(0.01788)
v 237x10°

=14.65 ft/s

= 1105 Laminar

NR=

vD _ (14.65)(0.01788)
v 420%x107°

Np= = 6237 Turbulent
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Changing from laminar flow, through critical zone, into turbulent flow could cause erratic
performance. Also, v= 14.65 ft/s is quite high, causing large pressure drops through the

system.
. 3
21 4=2-300galmin IS 44114 42 = 5.in Sch. 40 pipe
v 10.0ft/s 449 gal/min
A=0.1390 ft*, D = 0.4026 ft
3
Actual v= €= COVINMSS _ g g1 gy
A 0.13901t
N = PDP _(BODOA026)213) _, 10 s
P 3.38x10™
-5 2
820 v = N _20000.21x107 £s) _ 1007 o/

D 0.0621 ft
For N = 4000, v, = 2(0.3897 ft/s) = 0.7794 ft/s
O; = Av, = (3.027 x 107 ft°)(0.3897 ft/s)
~ 1.180 x 107 fis x 42 8aVmin
1ft/s
0, = 0.530 gal/min—Lower Limit
0, =20, = 1.060 gal/min—Upper Limit

8.23  (See Prob. 8.22)
b = Ny (2000)(3.84x10°)
= =

=(.1237 ft/s; v, =20, = 0.2473 ft/s
D 0.0621

01 = Avy = (3.027 x 107 £%)(0.1237 fifs) x -‘.‘-491-——353-——-1;‘““’ =0.1681 gal/min
S
0, = 20, = 0.3362 gal/min
-5 2
824  0=130csx 27O IS ) 40 107 s
lcs
3
0= 45 gal/min x ——/S = 0.1002 s
449 gal/min
3
p= Q- QIR 1) 65 s
A 6842x10° fi
Np= VD _(465)0.0993) _ o0 s
v 140x10
-6 2
825 v=1700csx L0/ 170107 m¥s
1cs
. 3
b= Q: 215L/m41‘n _x 1 m’/s = 7142 mls
4 5.017x10*m® 60000 L/min
Ny= VD _ID0025Y o
v 1.70x10
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8.26

8.27

8.28

8.29

98

—6 2
v=1.20cs x 1_9_1-3155 =1.20 x 10°° m¥s
CS

: 3
u=—Q—= 200 L/min 5 1m’/s ~ 8.69 m/s

A 3.835x10*m* 60000 L/min

9_12: (8.69)(0.0231) ~1.60 x 10°
1% 1.20x10

NR:

2 2

v v
—&+zl+——l—-hL=&+zz+—2—: U =D

2g

7o g Yo
P1—P2=Yo[z, -2 +h]

vDp _ (0.64)(0.0243)(0.86)(1000) _ 787 (Laminar); f= 64 _ 0.0813

P 1.70x10~ N,
2 2
= LY _00813x—0 O _410m
D 2g 0.0243  2(9.81)

p1— P2 = (0.86)(9.82 kN/m’)[-60 m +4.19 m] = -471 KN/m’ = —471 kPa

NR:

2 2

£l+21 +L)l——hL =£—2'+22 +U—2: U= Wy, Z1 = 250 P —pz"_“'YWhL
Y 2g Y 2g
. 3

Q__ 12.9L/n_141n _x 1m’/s = 1528 m/s

A 1407x107" m* 60000 L/min
N = ygzw = 5.35 x 10* (turbulent)

3.83x10
D/e=0.0134/1.50 x 107° = 8933; Then f= 0.0205
LV 45 (1.528)" _

h=f —5—2—g—=(0.0205)- 8.19m

0.0134 2(9.81)
P1— P2 =Ywhy = 9.56 KN/m® x 8.19 m = 78.3 kN/m’ = 78.3 kPa

Let Ny = 2000; f= 64/Ng = 0.032; Ny = 222
y7,
—4
_ Napt__Q000)B3x10%) oo

Dp  (0.3355)(0.895)(1.94)

LV 100 (2.85)°

— —=(0.032) ft =1.20 ft = 1.20 ft-1b/lb
D2g

10.3355 2(32.2)

hsz
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2 2
8.30 &+ZA +Bﬁ—~hL =£)—B—+zB + 28 VA= Up
7, 2g 7, 2g
PB=PAtYo[z, —z5 — I, ]
4
Nopt _ BOOEX10T) 797 gy
Dp  (0.2557)(0.90)(1.94)

2 2
h= f _L_B*z_gi 5000 (0.717) =125 fi
D2g 800 0.2557 2(32.2)

1ft*

pe = 50 psig + (0.90)(62.4 1b/ft3)[~20 ft — 12.5 ft] YIS = 37.3 psig
in
8.31 £1—+Z +L)‘f“—h =—p—;+Z +£)‘2‘2“'21=ZZ' U = Lot pl"-pz:'yth:'Ybf ..L___l_)._z-.
v 28 oy T 2 D2g
. 3
v= —Q~= 20L/mj:1 5 X L m'/s — =0.719 m/s
A 4.636x107" m* 60000 L/min
2 3 /el
p=2/_:8.6231<N>< S ><10 lekg m/s =879kg/m3
g m 9.81m kN N
Ny = vDp _ (0.719)(0.024%4)(879) ~13.89 % 10°
7 3.95%10

D/e=0.0243/4.6 x 107 =528; Then f= 0.027

2
100 QO719) ) 952 N/m® = 25.2 kPa
0.0243 " 2(9.81)

1 —p2 = 8.62 KN/m’ x 0.027 x

8.32  From Prob. 8.31, p, — p» = vuhs; b = p1 — polvw

2

2
_ (035 -66kNm® _ L0

9.81 kN/m® D2g
r= hLDEg _ (37.3)(0.03388)(22)(9.81) ~ 0.048
Lv (30)(4.16)
. 3
225 L/min Im’/s — 416 m/s

A4 9.017x10*m®> " 60000 L/min

Np= 0D (B1600.03388) _, e 10%: Then 2 =55 for /= 0.048
% 1.30x10 &
g = D/55 = 0.03388/55 = 6.16 x 10~* m
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8.33 12 v’ P, vl Pt. 1 at tank surface. p; =0, v; =0
—+Zl+5“hL=_+Zz+‘— Pt. 2 in outlet stream. p, =0
: D =0.5054 ft
h=z—z=h + 2 4 =0.2006 ft’
2g
3
p= Q= 2O 1) 461y
A 0.2006 ft
o= PP (246005058 _ ¢ oq g5, D 0309 3560, s~ 00165
y 9.15x10 e 15x10
2 2 2 2
h= LY L0 go165x 200, (1246) (246 _ g4
D 2g 2g 0.5054  2(32.2) 2(32.2)
_ _ LV
8.34 FromProb.831,p; —pr =Vl =Yw f ——
D 2g
3
p= Qo OB g9 s
A (150 ft)¥4
Ne= -"-9:@'—4—9-)—(1—'—52—) =9.09 x 10 2=—1—'§9_-4- =3750; f=0.0158
v 1.40x10 g 4x10
LV 624D 5280 ft (8.49) fi*/s*  1ft?
—py = Y - x0.0158 x x =30.5 psi
O 150ft  2(3221fUs)  144in® P
3
8.35 O=1500 gal/min x ——1—%-;— =3.34 /s
449 gal/min
3 2 2
pa= L =38R 6007 fus; Y= COT 5774
A, 054791t 2g  2(322)
p U2 UZ
a) 4z +“1““th =£—'—"—+zA + A Pt. 1 at tank surface. p,=0,v,=0
7 2g Y 2g
2
zi __ZA::hz _’1—-{-_1_)_5_4-}11‘
7. 2g
Np= 2D _CODO83) _ oy q05 2o 085 55677~ 0.0155
v 1.21x10 g 1.5x10

2
b= f %23; (0.0155) x

x0.577 ft =0.482 ft
0.835

_ 5.0lb-ft* 144in?

3 — +0.577 +0.482 = 12.60 ft
in“62.4b ft
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2 2
b) E——"—+ZA D ~h, +h, —-———+z + 28

7 2g 4 2g
3
A, 03472 ft
_ 2__ 2 _ 3 .2
B = Pp — Pa Fzy—z,) + UB2 N +de __:(85 5) Ibft’ (144in°) +
g

- in?(62.41b)ft>
2 2 27,2
+ 062 —609T)/S" o0 a004 g

2322 f/s?)
N, = UDa_ OG0 _ o5
" 14 1.21x10
0.6651
Die= ——— =4434: f=0.016
T 1sx10” 4
2
= f-L—i)——-(o 016)x 2800 ©O-62) _g994
28 0.6651  2(32.2)
62:41b 334f°  hp
Py=hyy,y 300.4 ft x X =113.8h
4= k0= s 550ft-Ib/s P
8.36 2 2 Pt. 1 at well surface (p, = 0 psig).
P v p L, 1 psig
”’l+zl+"2_l‘+k,4‘hL=“l+Z +§“ Pt. 2 at tank surface.
4 4 4 -
ha=220(z,—z)+h
3
o-TMegal, b 15 4077 1%
h 60 min 449 gal/min
3
L= —Q——=99—2—7—7—£t—2/8— = 4.61 ft/s in pipe
A 0.0060 ft
vD  (4.61)(0.0874) . D 00874
Np= — = 2 =333 x 10" —=——— =583: f=0.0275
Ty 121x107 e 15x107 4
2
Ly 140 @S 4 145411

W= f 5 o-=(0027
= D2g (002755 0872 2(32.2)

_ (401b)f*(144in%)
in?(62.4 Ib)ft?
P, = hyQ = (226.8 £1)(62.4 Ib/f£)(0.0277 ££*/s)/550 ft-1b/s/hp = 0.713 hp

+120 +14.54=226.8 ft

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
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8.37 J A
Y

+z,

Pt. 1 at tank surface. v; =0

/] U
h,=2+z,+ —2- Pt. 2 in outlet stream. p, =0

02
pl = }/\v{:(ZZ_ZI)+—2+hL:|
2g

2

. 3
:_9_275gaUm1nx 1ft°/s - 118 ft/s: v (118) ~ 2167 ft

27 T 00141417 449 gal/min 2¢ 2(322)
Ne= Q:Wﬂslxlo% D_ 01342 o5 r=0.0225
1% 1.21x10 e 1.5x10
h=f —Iié’—z(oozzs) 300 5 (2167)=109.01;
2
p= 624L1b[ 3 ft+2.167 ft + 1090ft]11 f - =46.9 psi
ln
8.38 2 2 Pt. 1 at tank surface. p;=0; v, =0
)4 vy _Py ) Pr=9 0
itz +—+h,—-h =24z, +2 :
y = > y 270 Pt. 2 in hose at nozzle.

b)

102

Pt. 3 in hose at pump outlet.

Us= U
2
4= Py +(z, —z)+£—+h
2g
- 3 2
b= Q_ 95L/m1n2 o 1m /s =323 s v _G 23) ~0.530m
A 7(0.025m)*/4 60000 L/min 2¢  2(9.81)
Ny= 222 _B:29O02)A100) _, 14 10¢. r=0.021 (smooth)

u  20x107
LV
f——--2——_(0021)——(0530) m =37.86m

MOKN/M® o5 0,530 +37.86m = 58.67 m
(1.10)(9.81kN/m"*)

P,=hyQ = (58.67 m)(1.10)(9.81 kN/m*)(95/60000)m’/s = 1.00 kN-m/s =1.00 kW

4 =

2 2
p3+z +£——-h £—2—+z + 2. ip3=pr+(z2—z3) + Iy
4 2g /4 2g
s = 140 kPa + (1.10)(9.81 KN/m*)[8.5 m + 37.86 m] = 640 kPa
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839 = 1200 L/min x 1 m*/s/60000 L/min = 0.02 m/s

1 2 3
U:Q_mzllggm/s “"vi. ~ .;,;;m'
4 1.682x10° m® Laminar
a) PPV A=V f -L—P—z—
D2g
Ny= vDp _1.189(0.1463)(930) _ 079 Lamminar
i 0.15
64 \( 3200 )(1.189)°
~ 3 =v,h; = (0.93)(9.81 kKN/m’ m = 853 kPa
P2 = P2 = Yol = (093X )(1079)(0.1463) 2(9.81)
D ‘)12 D; 032 _ _ _
b) —+Zl+——*+hA“‘hL=—“—+Z3+'—-—:pl‘—p3, U= 3,21 =23
Y 2g 4 2g
2
4= hp = 853 kN/m =03 5m

~(0.93)(9.81 kKN/m®)
Pa=hyyQ = (93.5 m)(0.93)(9.81 kN/m*)(0.02 m*/s) =17.1 kKN-m/s =17.1 kW

840 At100°C, p=7.9 x 107 Pa-s

a)  With pumping stations 3.2 km apart:
vDp (1.189)(0.1463)(930)

Np= ~ =2.05 x 10* turbulent
P 7.9%10
Dle = 0.1463 m/4.6 x 10~ m = 3180; f=0.026
2 2
ho=h=f LY _0.026) 2200 Q18 4098 m
D2g 0.1463 2(9.81)

P, = hy0 = (40.98)(0.93)(9.81)(0.02) = 7.48 KW

2
b) Lethy =93.5 m (from Prob. 9.13): A, = f 2=
D2g

_ h,D(2g) _ (93.5 m)(0.1463 m)(2)(9.81 m/s?)

L fu? (0.026)(1.189 m/s)?

= 8682 m = 8.68 km
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8.41 P, v} L _Ps L)i Pt. 1 at tank surface. p; =0, v; =0
PRy T 900 L/min 1 m’*/s
I 2g Y 28 0= =0.015 m’/s
L2 60000 L/min
= z,~z)——2—h 3
Py n[( 1~ Zp) 20 L] o= Q- 0.015mh3/s = 1.99 ms
A 7.538x10° m
- vD_(.9900%) _; sox100: 22008 65333 1= 0.0165
v 1.30x10 g 1.5x10
2
= LY 0016530 L) 9 2735 m
D2g 0.098 " 2(9.81)
(1.99)
ps=9.81 kN/m{lz“z(g_gl) —2735|m _ 89,9 kPa
3 3
842 0=50 gal/min x — % _ —0.1114 ft¥s: v= Q=m = 18.56 ft/s
449 gal/min A 0.0060 ft
2 2
2 + 2, +£—+h —-h, —££+z + 22 p1=0,0,=0,=0
v 2g - 2g
iy
hy= —2+(z,—z)+h,
Np= P2 (830087 _ ) 105, D 0087 se3 1~ 0.0243
121x10 £ 1.5x10
2 2
Lo 225 (1856)' o _ps 0

h= f = ——=(0.0243
=/ D2g ( ) 5.0874 2(32.2)

3 =2
= .(fo byt 144;“ +220 ft + 335 ft = 647 ft
in° 624 1b ft

Py = hy,Q = (647 £1)(62.4 1b/£)(0.1114 ft*/s)/550 = 8.18 hp

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

2 2

8.43 &+Z+u —h, = p2+22+_u__ P1—DP2=YohL
2 2g

L

Yo g e
_Q _ 60gal/min 1 ft’/s

A 0.01414 ft? 449 gal/min
vDp _ (9.45)(0.1342)(0.94)(1.94)

=9.45 ft/s

Np= —~ =272 Laminar
,u 8.5x10
2 2
Lo 64 40 OB 4 _g7034
D2g 272 0. 1342 2(32.2)
(62 4 Ib) 11t?

P1— P2 = Yol = (0.94) (97.23 ft) =39.6 psi
4in®
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2 2
8.44 p"+z +—U——+h —h, B—B—+zB+£—
4 2g /4 2g
2,2
hA:pB pA +ZB__ZA+UB UA +hL
4 2g

3
op= L= 00 g oe s = L= 990 1503 s
A 0.06868 ft A, 003326
0.Dp  (15.03)(0.2058)(1.026)(1.94
f — B p____( )( )(ﬁ5 )( )::1.54)(105
i Y7, 4.0x10
D 0.2058
2o 220%  _1372: £=0.020
e 1.5x10™ s
2
Ly 80 U303 o 708

b= f 5 5==(0020
= D 2g (0020) 52058 2(32.2)

_ [25.0~(=3.50)]1b ft* 144 in £ 80 fi + (15.03)* —(7.28)* ft*/s>
in(1.026)(62.4 Ib) ft* 2(32.2 ft/s?)
Py =hyQ = (174.1 ££)(1.026)(62.4 1b/ft*)(0.50 ft'/s)/550 = 10.13 hp

845 Nyp= vDp _QDp _ Q192p 40p . D= 40p
7 Ap 2D zDu’ TN, 1

4 H
_4(0.90 ft’ /s)(1.24)(1.941b-s° / ft*)

T 2(300)(5.0% 1077 1b-s/ft?)

=0.184 ft

2 1/2-in Type K Copper Tube: D = 0.2029 ft: 4 = 0.03234 f*
3
= _Q_Z_QMZ_ =278 fi/s
A 0.03234 ft

vDp _ (27.8)(0.2029)(1.24)(1.94) _

+ 2728 ft =174.1 1t

No= 272
T 5.0x107
b2 55 Q187 b 1
P1=Pr= Y= ng 2 (124X )272 02029 2(322) f* 144in’
=411 psi
8.46 £l+zl +—L—)12——hL =P, z, +£22— ot latpump Ot-lﬂet " pipe.
v 28 ’. 2g Pt. 2 at reservoir surface. p, = 0,0, =0
2 4.00 ft'/s
_ N p=Q A0S 1
P ’Yw{(zz Zl) 2g + hL} A 0.3472 ft2 °

vD _ (11.52)(0.6651) 0. D _ 06651

Ne= =633 x 10% = =—"""_ =4434: f=0.0155
oy 121x10° e 15x10™ s

3 2

h=f _L__U_.=(0,()155). 2500 (11.52) ft =120.1ft
D2g 0.6651 2(32.2)
2 2

pr= 8240 1o QLD g (| VI jap 1 psi
ft 2(32.2) 144 in

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

105



8.47

8.48

8.49

106

2 2
p°+z +—=+h,= p'+z+__
Y 2g Vo 2g
D= D _ [142.1-(-2.36)]1b

Pt. 0 at pump inlet.
Pt.1at pump outlet.

Assume z, = z,,0, =,

hA:

hy=333.5 ft-1b/lb

v, (62.4 16/ )in*)(1 ft*/144 in?)

3335ft-1b 62416 4.00f°  1hp
O = . : : =151h
0 b f 550 ft.- 1b/s P
2 2
Pay +—l~)—~~h _pB+z +2B ~——Q~=££§~€t—~/—sé—-— 76 ft/s
7, 2g ¥ 2g A 0.5479ft
Pa=ps+Yl(zs — za) + Ay) Assume sg = 0.68
_vDp (7.76)(0.8350)(1.32) _ 6 4 From App.D.
NR = = 3 = x 10
L 7.2x10
D 0.8350
=000 2 5567: £=0.0145
e 15x107 J
2 2
o= LY _00145. 3200  TT6 _ 594
D 2g 0.8350  2(32.2)
P =40.0 psig + 42 410185451, e ft- lﬂ = 80.3 psig
&+z+ +h h—£—2+z+uz Pt. 1 at tank surface. p, = 0,0, = 0
7, 2g 7, 2g Pt. 2 in outlet stream from 3-in pipe. p, = 0
2 T L 3
he=(z—2) + 2 +h, o=300gaVmin 1/s _, coe pa
2g 449 gal/min
il- App.C
04:_Q__0668ft/sz_756ﬂ/ oil- App
4, 0.08840ft
= Q0668 s 1305 ys=y,
4, 005132t
L, v} L, v
h= =2 D, D, 24g
N, =00 (13'02)(0'2157) — 1548 (Laminar): f = % =0.0413
-y 2.15x10 N,
N, =0Ls (5 6)(0'3335) ~ 1180 (Laminar): f; = 2% =0.0543
Ty 2.15x10 N,
2 2
hy=00413. —0_ 3027 60543, 25 (56 554
0.2557 2(32.2) 03355 2(32.2)
2
By=10 ft+ (13'02;) ft+35.5ft =39.1 ft
(62 4 Ib) (0.668 ')  1hp
Pi=hy,0 = (39.1 ££)(0.890 =2.64h
4= hayoQ = ( X ) 550 ft - Ib/s p
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2 2
8.50 —p—‘+zl+l—)‘——~hL =£~2+zz+g~2—: VL= Uy
g

Yo 2g Yo
D1 — D2 = Yol(z2 — 21) + hy]
N = PP =(3‘65)(0'0189i(93°) ~ 1938 (Laminar): f= 2% =0.0330
)7 3.31x10 N,
2 2
Lo 175 G65 _ o076 m

hy= f =2 =(0.0330
t fng ( ) 50189 2(9.81)

1 —p2=9.12 KN/m’[-1.88 m + 20.76 m] = 172 kPa

851 pi=p2=7Ygl(z —21) + ] (From 9.24) o~ 180 Limin-1 m’/s
Ny = vDp _ (0.70 1)(0.073 8)(1258) 60000 L/min

7 0.960 Q0003
64 P74 4282x10°

=0.003m’/s

Ny = 67.8 (Laminar); = N =().944

R

258 (0.701)° _
0.0738 2(9.81)
P —p2=12.34 KN/m’[0.68 m + 8.27 m] = 110 kPa

827m

LV
h= f —-—=(0.944)-
= f D 2g ( )

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

2
o 1 57
S 37re) 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=

8.52  Water at 75°C; v=3.83 x 107" m%/s
. 3
o= _Q_= 12.9L/m1r} ] lm/s_4 1,528 m/s
A 60000 L/min 1.407x10™* 2
vD _ (1.528)(0.0134)
" 3.83x107

D/e=0.0134/1.5 x 107° = 8933; f= 0.0209

Ny = =5.34x10*

8.53  Benzene at 60°C: p = 0.88(1000) = 880 kg/m’; p=3.95 x 107 Pa-s
20 L/mi 3y
p=8-_20bmm__ ImE 719 ms
A 60000 L/min 4.636x10" m
No= vDp _ (0.719)(0.0242(880) —3.89 % 10°
U 3.95x10
D/e =0.0243/4.6 x 107 = 528; = 0.0273
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8.54  Water at 80°F: v=9.15x 107° ft¥/s

D=0.512 ft; 4 =0.2056 ft’
_ Q0 250fts
A 020562
vD _ (12.16)(0.512)

Np =
By 9.15%x10°°
£=0.0191

=12.16 ft/s

=6.80 x 10°: D/e= O'Sli = 1280
4x10

8.55  Water at 50°F: v=1.40 x 107 ft¥/s
xD?

D=18in(1 f/12 in) = 1.50 ft; 4 = =1.767 f£

3
= Q_DONE _g 49 s

A4 1767
1.50

Np= 22BN _g 49, 105 pre= 139~ 3750
v 1.40x10 4x10

f=0.0155

8.56  Water at 60°F: v=121x 107" ft*/s
_Q_1500galmin 1 ft’/s
A 05479f 449 gal/min
N = EQZW =421 x 10% Dlg= —9@—5—; = 5567
1% 1.21x10 1.5x10
£=0.0156

=6.097 ft/s

857 A =nDY4=n(0.025)/4=4.909 x 107 m’

: 3
Q 95 L/min 1 m’/s =323 m/s

v= == X
A 4909ft>x10™* m®> 60000 L/min
Np= vDp _ (3.23)(0.025)1 '_130)(1 000) _ 4.44 x 10*: D/e = Smooth [Large D/e]
7 2.0x10
f=0.0213

8.58  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 m/s
A 1.682%x107m? 60000 L/min
No— 0DP _(1NO1463030) _, o7 o0
P 7.8%10
Die = -—(-)~1—fl—-6-——33 =3180; f=0.0264
46 x 10
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859  Water at 65°C; v=4.39 x 107 m%/s

D =10.0409 m

Np= 22 QOO099) _ g 55 100
1% 4.39x10

Dlg= -9——Qﬂ975— = 889; f=0.0206
4.6%x10

8.60  Propyl alcohol at 25°C; p = 802 kg/m’
=192 % 107 Pa-s
_ 0 0.026m’/s
A4 4282x107° m’
Ny = vDp _ (6.07)(0.0738)(802)
7 1.92x107°
_ (0.0738)
1.5x107°

v =6.07 m/s

=1.87 x 10°

Dle =49200; f=0.0159

8.61  Water at 70°F; v=1.05 x 107 ft’/s

3
A 0.7854 ft
Np= PP - -—-—~——(3'82)(l‘0_(5)) =3.64 x 10°
v 1.05x10
Dig = -———lﬁo—_; =2500; f=0.0175
40x10

8.62  Heavy fuel oil at 77°F; p = 1.76 slugs/ft’

p=224x 107 lb-s/ft’

v=12 ft/s; D = 0.5054 ft

Ny = vDp _ (12.0)(0.5054)(1.76)
Y7, 2.24%107
_0.5054
 1.5x10™

=4.77 x 10°

=3369; f=0.0388

Hazen-Williams Formula

8.63 O=15fYs, L=>5501t D=0.52ft, 4 =0.2056 ft’
R=D/4=0.128 ft, C; = 140

Q 1.852
hy=L — =
’ {1.32AC,,R°‘63}

1.852
B, = 550 1.50 — | =15221¢
(1.32)(0.2056)(140)(0.128)"
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1 m’/s
60000 L/min
4-in type K copper tube; D = 97.97 mm = 0.09797 m, 4 = 7.538 x 107 m’
R=D/4=0.0245m, C, =130

Q 1.852
b= L) ——
’ [O.SSAC,,RO‘“}

0.0167 b
= 45 -3 0.63
0.85(7.538 % 107)(130)(0.0245)"

8.64 O=1000L/min x =0.0167 m’/s; L=45m

h,=2.436 m

8.65 Q=7.501/s; L=5280ft,D=18in=1.50ft, 4 = 1.767 ft’
R =D/4=0.375 ft; C, = 100

1.852
h,= 5280 750 — | =2851ft
(1.32)(1.767)(100)(0.375)"

3
8.66 Q=1500 gal/min x __Lft_/_s____ =3.341 ft’/s; L = 1500 ft
449 gal/min

D =10.02 in = 0.835 ft; 4 = 0.5479 ft’
C,=100; R =D/4=0.2088

1.852
By = 1500 3.341 _
(1.32)(0.5479)(100)(0.2088)"

h;,=31.38 ft

. 1 m’/s 3
8.67 (0=900L/min x —————— =0.015m’/s; L=80m
60000 L/min
D=9797 mm=0.09797 m; A= 7.538 x 107 m?

R=D/4=0.0245m; C, =130

1.852
h,= 80 0'0315 —|  =356m
(0.85)(7.538 x107*)(130)(0.0245)"

8.68 0=0.20 ft3/s; D=2.469in=0.2058 ft; 4 =0.03326 ft?
C,=100; R=D/4=0.0515 ft
v=0/4=6.01 ft/s (OK)

o 0.20
hy= 80 0.63
L (1.32)(0.03326)(100)(0.0515)™

1852
] =835 ft
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8.69

8.70

8.71

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

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

1.852
By = 2500 2.0 — | =6l4ft
(1.32)(0.3472)(100)(0.1663)"

b) Cement lined 8-in ductile iron pipe
D =18.23in=0.686 ft; 4 =0.3694 ft’; C, = 140
R=D/4=0.1715 ft

1.852
By = 2500 2.0 — | =283t
(1.32)(0.3694)(140)(0.1715)"

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

3
0 =300 gal/min x — /% — 0,668 /s
449 gal/min

s =10 /1200 ft = 0.00833 ft/ft

_ | 2.31(0.668)
(130)(0.00833)**

0.380
:i =0.495 ft

6-in Schedule 40 steel pipe; D = 0.5054 ft
Actual 4, for 6-in pipe

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

Q 1.852
hy= L ——
- [1.32,40,,130“}

1.852
B, = 1200 0.668 —|  =9.051t
(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 ft*
R =D/4=0.1264 ft; C, = 100

1.852
by = 1200 0.668 _
1.32(0.2006)(100)(0.1264)"

hy, =14.72 ft

REYNOLDS NUMBER, LAMINAR FLOW, TURBULENT FLOW,
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8.72

112

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

a)

b)

2-in pipe: D =2.067 in=0.1723 ft; 4 = 0.02333 ft’
R=D/4=0.0431ft

1.852
0.2227 ]

B, = 1000 ft —
(1.32)(0.02333)(130)(0.0431)"

h, =186 ft

3-in pipe; D = 3.068 in = 02557 ft; 4= 0.05132 ft’
R=D/4=10.0639 ft

1.852
1 = 1000 0.2227 _
(1.32)(0.05132)(130)(0.0639)"

hy=27.27ft
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CHAPTER NINE

VELOCITY PROFILES FOR CIRCULAR SECTIONS
AND FLOW IN NONCIRCULAR SECTIONS

9.1 Local velocity: U= 2v[1 — (#/r,)*] for laminar flow
2-in Sch 40 steel pipe; D = 2.067 in = 0.1723 ft; r, = D/2 = 1.034 in; 4 = 0.02333 ft?
v=0/4=0.25 ft'/5/0.02333 ft* = 10.72 ft/s
Ng =vDp/n=vD/v=(10.72)(0.1723)/7.31 x 107 = 253 Laminar
See spreadsheet listing for results for U as a function of radius.

9.2 Local velocity: U= 2v[1 — (#/r,)*]; O = 0.50 gal/min = 0.001113 ft'/s
3/4-in Type K copper tube; D = 0.745 in = 0.0621 ft; r, = D/2 = 0.373 in;
A=002333 %,  v=0/4=0.001113 ft*/s/0.003027 ft* = 0.3679 ft/s
N =vDp/n=vD/v=(0.3679)(0.0621)/1.21 x 10~ = 1888 Laminar
See spreadsheet listing for results for U as a function of radius.

Problem 9.1 Problem 9.2
Average velocity 10.72 fi/s Average velocity 0.3679 ft/s
Full radius 1.0338 in Full radius 0.37251in
Radius (in) Velocity, U Radius (in) Velocity, U
0.00 21.44 fi/s 0.00 0.7358 ft/s
0.20 20.64 ft/s 0.05 0.7225 ft/s
0.40 18.23 ft/s 0.10 0.6828 ft/s
0.60 14.22 ft/s 0.15 0.6165 ft/s
0.80 8.60 fi/s 0.20 0.5237 ft/s
1.00 1.38 fi/s 0.25 0.4044 fi/s
1.0338 0.00 ft/s 0.30 0.2585 ft/s

0.35 0.0862 ft/s
0.3725 0.0000 ft/s

9.3  Local velocity: U= 2v[1 - (#/r,)*]; @ = 3.0 L/min = 5.0 x 10> m*/s
4-in Type K copper tube; D =97.97 mm = 0.09797 m; r, = D/2 = 48.99 mm
A=7538x10"m’ v=0/Ad=5.0x10"m’s/7.538 x 107 m* = 6.633 x 10~ m/s
Nz =vDpl/n=vD/v=(6.663 x 10)(0.09797)/4.22 x 107" = 1540 Laminar
See spreadsheet listing for results for U as a function of radius.

9.4 Local velocity: U= 2v[1 — (#/r,)*]; O = 25.0 L/min =4.167 x 10~ m*/s
2-in drawn steel tube; D = 47.50 mm = 0.00475 m; r, = D/2 = 23.75 mm
A=1772x10"m?%  v=0/A=4.167 x 107 m*/s/1.772 x 107 m* = 0.2352 m/s
Nz =vDp/n=vD/v=(0.2352)(0.0475)/7.9 x 10~ = 1258 Laminar
See spreadsheet listing for results for U as a function of radius.

VELOCITY PROFILES FOR CIRCULAR SECTIONS AND FLOW
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9.5

9.6

9.7

114

Problem 9.3

Average velocity  6.63E-03 m/s

Full radius
Radius (in)
0.00

8.00

16.00

24.00

32.00

40.00
48.00
48.99

48.985 mm

Velocity, U
0.01327 m/s
0.01291 m/s
0.01185 m/s
0.01008 m/s
0.00760 m/s
0.00442 m/s
0.00053 m/s
0.00000 m/s

(See Section 9.4) U= Local Velocity

U= 20[1- (/)"

If U = v = average velocity

v= 21)[1 - (r/ro)z:l
%:1 - (r/ra)2

(r/r,)* =0.5

Problem 9.4
Average velocity

Full radius

Radius (mm)

t=10.97 mm

r=+05 r, =0.707 r,= 0.707(73.15 mm)
=51.72 mm
d=(r,—r)+1t=(73.15 - 51.72) + 10.97 = 32.40 mm

If probe is inserted 5.0 mm too far:
r=51.72 mm — 5.0 mm = 46.72 mm
r/r,=46.72/73.15 = 0.6387
U=20[1-(0.6387)°] =1.184 v

If probe is inserted 5.0 mm too little:
r=51.72 mm+ 5.0 mm = 56.72 mm
r/r, = 56.72/73.15 =0.7754
U=20[1 - (0.7754)’] = 0.798 v

0.000
4.00
8.00

12.00

16.00

20.00

23.75

0.2352 m/s
23.75 mm
Velocity, U
0.470 m/s
0.457 m/s
0.417 m/s
0.350 m/s
0.257 m/s
0.137 m/s
0.000 m/s

d= Insertion distance

4 -
HE

L
LT

fo= O2=73.15 mm
8-In Schedule 80 pipe

18.4% high

20.2% low

Center of pipe is D,/2 from outside surface

D, 1683mm
2

With 7= 5.0 mm, 7/, = 5.0/73.15 = 0.06835
U= 20[1-(r/r,)’ | =20[1 - (0.06835)’] = 1.9907 u

If vis expected to be U/2,

U _1.99070v

2

=0.9953 v

0.47% low

= — = 84.15 mmy; at this position, =0, U=20v
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9.8

U=2.48 m/s; d = 60.0 mm (See Prob. 8.27)
d=r,~r+t;r=r,+t—d=73.15+10.97 - 60.0 =24.12 mm
rir,=24.12/73.15=0.3297

U= 20[1—(;’/};)2] =20[1 - (0.3297)’]=1.783 v

e U  248m/s
1.783  1.783
v=2850cs x 1.0 x 10° m%/s/cs = 8.50 x 10™* m%/s

N = vb _ w =239 Laminar OK
1% 8.50x10

=1.39 m/s average velocity

Velocity profile for turbulent flow

9.9

9.10

. 3
o _ 12.9L/riln _x 1m/vs =153 ms
A 1407x107° m® 60000 L/min
N = _@_:Q_S_:Q(O_Olj_[‘) =535 % 10*
v 3.83x10
D 0.0134

DX

&
Upse = 01+ 1437) = 1.53(1 + 14370205 ) = 1.84 mys
SAE 10 oil: sg=0.87; p=0.87(1000) = 870 kg/m’
=220 x 107 Pa-s (App. D) at 40°C
4 -2
_ N (3.60x10°(220x107) _ oo
Dp (1.20)(870)

7(1.20m)*
4

Q=Av= x 0.759 m/s = 0.858 m*/s

O X

Upe =0(1+1.437 ) =0.759(1+1.4340.0222 ) = 0.920 m/s
At other points: U= 0[1 +1.43\7 +2.15{f log, (7, |
U=0.759 m/s| 1+1.4340.0222 + 2.1510.0222 log,, (77, |

U=0.759[1.213+0.320 log,, (y/r, ) | m/s
ro=D/2 = 1200 mm/2 = 600 mm

D 1.20
£

VELOCITY PROFILES FOR CIRCULAR SECTIONS AND FLOW
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9.11

9.12

116

y(mm) yir, U(m/s) 600 Prob 9.4/ /
0 0 0o
10 0.0167 [0.488/0.530 500
20 00333 [0.561/0.592 3 /
30 0.050  [0.604[0.628 ; 400
40 0.0667 [0.634]0.654 a_ //
50 00833 [0.658)0.674 £ o
100 0.1667 |0.7310.735 g > /
300 050  [0.847]0.833 § o0 '
500 0.833  [0.901]0.879 /
600 1.00  [0.920]0.895 100 7
Prob. |Prob. ,/
9.10 [9.11 00 20 40 .80 .80 1.0

Velocity, U (ms)
Oil at 100°C: p=4.2x 10° Pa-s
N, VPP _(0.759)(1.20)(870)
o 420x10°

Unes = 0] 1+1.43,/7 | =0.759[ 1+1.43J0.0158 | = 0.895 m/s
U=0.759[1+1.437/0.0158 +2.1510.0158 log,, (y/7,) |

U=0.759[1.180+0.270 log,, (y/r, ) ]

Results included with Prob. 9.10.
The lower friction factor for the hot oil results in a 3% lower maximum velocity.
But the velocity in the boundary layer (y < 100 mm) is slightly higher.

=1.89 x 10%; f=0.0158

U= u[l +1.43f +2.15f log,, (y/ro)]
Let U= v, divide both sides by v

= 1+1.43f +2.15f log,, (y/r,)
Subtract 1.0 from both sides

0= 143,/f +2.15/F log,, (/)

Divide by \/?
0=1.43+2.15log, (y/r,)

~1.43
IOgm (y/ro) =——2—-1‘5— = -().665

/=10 =0.216 or y=0.216 r,
yr,
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9.13  y=0.216r,=0216(D/2) =0.216(22.626 in/2) = 2.44 in
_ 0 _1675fts

4 27922
~ Aty =2.44 in+0.50 in = 2.94 in; y/r, = 2.94/11.313 = 0.260
A Aty =244 in-0.50 in = 1.94 in; y/r, = 1.94/11.313 =0.172

Ny = E:W:&%st: P—————l—ﬁ—@—— = 12570;
f=0.0137

1.40x10° £ 1.5x10™
Ui = 6.00 fi/s| 1+1.4340.0137 +2.1540.0137 l0g,,(0.260) |
U, = 6.12 ft/s (2.0% higher than v,,)

Uy = 6.00] 1+1.4340.0137 +2.151/0.0137 log,,(0.172)
U, = 5.85 ft/s (2.50% lower than v,z)

=6.00 ft/s aty=2.44in

N~

914 Upa= (141437 ): 0/Upax=1/(1+143f)

Smooth pipes
Np f U/ Upax
4 x10° 0.040 0.778
1 x10* 0.031 0.799
1x10° 0.0175 0.841
1x10° 0.0118 0.866

915 Upna= 0(141.43 ) : 0/Upa = 1/(1+1.43/1 )
Concrete pipe: D =(8/12) ft = 0.667 ft; D/e = 0.667/4 x 10~ = 1670

Ni f U/ Upax
4% 10° 0.041 0.775
1x10* 0.032 0.796
1 x10° 0.021 0.828
1 x10° 0.0185 0.837

. 3
9.16 u=—Q—:4OOgaV‘“§“x HE/s 10,08 fiss
A 0.0884ft° 449 gal/min

Np = Egzw =242 x 10°: 2: 0'3355‘4
v 1.40x10 g 15x%x10

U= 0(1+1.4340.0182 +2.1540.0182 log,, ( y/ro)]

U=10.08[1.193 +0.290log,, (/r, )]
ro=DJ2=4.026 in/2 = 2.013 in

=2237; f=0.0182
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y(in) yir, U(ft/sy U (Prob. 9.17) 20 v /
0 0 0 0 t

15 9.1
0.05 0.025 7.33 5.83 . /
0.10 0.050 8.21 7.19 Ej T
0.15 0.075 8.72 7.98 3 1.0 //
0.20 0.099 9.09 8.55 3
0.50 0.248 10.25 10.35 5 7 |/
1.00 0.497 11.13 11.71 . F Ay

1
1.50 0.745 11.65 12.51 P 4 P 2
2.013  1.000 12.02 13.09 U, Velocity (fs)
9.17 2=L‘3—3§§5 = 67.1; Nz = 2.42 x 10°%; /= 0.0436

£ 5.0x10

U=10.08[ 1+1.43/0.0436 + 2.15v0.0436 log,, (77,

U=10.08[1.299 + 0.449 log,,(¥/r,)] (See results for 9.16)

9.18 Ap=vh,
Prob. 9.16: b= f L v® _(0.0182)(250)(10.08)°
D2g  (0.3355)(2)(32.2)
Ap = (62.4 1b/f)(21.39 ft)(1 ft*/144 in®) = 9.27 psi
_ (0.0436)(250)(10.08)’
(0.3355)(2)(32.2)

Ap =yh, = (62.4)(51.24)/144 = 22.2 psi

=21.39 ft

Prob. 9.17: hy =51.24 ft

9.19 Q= Aws O.= Awy; But v, = v, specified
_Qi !

5

O Ay, 4

A,=8.189 x 107° m’

A4,=3.059 x 107 m? — m(0.0127m)%/4 = 1.792 x 107 m’
O 4 _1792x10" _
O, A4 8.189x10°

Q _ 450L/min y 1 m’/s
A 1.864x107 m?> 60000 L/min

Ouuer = ApLp = (0.0355 m?)(0.402 m/s) = 0.0143 m’/s

920  Uype = = 0.402 m/s

. 60000 L/min
1 m'/s

Ap = (0.40 m)(0.20 m) — 2()(0.1683 m)*/4 = 0.0355 m’

Ouauct = 857 L/min
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921  QOr=Arv=(0.01414 f*)(25 ft/s) = 0.3535 ft’/s
Os = Agv = (0.0799 £*)(25 ft/s) = 1.998 ft'/s

. N2 2
37(1.900in)” T _ 0799 £

As=0.1390 ft* — —
4 144 1n

Noncircular cross sections

922 A= (0.05m)’+ (0.5)(0.05 m)’ — m(0.025 m)*/4 = 3.259 x 10> m’

WP =0.05+0.05+ 0.10 + v.05% +.05* +7m(0.025) = 0.3493 m
_ 4 _3259x10%m’
wp 0.3493m
0 150m® 1hr 1
v= == x x
A hr 3600s 3.259x10°m’
12.5N.s? y 1kg-m/s’
m’9.81m in

=933x10°m

=12.78 m/s

= 1.274 kg/m’

p: _}_/_:
g

LAR)p _ (12.78)(4)(9.33x107)(1.274)

7 0x107 =3.04 x 10*
M 0%

NR=

923 A4 =(12in)(6 in) — 2n(4.0 in)*/4 = 46.87 in’(1 ft*/144 in®) = 0.3255 £’
WP =2(6 in) + 2(12 in) + 21(4.0 in) = 61.13 in(1 ft/12 in) = 5.094 ft

2

R= A 032551t 0.0639 ft

WP 50941t

S

p= @20 dmin, 1 1024

A min 60s 0.3255ft

2

p= 2 -01als  TslE 4 59354 qlugs/te

¢ f°(322f) 1lb-s/ft
Ny = 4R _ (1024)4)0.0639)0.00354) _, 1 1o

U 3.34x107

924 A= (10in)> — n(6.625 in)/4 = 65.53 in’(1 ft*/144 in®) = 0.455 ft*
WP = 4(10 in) + n(6.625 in) = 60.81 in(1 f/12 in) = 5.067 ft
R =A/WP = 0.455 ft*/5.067 ft = 0.0898 ft
,_ @_ 400 ft*/s
A 0.455ft?
VAR  (8.79)(4)(0.0898)

1% 8.29x107°

= 8.79 ft/s

N; = =3.808 x 10°

925 Tube: D=1021 mm=0.01021 m; 4= 8.189 x 10° m’

-5 3
0 =475 gal/min x 20210 _ 3650, 104 ms
1 gal/min
—4 3
b= _Q_=3.00><10 ‘Sm /Zs = 3.66 m/s
A 8.189x107 m
vD  (3.66)(0.01021)
Np= L= A 22

v 3.04x107

=1.23 x 10°
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Shell: A4 =3.059 x 10 m® - n(0.0127 m)*/4 = 1792 x 10* m®
WP = 1(0.01974 m) + n(0.0127 m) = 0.1019 m
R=A/WP=0.00176 m=1.76 x 10° m

—5 3
0 =30.0 gal/min x $202>X10 M5
1 gal/min
O 1.89x10° m’/s
U L e .
4 1.792x107 m?

v, = DER)p) _ (10.56)(4)(1.76 % 107)(1100)

= =

=1.89 x 10> m’/s

=10.56 m/s

=5.049 x 10° =5049 Turbulent

P 1.62x10°2
. 3
926 Pipe: 0= POLMINXIMTS _ 4 66750 s
60000 L/min

v===—oun———— =0.402 m/s

1.864x107% m*
vD _ (0.402)(0.1541)
v

Q _ 0.00750 m’/s
A

N, =

R

= g =6.08x10°
. X

[ Water at 20°C

Duct: Benzene at 70°C: p = sg(p,,) = 0.862(1000) = 862 kg/m’
1=3.5x 10" Pa-s (App. D)
A = (0.40 m)(0.20 m) — 2(n)(0.1683 m)*/4 = 0.0355 m’
WP = 2(0.40) + 2(0.20) + 2(n)(0.1683) = 2.257 m

2
R= _/_1_=99§_5_§_n1_ =0.0157 m
wpP  2257m
4 -4
Ny PERND) | Nppr(608x10)B.5x10%) _ oo
1 4Rp  4(0.0157)(862)

0 = Av=(0.0355 m*)(0.392 m/s) = 1.39 x 10> m*/s

vD _(25)(0.1342)

9.27 Inside Pipes: N, =
pes: 335x10°°

=1.00 x 10°

Shell: 4 =0.1390 ft* — 3(n)(0.1583 ft)/4 = 0.0799 ft*
D, =1.900 in(1 ft/12 in) = 0.1583 ft = Outside dia. of 1 —;— 1 in pipe.

WP = 1(0.4206 ft) + 3(0.1583 ft) =2.813 ft
_ 400799t
wP 238131t
v(4R) (25)(4)(0.0284)
NR = = 3
v 1.21x10

=0.0284 ft

=2.35x 10°
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. 1m’/s 3
928 Q=850 L/min x ——————— =0.01417 m’/s
60000 L/min

A= Agen = 3Aypep, = 1.945 x 10° m’* — 31(0.0127 m)*/4 = 1.565 x 107 m’
WP = 1(0.04976 m) + 37(0.0127 m) = 0.2760 m

-3 2
R= A 100 M 560107 m

wP 0.2760 m

3
_0_ 001417’ oo

A 1.565x107 m®
V4R _ (9.05)(4)(5.670 % 107)

- 5
y 1.30x10° ~1.58x10

NR=

929  A=(0.25 in)(1.75 in) + 4(0.25 in)(0.50 in) = 0.9375 in’(1 /144 in®) = 0.00651 ft*
WP = (1.75 in) + 7(0.25 in) + 2(0.75 in) + 6(0.50 in)
WP = 8.00 in(1 /12 in) = 0.667 ft
R=A/WP=0.00651 f*/0.667 ft =9.77 x 107 ft
VARp  N.u  (1500)(3.38x10™)
4 4Rp 4(9.77x107)2.13)
0O =Av=(0.00651 ft*)(6.09 ft/s) = 3.97 x 107 ft’/s

NR= =6.09 fi/s

9.30  Air flows in cross-hatched area. 12, — 18
A = [4(5.30) + 2(5.65)](50) = 1625 mm’ _,j 4‘— M , 12/"_
WP = 12(50) + 4(5.65) + 8(5.30) = 665 mm A1 1A A1 9| % 4
: wenen
_ 4 _1625mm’® _ A\ glalgl gl g
R — =2444mm A A .9 U, 9 9
WP 665mm é'é'?'g'é'gw
%2
_50m® 1 10°mm® 1h e 5.30 5.85
h 1625 mm2 I‘l’l2 3600 S Dimensions in mm
v=28.55m/s
Ny = v(4R)(p) _ (8.55)(4)(0.0024_1:1)(1.15) ~ 5.0 x 10°
Y7, 1.63x10

931  A=(0.45)(0.30) + n(0.30)*/4 — 2(0.15)* = 0.1607 m’
WP = 2(0.45) + 1(0.30) + 8(0.15) =3.042 m
R=A4/WP=0.1607 m*/3.042 m = 0.0528 m
v=0/4=0.10 m*/s/0.1607 m* = 0.622 m/s

_V(AR)p _ (0.622)(4)(0.0528)(1260) _ .,

Y7, 0.30

|__ (App. D)

N
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9.32

9.33

9.34

122

A4 = (0.14446)* = 0.02087 m’

277
WP = 4(0.14446) = 0.5778 m P
2

R= 4 _0038TM _ 0361 m I 3

wpP  0.5778m 144.48
M= V(4R) _ (35.9)(4)(0.97361) 161 x 107 !

% 3.22x10 180 |

Q 0.75m%s
v=E=—"""t =359m/s

A 0.02087m

2

A =(0.75)(0.75) + _7{_(}_-5;59)‘_ = 1.446 in*(1 /144 in*) = 0.01004 ft*

WP =0.75 +2.25 + n(1.50)/2 = 5.356 in(1 ft/12 in) = 0.4463 ft
R=A/WP = 0.01004 £t*/0.4463 ft = 0.02250 ft

Q_780gaVmin 1 ft*/s
A 0.01004ft> 449 gal/min
V(4R) _ (17.30)(4)(0.02250)
v 140x107

=17.30 ft/s

U:

Ne= =1.112 x 10°

e (2(7:)(80.50)2 +2(0.50)(. 50)4_[7:(0;175)2 _ 7[(0.25)2:1

4

A =1.089 in’(1 ft*/144 in®) = 0.00756 ft*
WP = 1(0.50) + 4(0.50) + <~ )(.25)(2) + DO.75)2)

4
WP = 5.142 in(1 ft/12 in) = 0.428 ft
R = A/WP = 0.00756 £t/0.428 ft = 0.0177 ft

o= Ny _(1.5x% 10°)(1.40x107%)
4R 4(0.0177)
0= Av = (0.00756 ft*)(29.66 ft/s) = 0.224 ft'/s

=29.66 ft/s (High)
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sin 45°

935 4=150-—""—-=1.098in
s'm 105 By Law of Sines
sin 30° .
b=1.50~ =0.77651in
sin 105°
PART A WP 100
1 02209in° 1.178in ; adl
2 0.0552 0.2945 /@ _—
:
3 0.0736 0.3927 a =1.008
4 0.0920 0.4909 \
225
5 05625 1.500 1.50 15 |3 \
6 2250 2.000 @
7 04118 0 m-. @)
. ® e |
8 04118 1.0981 =a R
9 02912 0.7765 = b @ b=0.77:5
A= 43690in* 7.7307 = WP 45°

R=A/WP=0.5651 in(1 ft/12 in) = 0.04710 ft
4 —6
_ Nast | (26x10)(6.60x10°) _ o o
4Rp  (4)(0.0471)(1.53)
1.2
0=y @369in ?(?.525 fi/s)
(144 in¥/ft?)

=0.0181 ft*/s

936 A = (2)8) = 16 mm*(1 m*10° mm?) = 1.60 x 10° m?
WP = 2(8) + 2(2) = 20 mm = 0.020 m
_ 4 =1.6O><10'5 m’
WP 0.020m
Q = Av = (1.60 x 10° m?)(25.0 m/s) = 4.00 x 10* m%/s each
0., = (4.00 x 10° m¥/s)6 = 2.40 x 10° m%/s
D(4R)(p) _ (25)(4)(8.00 x107)(1.20)
u 1.50x10°°

= 8.00x 10*m

N = = 6.40 x 10°

9.37  From Prob. 9.24, R = 0.0898 ft; N; = 3.808 x 10°; v = 8.79 ft/s; Water at 90°F
4 R 4(0.0898)

e 85x107

b= f LV’ _ (0.0165)(30)(8.79)"

t 4 R 2g (4)0.0898)(2)(32.2)

= 4226; then f = 0.0165

= 1.65 ft

Ap = v, = (62.1 Ib/f)(1.65 fi)(1 ft¥/144 in®) = 0.713 psi
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9.38  Some data from Prob. 9.25 and Fig. 9.10.
Tube: Water at 95°C; y = 9.44 kN/m?: N, = 1.23 x 10°

D_00102) _ e~ 0050
& 4.6x10
2
f~L— v (0.030)(5.25)(3.66) ~ 10.53m

D2g  (0.01021)(2)(9.81)
Ap = v,y = (9.44 kN/m®)(10.53 m) = 99.4 kPa
Shell: Ethylene glycol at 25°C; y = 10.79 kN/m>:
v=10.56 m/s: R=1.76 x 107; N = 5049 = 5.049 x 10’
4R/e= (4)(1.76 x 107> m)/(4.6 x 10~ m) = 153; Then /= 0.044

2
By = f~L~——V—-—O.O44 525 10.56° _ 146 5m

4R 2g 4(0.00176) 2(9.81)

Ap = yh;, = (10.79 KN/m>)(186.5 m) = 2018 kN/m’ = 2018 kPa [Very high]

9.39  Some data from Prob. 9.26 and Fig. 9.11.
Each Pipe: Water at 20°C; y = 9.79 kN/m®; Nz = 6.08 x 10*
D M_—); = 3350; then = 0.021
g 4.6x10
b= f L _Li _ (0.021)(3.80)(0.402)*
D2g (0.1541)(2)(9.81)

Ap = v,h, = (9.79 kKN/m’)(0.00427 m) = 0.00418 kPa = 41.8 Pa
Duct: Benzene at 70°C; y5 = (0.862)(9.81 kN/m’) = 8.46 kN/m’

Nz=6.08 x 104 R=0.0157 m 4R (4)(0015_57) 1365
g 4.6x10

(L 0*_(0.023)(3.80)(0.392)°
4R 2g (4)(0.0157)(2)(9.81)
Ap = ysh; = (8.46 KN/m*)(0.0109 m) = 0.0920 kPa = 92.0 Pa

=0.00427 m

=0.0109 m

£=0.023; b= f

940 Some data from Prob. 9.27 and Fig. 9.12.
Each Pipe: Water at 200°F; vy,, = 60.1 b/ft; Ny = 1.00 x 10°
b =—Q'1—§i%7 =§95: then f=0.021
e 1.5x10
b= f L 0® _ (0.021)(50)(25)°
D2g (0.1342)(2)(32.2)
Ap = y,h, = (60.1 1b/)(75.9 ft)(1 ft*/144 in®) = 31.7 psi
Shell: Water at 60°F; y = 62.4 Ib/ft’; Ny = 2.35 x 10°; R=0.0284 ft
4R (4)(0'0224) = 758; then /= 0.0225
g 1.5%x10
h= f L 0°_ (0.0225)(50)(25)°
4 R 2g (4)(0.0284)(2)(32.2)
Ap = y,h, = (62.4 To/f)(96.1 ft)(1 f*/144 in®) = 41.6 psi

=759 ft

=06.1ft
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9.41  Data from Prob. 9.28 and Fig. 9.15. Copper tubes.
Water at 10°C; v,, = 9.81 kN/m®; Nz = 1.58 x 10°: R=15.670 x 10° m
4R _(4)(5.670x107)
e 1.5x10°
b=/ L0 (0.017)3.60)9.05°  _
4 R 2g (4)(5.670x10°)(2)(9.81)
Ap = v,h = (9.81 KN/m’)(11.26 m) = 111 kPa

=15120: f=0.017

9.42  Data from Prob. 9.29 and Fig. 9.16. Nz = 1500 Laminar

=0 O 0427 R=97Tx 107 f L= 10 — 4754
N, 1500 12in/ft
2 2
b= b U QURDATIE09 )0

4R 2g (4)9.77x107)(2)(32.2)

Ethylene glycol at 77°F - y = 68.47 Ib/ft’
Ap = yh, = (68.47 1b/ft’)(2.99 ft)(1 ft*/144 in®) = 1.42 psi

943  Data from Prob. 9.31 and Fig. 9.18. Ny =552 Laminar

=88 116 R=00528m
N, 552
2 2
b p bV _OUOEOO6D o

4R 2g  (4)(0.0528)(2)(9.81)
Ap = yohi = (1.26)(9.81 KN/m*)(0.244 m) = 3.02 kPa

9.44  Data from Prob. 9.32: R =0.0361 m: Nz = 1.61 x 10’

4 R (4)0.0361)
= =96267: f=0.008 approx.
e 1.5x107° 4 PPIoX

2 2
b= f LV _(0.008)(226)35.9)° _ o,
4 R 2g (4)(0.0361)(2)(9.81)
Ap = yh, = (9.47 KN/m’)(82.2 m) = 779 kPa
L Water at 90°C

9.45  Data from Prob. 9.33 and Fig. 9.19. Nz=1.112 x 10°

R =0.0225 ft: 4R = (4)(0'022_55) =3600: /=0.019
& 2.5%x10

L= (105 in)(1 ft/12 in) = 8.75 ft

b= f L v _(0.019)@8.75)(17.30 _
4 R 2g (4)(0.0225)(2)(32.2)

Ap = yh;, = (62.4 1b/f°)(8.58 ft)(1 ft*/144 in®) = 3.72 psi

8.58 ft
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9.46 Data from Prob. 9.34 and Fig. 9.20. Ny=1.5 x 10°: R=0.0177 ft; v=29.66 ft/s

4R (4)0.0177)
= =472: £=0.025 Steel
e 15x10™ 4 [Steel]

L=(45in)(1 f/12 in) = 3.75 ft

b= f L v (0.025)3.75)(29-66)° _
4R 2g  (4)0.0177)(2)(32.2)

Ap =vh; = (62.4 1b/f7)(18.1 ft)(1 ft*/144 in*) = 7.84 psi

18.1 ft

947  A4=(2.25)1.50) - 7(n(0.375)*/4) = 2.602 in*(1 ft*/144 in®) = 0.01807 f*
WP = 2(2.25) + 2(1.50) + 7(m)(0.375) = 15.75 in(1 f/12 in) = 1.312 ft
A 0.01807 ft?

R= =217 001381
WP 1312ft
-4
L=128 in(1 12 in) =10.67 f 28 = HOOBH) 509
£ 5x10
2 2
h= 2 0.0325) 087 @305 _ 04
4R 2g 4(0.0138) 2(32.2)
0 = Av=(0.01807 f1*)(23.05 ft/s) = 0.417 ft'/s x -———-—‘4491 iglfmm = 187 gal/min
S

9.48  A=(0.100 m)* —4(0.02)(0.03)m* =0.0076 m’ } 2o _00119m
WP =4(0.10) + 8(0.03)=0.64m wp
_Q_3000L/min _ lm's
A 0.0076m> ~ 60000 L/min
v(4 R)p _(6.58)(4)(0.0119)(789)
u 5.60x10™
L v _(0.0135)(225)658) _ . ..
4R 2g  4(0.0119)(2)(9.81)

v =6.58 m/s

Np= =4.40 x 10%; f=0.0135

hy=f

9.49 A4 =(28)(14) - 3[(8)(2) + n(2)*/4] = 334.6 in’(1 ft*/144 in®) = 2.32 ft*
WP = 2(28) + 2(14) + 3[2(8) + n(2)] = 150.8 in(1 ft/12 in) = 12.57 ft
R=A/WP=0.1848 ft

v(4 R)p _ (20)(4)(0.1848)(2.06x107)

p PRV =17.36 x 10*

NR:

9.50 Each Tube: Ethyl Alcohol at 0°F; assume p = 1.53 slugs/ft’
=5 x 107 lb-s/ft* (App. D); Ng = vDp

Ny (3.5x10%)(5.0x107)
Dp (0.044)(1.53)
D =13.4mm(1.0 in/25.4 mm) = 0.5276 in x 1 f/12 in = 0.044 ft

=26.02 ft/s

U:
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951

9.52

Q=Av= x 26.02 ft = 0.0395 ft’/s

Total Flow for 3 Tubes: Qr = 3(0.0395) = 0.118 ft’/s
L _li _(0.0232)(10.5)(26.02)° _

7(0.044 ft)?
4

hy=f 58.2 ft
D 2g (0.044)(2)(32.2)
D 0.044
= = 8793; f=0.0232
£ 5x107¢ /

Ap = vh, = (49.01 Ib/ft*)(58.2 ft)(1 f*/144 in®) = 19.8 psi
Shell: Methyl Alcohol at 77°F (App. B)
A = (2.00)(1.00) + 7(1.00)*/4 - 31(0.625)*/4 = 1.865 in*(1 ft*/144 in’)
A=0.01295 ft*
WP = 2(2.0) + n(1.0) + 371(0.625) = 13.03 in(1 ft/12 in) = 1.086 ft
R=A/WP=0.0119 ft
_ Npu  (3.5x10%)(1.17x107°)
4 Rp 4(0.0119)(1.53)

O =Av=(0.01295 f*)(5.61 ft/s) = 0.0727 ft'/s
4 R_40.01 Lg) = 9540; f=0.0232
g 5%x10
b= f L v® _(0.0232)(10.5)(5.6)° _
4 R2g  4(0.0119)(2)(32.2)
Ap = vh, = (49.1 Ib/ft’) x 2.50 ft x (1 ft*/144 in’) = 0.851 psi

=561 ft/s

2.50 ft

Given: Water at 40°F; Nx = 3.5 x 10%; Figure 9.27; Section is semicircular.
Find: Volume fiow rate of water.

Nz = v(4R)/v; Then, v = Ny v/A(4R) = Average velocity of flow

v = 1.67 7107° ft*/s = Kinematic viscosity

A=(1431x 107 f)/2="7.155x 107 f*

ID = 0.1350 ft; WP = ID + a(ID)/2 = ID(1 + 7/2) = 0.347 ft

R = A/WP = (7.155 x 107 ft)/(0.347 ft) = 0.0206 ft

Then, v = Npv/(4R) = (3.5 x 10%)(1.67 x 107°)/(4)(0.0206) = 7.09 ft/s

O = Av = (7.155 x 107 £t*)(7.09 ft/s) = 0.0507 ft'/s = Q

Energy Loss for 92 in (7.667 ft) of drawn steel: &, = fAL/4R)(v/2g)
4R/ = 4(0.0206 f1)/(5.0 x 107° ft) = 16 480 Then = 0.023
By, = (0.023) [7.667/(4)(0.0206)][(7.09)%/(2)(32.2)] = 1.67 ft

Given: Figure 9.28. Three semicircular sections. Velocity = v = 15 ft/s in each.

Ethylene glycol at 77°F; p = 2.13 slugs/ft’; 1z = 3.38 x 107* 1b s/ft*(App. B)
Find: Reynolds number in each passage. Ny = v(4R)p/ i

Top channel: 2-in Type K .copper tube (Half). ID = 0.1632 ft; 4o, = 2.093 x 107 ff*

A= A/2 = (2.093 x 107 ft*)/2 = 1.0465 x 107 ft?
WP = ID + a(ID)/2 = ID(I + m/2) = 0.4196 ft
R = A/WP = (1.0465 x 107 £*)/(0.4196 ft) = 0.0249 ft

Ny = v(4R)pl p= (15)(4)(0.0249)(2.13)/(3.38 x 107) =9.43 x 10> =9430 = Ny Turbulent

VELOCITY PROFILES FOR CIRCULAR SECTIONS AND FLOW
IN NONCIRCULAR SECTIONS
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9.53

128

Both Side Channels: 1':-in Type K copper tube (Half). ID = 0.1234 ft; 4., = 1.196 x 107 f*
A= A/2 =(1.196 x 107 ft)/2=5.98 x 107 f*

WP = ID + a(ID)/2 = ID(1 + #/2) = 03172 ft

R = A/WP = (5.98 x 107 ft%)/(0.3172 ft) = 0.01885 ft

Ni = v(4R)pl 11 = (15)(4)(0.01885)(2.13)/(3.38 x 107*) = 7.127 x 10° = 7127 = Ng Turbulent

Energy Loss for 54 in (4.50 ft) of drawn copper: k; = f{IL/4R)(v/2g)

Top: 4R/&=4(0.0249 £t)/(5.0 x 107 ft) = 19 920 Then f = 0.0315

hy = (0.0315)[4.50/(4)(0.0249)][(15.0)*/(2)(32.2)] = 4.97 ft

Each side: R/e=4(0.01885 f)/(5.0 x 107° ft) = 15 080 Then f = 0.0340

hy = (0.0340)[4.50/(4)(0.01885)][(15.0)/(2)(32.2)] = 7.09 ft (each of two sides)
Total loss for all three channels: A7 = 4.97 +2(7.09) = 19.15 ft

Given: Figure 9.29. Rectangular channel with three fins. Q = 225 L/min
Brine (20% NaCl), sg =1.10 at 0°C; p = 1.10(1000 kg/m’) = 1100 kg/m’

1 =2.5x""Ns/m’ (App.D)

Find: Reynolds number for the flow. Ny = w(4R) p/u

A = (20)(50) - 3(5)(10) = (850 mm’ [(1 m?)/(10°> mm)’}= 8.5 x 10™* m’

WP = 2(20) + 2(50) + 6(10) = 200 mm

R = A/WP = (850 mm®)/(200 mm) = (4.25 mm)(1 m*/1000 mm) = 0.00425 m
v = Q/A = (0.00375 m*/s)/(8.5 x 107 m®) =4.41 m/s

Nz = v(4R) plps = (4.41)(4)(0.00425)(1100)/(2.5 x 107°) =3.30 x 10 =N, Turbulent
Energy Loss for 1.80 m of commercial steel: &, = AL/AR)(v*/2g)

4R/g = 4(0.00425 m)/(4.6 x 10~ ) =370 Then = 0.030

Ry = (0.030)[1.80/(4)(0.00425)][(4.41)*/(2)(9.81)] =3.149 m

Chapter 9



CHAPTER TEN

MINOR LOSSES

10.1

10.2

10.3

10.5

10.6

10.7

D,/D; = 100/50 = 2.00; K = 0.52 (Table 10.1)
hy =Ko} /2g =0.52(3.0 m/s)*/(2)(9.81m/s”) = 0.239 m

-3
o= L3010 mls ff/ =647 s 2 L5045 5
4, 4.636x10 D, 243 mm
2 2
K=0.73 (Table 10.1): h, =k 2203647 1 56m
2¢ 2(9.8))
py= Lo QA0S _ o gy D O8O0 | 5 ko 0.73 (Table 10.1)
A 0.00499 ft’ D, 0.07975ft
2
. :(0.73)(20.0f§/s) 455 £
2¢  2(3221UsY)
2 2
P Oy P, (0D 80 40 0.8 (Table 10.1)
¥ 2g 4 2¢ D 20
2,2
pri—D2= }/[02 O +hL}assumez,=zz
2g

hy = Kv2/2g = (0.78)(4.0 fi/s)*/2(32.2 ft/s*) = 0.194 ft
2
=0 2| =40ys (2 0) = 0.444 ft/s
D, 6.0

62.41b| 0..444> —4.07
it 2(32.2)

1ft?
41in

=-0.0224 psi

pPi—p2= +0. l94i'ftx1

2

=3.0; K = 0.16 (Table 10.2) for 6= 15°

b[b

1

hy=Ku?/2g =0.16(4.0)*/2(32.2) = 0.0398 ft

2 2
Pr—pr= 62.4 0.44% -4.00 11t?
2(32.2) 4in

=—0.0891 psi

2

+0. 0398:lft

Dy _75 30, k=031 (Table 10.2) for 0= 20°
D, 25

hy=Ku?/2g =0.31(3.00 m/s)*/2(9.81 m/s*) = 0.142 m

K=0.71; by, = 0.71(3.00)*/2(9.81) = 0.326 m
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: 3
108 o = Qo _ 85gatl/m1n2 « 1ft'/s o811 fs: 1_92“:0‘5054=2.93
4, 0.02333ft 449 gal/min D, 0.1723

h,=Kv/2g =K(8.11)*/2(32.2) = K(1.022 ft)

0 2° 10° 15° 20° 30° 40° 60°
K 003 008 0.16 031 048 0.59 0.71
hy, 0.031 0.082 0.164 0317 0491 0.603 0.726 ft

10.9  Graph shown after Problem 10.11.

10.10 and 10.11

Sm(ﬁjzw L (D2- 0y )2
2 L |
I
A
1= D -D)/2 D, H0.17231 \a D, =0.5054
sin(@/2) i'.ﬂdk____j
I= (0.5054-0.1723)/2 0.1666 ft -
sin(6/2) sin(8/2)

Prob.10.10  Prob.10.8 Prob. 10.11

0 o2 sin(6/2) L(ft) th (ft) hlw () thx., (ft)
2° 1°  0.01745 9.54 0.0414 0.031 0.0724
10° 5° 0.08716  1.910 0.0083 0.082 0.0903
15° 7.5°  0.1305 1.276 0.0055 0.164 0.1695
20° 10° 0.1736 0.959 0.0042 0.317 0.3212
30° 15° 0.2588 0.643 0.0028 0.491 0.4938
40° 20° 0.342 0.487 0.0021 0.603 0.6051
60° 30° 0.500 0.333 0.0014 0.726 0.7274

b= f L v® _ (0.0215)(L)(2.099)°
b7 D2g  (0.3389)(2)(32.2)
D= (D, +D,)/2 (0.5054+0.1723)/2 = 0.3389 ft
A= 7D*/4=m(0.3389)*/4 =0.0902 f{’
. 3
b= Q _ 85gal/min N 1ft°/s

= 0.00434(L)

> — =2.099 fi/s
A4 0.0902ft° 449 gal/min
N = Q:W:S.SSXIO“: _122_0_'3_3_%9?4_ =2259: f=0.0215
1% 1.21x10 g 1.5x10
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>
6 1 |
T
Energy Loss, /ﬁﬁmb. 10.8
(to Prob.1p.11] |/
2 //
0 ~ Min{mum loss oqcury at 1 0 = 7°
0° 10° 20° 30° 40° 50° 60°
Cone Angle
10.12 Ideal diffuser - No energy loss
2 2
&-*‘Zl +£—‘——hL =£1+22 + 22 hy=0,zy=2,
4 2g 7 2
2,02 2 2
Pr=pit y U =Y | _ 500 kPa + 9.793kN 498" -0.584 m| =512.2 kPa
m 2(9.81)
12.2 kPa Recovery
. 3
o = o _ 150L/m1134>< 1 m’/s _ —4.98 m/s
4, 5.017x10™ 60000 L/min
D= L. 152 =0.584 m/s
A, (4.282x107)(60000)
. 4.98° 0,584 503.7 kPa
10.13 py=p + 7[”' — % —14 = 500 + 9.79{'—5}'5—-“0.873} = 3.7 kPa recov.
) 30% of ideal
2 2
=k 06982 _0g73m
2g 2(9.8D

D,/D, =738 mm/253mm = 2.92; K = 0.69

10.14 Same analysis as 10.13
a. 0=60°K=0.71; h; =0.899 m; p, = 503.6 kPa; 29% of ideal
b.  8=130° K=0.48; h; = 0.607 m; p, = 506.4 kPa; 53% of ideal
c. 6=10°K=0.08; 4, =0.101 m; p, = 511.2 kPa; 92% of ideal

10.15 Exitloss: & =1.0 0?/2g =1.0(2.146)%/2(9.81) = 0.235 m
0 0.04m’/s

p=E=——"""2 _ =2146m/s
A 1.864x107m
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10.16

10.17

10.18

10.19

10.20

10.21

10.22

132

Exit loss: 7, = 1.0 v*/2g =1.0(7.48)%/2(32.2) = 0.868 ft

3

T4 02006 ft2

Sudden contraction: i, = Kv}/2g

2 2
V= Uy 4 v, D =4.00 ft/s(i'gj = 16.00 ft/s
4, D, 2.0

2

For D,/D;2 = 2.0, K = 0.34 (Table 10.3)
By = (0.34)(16.0 ft/s)?/2(32.2 ft/s?) = 1.35 ft

2

vl —-v
!’2=1’1+7’[1 2"hL
2g

11t
144 in®

= 80 psig + (0.87)[

62.4 lb} 4.00% -16.00°
ft? 2(32.2)

—1.35]ftx

p>= 80 psig — 1.91 psi = 78.09 psig
See Probs. 10.12, 10.13 for analysis.

False: K decreases, but i, =K (1)22 /2 g)

The velocity head increases faster than K decreases.
Examples: v, =1.2 m/s; K=0.44; h; =0.0323 m
0, =6.0m/s; K=0.39; 2, =0.716 m
v, =120m/s; K=0.33; h,=2.42m

Sudden contraction: 4, =K (022 / Zg)

D _1223mm _ o
D, 493mm
_ Q@ _ 500L/min 1m’/s

% — =4.37 m/s; K = 0.38 (Table 10.3)
4, 1.905x10” m~ 60000 L/min

By = (0.38)(4.37)>/2(9.81) =0.371 m

Gradual contraction: From Prob. 10.20: v, =4.37 m/s; —g‘- =248

2

K=0.23; b, = (0.23)(4.37)?/2(9.81) = 0.224 m (Fig. 10.10) 0= 105°

Sudden contraction: D,/D,=0.3188{t/0.125ft =2.55
_ Q@ _ 250 gal/min L1 ft’/s

4, 0.01227ft> 449 gal/min

h,=Kv}/2g =(0.31)(45.38)*/2(32.2) =9.91 ft

=45.38 fi/s; K= 0.31 (Table 10.3)
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10.23 Gradual contraction: Data from Prob. 10.22: K=0.135 (Fig. 10.10) 8 =76°
hy = (0.135)(45.38)%/2(32.2) =4.32 ft

10.24 Gradual contraction: Data from Prob. 10.22: D,/D, = 2.55
hy= K02 /2g = K(45.38)*/2(32.2) = K(31.98 ft)

0 K By, (1) 12

150° 0.36 11.51

120° 0.28 8.95 10 //
105° 0.23 7.35 g4 W

90° 0.19 6.08 S

76° 0.135 432 3°
50-60° 0.075 2.40 34 4
15-40°  0.045 1.44 : 2 N //

10° 0.048 1.53 “"r

5 0.084 2.69 %0375 10 1540506078 90 105 120 10

3° 0.109 3.49 Cone Angle (Degrees)

10.25 Sketches of selected contractions:

8 =90° 8 =120° 0 = 180° - sudden

MINOR LOSSES
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10.27 Gradual contraction, 8 = 120°
D, =6.14 in, D, = 3.32 in Ductile iron pipe
D\/D,=1.85; K=0.255

. 3
__SOgalmin _ 1ft'/s oo/ q/

Q
4, 1.907x107 ft* 449 gal/min

2 2
2g 2(32.21t/s%)

1028 ou=

Uy _ e BOmisy’

10.29 Entrance loss: A, = K - = K(0.459 m)
2g 2(9.81m/s*)
a. K=1.0;k,=0.459 m b. K=0.50; 7, =0.229 m
c. K=025h=0115m d. K=0.04; h,=0.018 m

10.30 10 in Sch. 40 pipe: D=0.2545m
Globe valve: L./D =340
L,=(L/D) x D =340(0.2545 m) = 86.53 m

10.31 Gate valve, fully open: L/D =38
L,=(LJ/D) x D = 8(0.2545 m) = 2.04 m

10.32  Ball-type check valve:
Let K = fr(L./D) = f{150) = 0.019(150) = 2.85
For 2-in Schedule 40 pipe, fr=0.019 (Table 10.5)

L 62.41b (10.4)* (/)1 £7) _ ,
1033 Ap 7hL~ylifTD2g} (0.90)( ~ }{(0.016)(150)2(322)J 158 psi

: 3
b= _Q_=650gal/mm>< 1t° /s

Angle - — =10.4 ft/s
valve 4 0.13901t 449 gal/min
fr=10.016 (Table 10.5)
. 3 2 2
1034 p= Qo P0Lmin _ 1m2 __ous s OG0 e
A 3.09x10” m® 60000 L/min 2g  2(9.8D)
Elbow fr=0.018 (Table 10.5)
L v .
Ap = yh, = }/[ £ —ﬂi’—} =2 813kN [0.018(30)(0.834 m)] = 4.42 kPa

D2g m

10.35 Street elbow: L./D =50 (See Prob. 10.34)
Ap= yh, =(9.81)[(0.018)(50)(0.834)] = 7.36 kPa

10.36 Long radius elbow: L/D =20 (See Prob. 10.34, 10.35)

Ap = yh, =9.81[(0.018)(20)(0.834)] = 2.95 kPa Lowest
Ap is proportional to L./D.
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10.37 Pt. 1 atinlet; Pt. 2 at outlet

2 2
U]

Y,

Bz i, “%,,ﬁﬁz'ﬁﬁi-é: Ly = Uy; assume z, =z,

% 2g Pire Y4
Pr—pP2= Yy (hL,,ipc + hLbe.,d )

Close return bend: L./D =50, fr=0.027 (Table 10.5)
_Q_125gaVmin 1 ft’/s

. _ =13.19 fi/s
A 0.00211ft° 449 gal/min
Ny PPP_(31DQ0SIORIY o i
y7 3.38x10
Dle=0.0518/1.5 x 10™ = 345: £=0.041
2 2
=k 000750083 o365
w T D g 2(32.2)
2 2
h, :fr£2—:(0.041)[ 8.00 }(13'19) —17.12 ft
we T D 0g 0.0518 | 2(32.2)

p1— 2= (68.47)[17.12 + 3.65]/144 = 9.87 psi

10.38 3/4-in Steel tube, 0.065 in wall thickness
D=0.620 in = 0.05167 ft; 4 =2.097 x 107 ft’
o @ (12.5/449) ft’/s
A 2.097x107 2
vDp  (13.28)(0.05167)(2.13)

=13.28 ft/s

N = -~ =432 x10°
U 3.38x10
- o167 161 =344; f=0.041
(1.5x10™)

Use fr=0.027 because D/e is the same as for the 1/2-in steel pipe in Problem 10.37.

90° Bend: r=R,— D,/2=3.501in - 2.00/2=2.501in
v/D =2.50 in/0.620 in = 4.03
Use L./D = 14 from Fig. 10.23

L v 28)*
noo=2729 _ oy0.02714) B2 2207 # 2 Bends)
D 2g 2(32.2)
L v . 28)?
h, :f-—-u—=(0.041)[ 8.50 }(1328) = 18.46 ft
w7’ Dog 0.05167 | 2(32.2)

See Problem 10.37:
pr-pa= [k, *h,_, | =(68.47) [18.46 +2.07)/144

p1— p2=9.76 psi (Virtually equal to Prob. 10.37)

MINOR LOSSES
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10.39

10.40

10.41

10.42

136

3
v= Q. —Qég—fi/iz =7.79 ft/s: Tee-flow through run: L =20
4 0.051321t D

£,=0.018 (Table 10.5)

(7.79)

ho=froe 2 = =0.340 f;
fT 2g (0.018)(20) ——~- 2022 t

Tee-flow through branch: L./D = 60

3
o= 2= QO8NS a6 s

A4 0.01365 m’

Jr=0.018 (Table 10.5)

L v (4.76)"

f’“'z}' (0.018)(60) 20.80) =1.25m

Pipe bend: R, =300 mm; r=R,—- D,/2 = 300 ~—2—§2—§ =285.7 mm
r/D=0.2857 m/0.0253 m=11.3 —» L./D = 32 from Fig. 10.23.
250 L/min 1m’/s

x
5.017x10*m* 60000 L/min

Np= 22 B3DO033) g0y, 05, Do 0023 67,
v 3.60x10 £ 15x10

fr=10.0115 in zone of complete turbulence

- _L_B_m (8.31)°
h=f, 5 2g (00115)(32)(81)

V= —Q—= =8.31 m/s
A

=1.29m

Pipe bend: See Prob. 10.41 for some data.
For minimum energy loss, /D =3, L,/D =11.8 (Fig. 10.23)

r= (%jD = (3)(25.3 mm) = 76 mm

Ly (31
hy = fT D 2g (0.0115)(11.8) 20.80)

=0.477m
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r 750 mm L

10.43 Proposal 1 - Pipe bend: —=—-——=15.1; % =40.5 (Fig. 10.23)
D 49.8 mm D
. 3
_ Q: 750 L/min « 1 m’/s =643 m/s
A 1.945%10° m® 60000 L/min
No— uD,o:(6.43)(0.0498)3(802) C1aav10h Do 0.0495%6 — 33200.
7 1.92x10” e 1.5x10
f=0.017; f7=0.010 in zone of complete turbulence
h,meL—“——(oo10)(4o 5)(6 )’ _0.85m
D2g 2(9.81)
Proposal 2 - Bend + tube: =201 _301. Le_yqg
D  49.8 mm D
2
=/, %——(o 010)(11.8) (i 42)) =0.248 m
L v . 120 (6.43 b, =111 m
ho =LY 0017120 6 ) _ 0862m
w ' D2g 0.0498 2(9.81)
. 3 2 2
1044 o= Qo POUmin _ 1m7s _osqiys OO _)i04m
A 1.905%10° m> 60000 L/min 2¢  2(9.81)
N, = qu:(6.56)(0.0493l(802) 1354 10°
1 1.92x10
Dle = 0.0493/4.6 x 107 = 1072 f=0.0215: fr=0.019
h, ~fTL—5“——(o 019)(30)(2.194m)=1.25 m
& h, =259m

Liotar

L

2
LY o 0215)( 1.40 ](2 194)=1.340 m
D2g 0.0493

‘pipe

2.59m

0.85m
2.59m

1.11m

= 3.05 times proposal 1.

= 2.33 times proposal 2.

1045 Bendin tube: —=—20TM _g55. L _ 99 (pig. 10.23)
D 1575mm D

b= Q__ 40Lmin 1 m’/s
A 1.948x10* m* 60000 L/min

D 57: : .

— —09-1*-7%— =342: fr=10.025 in zone of complete turbulence

e 4.6x10

L v _ (3.42)
= = 002929 2

=342 m/s

=0.432 m
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10.46

10.47

10.48

10.49
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2 2 2 2
PR N P % AI:nD, _70.050m)” _ 00063 m?
Yw 2g Y 2g 4
2 2 2 2
PP, UITU A, =2 7OIOmM) 067854 m?
L 1 2 ) 4 4
Y g
Z1—2,=-=1.20m
-3 3 2 2
o= L2000 mS g 56 ys OGO a6
4, 0.001963m 2g  2(9.81)
~3 2 2
o= L 000 264 sy L 2 OTOD 9397 m
A, 0.007854 2¢  2(9.81)

Manometer: p; + v,(0.25 m) —v,,(0.35 m) — y,(1.10 m) = p,
P1—Pp2=Ym(0.35m) +v,(1.10 - 0.25)m
p—p, V,(035m) N 7,(0.85m) 132.8(0.35m)

7., V. Vo 9.69

PP 480m+0.85m=5.65m
Vw

+ 085m

Then 2, =5.65 - 1.20 +0.476 — 0.0297 =4.90 m

UZ

Let hL = K-
2g

h, _ 4.90m
v} /2g 0.476m
90° Bend. Steel tube; '/i in OD x 0.065 in wall thickness.
r=2.001in. D =0.370 in = 0.03083 ft.
D/g =0.03083/1.5 x 107 =206. Then f; = 0.0295 in fully turbulent zone. 4 = 7.467 x 107* fi%.
O = 3.5 gal/min = 0.00780 ft’/s. v = O/A = (0.00780 t*/s)/(0.00780 ft*) = 10.44 fi*.
(vV*/2g) = (10.44 ft/s)*/[2(32.2 ft/s*)] = 1.692 ft. #/D = 2.00 in/0.370 in = 5.41.
L./D = 17 (Fig. 10.27). K = fi/(LJD) = 0.0295(17) = 0.5015.
h, = K(v*/2g) = 0.5015(1.692 ft) = 0.849 ft = h,

Then K = =103

90° Bend. Steel tube; 1 1/4 in OD x 0.083 in wall thickness.

r=3.25in. D = 1.084 in =0.09033 ft.

D/g =0.09033/1.5 x 107* = 602. Then f; = 0.023 in fully turbulent zone. 4 = 6.409 x 107 fi%.
Q = 27.5 gal/min = 0.0612 ft’/s. v = Q/4 = (0.0612 ft*/5)/(0.006409 ft*) = 9.556 ft/s

(12g) = (9.556 ft/s)*/[2(32.2 ft/s”)] = 1.418 ft. /D = 3.25 in/1.084 in = 3.00.

L./D = 12.5 (Fig.10.27), K = f#(LJD) = 0.023(12.5) = 0.288.

hy = K(v*/2g) = 0.288(1.418 ft) = 0.408 ft = h;

Data from Problem 10.47. Coil with 6.0 revolutions. K = 0.5015 for one 90° bend.

n = 6.0 rev(4 90° bends)/rev = 24 90° bends. v*/2g = 1.692 ft. #/D = 5.41. f; = 0.0295.
Ky = (n— 1) [0.252(r/D) + 0.5K] + K [Equation 10-10]

Kz = (24 — 1)[0.252(0.0295)(5.41) + 0.5(0.5015)] + 0.5015=9.15=K}

hy = K(v*/2g) = (9.15)(1.692 ft) = 15.5 ft = hy
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10.50

10.51

10.52

10.53

10.54

10.55

10.56

10.57

10.58

Data from Problem 10.48. Coil with 8.5 revolutions. K = 0.288 for one 90° bend.

n = 8.5 rev(4 90° bends)/rev = 34 90° bends. v//2g = 1.418 ft. /D = 3.00. fr = 0.023.
Kz = (n — 1)(0.252f(r/D) + 0.5K] + K [Equation 10-10]

Ky = (34 — 1)[0.25m(0.023)(3.00) + 0.5(0.288)] + 0.288 = 6.83 = Kp

hy = Kp(v*/2g) = (6.83)(1.418) = 9.68 ft =,

Data from Problem 10.47. 145 degree bend. K = 0.5015 for one 90° bend.
n = 145°/90° = 1.61 90° bends. v*/2g = 1.692 ft. #/D = 5.41. fr = 0.0295.
Ky = (n —1[0.252,(r/D)) + 0.5K] + K [Equation 10-10]

Ky = (1.61 — 1) [0.252(0.0295)(5.41) + 0.5(0.5015)] + 0.5015 = 0.731 = Kp
hy = Kx(v*/2g) = (0.731)(1.692 ft) = 1.25 ft = h,

Data from Problem 10.48. 60 degree bend. K = 0.288 for one 90° bend.

n = 60°/90° = 0.667 90° bends. v*/2g = 1.418 ft. /D = 3.00. f; = 0.023.
Kp = (n - D[(0.252f(r/D)+ 0.5K] + K [Equation 10-10]

K3 = (0.667 — 1) [0.25m(0.023)(3.00) + 0.5(0.288)] + 0.288 = 0.222 = Ky
h, = Kp(v*/12g) = (0.222)(1.418) = 0.315 ft = b,

Directional control valve. Figure 10.29. For Q = 5 gal/min, Ap = 60 psi.

Directional control valve. Figure 10.29. For Q = 7.5 gal/min, Ap = 104 psi.
For Q = 10 gal/min, Ap = 175 psi.

Find K if Ap = i, = yK(v*/2g). Then, K = (Ap)/[/v*/2g)] Dimensionless.

From Prob. 10.53: For Q =5 gal/min, Ap = 60 psi = 8640 b/,

5/8 OD tube with ¢ = 0.065 in. 4 = 1.336 x 107 ft’. = 0.90(62.4 1b/ft’) = 56.16 1b/ft’.
v =0/d = [(5 gpm)/(1 ft*/s/449 gpm)]/(1.336 x 10 ft’) = 8.34 fi/s

(12g) = (8.34 f/s)*/[2(32.2t/s%)] = 1.079 ft

K = (Ap)/[/(v*/28)] = (8640 1b/f)/[(56.16 1b/ft°)(1.079 ft)] =143 =K

Procedure like Prob. 10.55: For Q = 7.5 gal/min, Ap = 104 psi. v = 12.5 ft/s. K =110
For Q = 10 gal/min, Ap = 175 psi. v = 16.67 fUs. K = 104.

Use Eq. 10-10. Solving for C, = Q//Ap/sg .
From Problem 10.53, Q = 5.0 gal/min, Ap = 60.0 psi, and sg = 0.90. Then,

C, = 0/ JAplsg = 5.0//60/0.90 =0.612=C,

See Problem 10.57 for procedure and data from Problem 10.54.
For Q = 7.5 gal/min: C, = Q/+JAp/sg = 7.5/4/104/0.90 =0.698 = C,
For Q = 10.0 gal/min: C, = Q/\/Ap/sg =10.0/4175/0.90 =0.717 = C,

For Problems 10.59 to 10.70, values of C, are found from Table 10.6.

10.59

Ap = sg(Q/C,)* = 0.981(150/170)* = 0.764 psi
sg = 61.2 1b/ft*/62.4 To/ft’ = 0.981

MINOR LOSSES
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10.60

10.61

For Problems 10.62 to 10.70, values of sg are found from Appendix B.

10.62

10.63

10.64

10.65

10.66

10.67

10.68

10.69

10.70

140

Ap = sg(Q/C,)* = 0.989(600/640)" = 0.869 psi
sg = 61.7 Ib/ft*/62.4 1b/ft* = 0.989

Ap = sg(Q/C,)* = 0.997(15/25)* = 0.359 psi
sg = 62.2 1b/f/62.4 b/ft’ = 0.997

Ap = 5g(Q/C,)* = 1.590(60/90)* = 0.707 psi

Ap = sg(Q/C,)* = 0.68(300/330)* = 0.562 psi

Ap = sg(Q/C,)* = 0.495(5000/4230)" = 0.692 psi
Ap = sg(Q/C,)* = 1.590(60/34)* = 4.952 psi

Ap = sg(Q/C,)* = 0.68(300/160)* = 2.391 psi

Ap = sg(Q/C,)* = 0.495(1500/700)* = 2.273 psi
Ap = sg(Q/C,)> = 1.030(18/25)* = 0.534 psi

Ap = sg(Q/C,)* = 0.823(300/330)" = 0.680 psi

Ap = sg(Q/C,)? = 1.258(3500/2300)> = 2.913 psi
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CHAPTER ELEVEN

SERIES PIPE LINE SYSTEMS

Class 1 systemns

11.1

11.2

2 2
Class I, Pt. A at tank surface: 5\,4_2 /SO & +—Ui:pA=0, UA=0
y t2e oy P2

V2 L
pB — }/W{ZA —ZB :i_hL}z}/wlilzm—hUn _I'Ohl)u ~3fT(3O)hUB wahUn:i
Entr. 3 Elbows Friction
2 2 2
h, = Velocity head in pipe = Ys :_l_(g) = m =0.202 m
> 2g 2g\ A4 2(9.81m/s”)
Nz = vD/v=(1.99)(0.098)/(1.30 x 10%)=1.50 x 10°

D/e=0.098/1.5 x 10™° = 65300 — /= 0.0165;
fr=0.010 in zone of complete turbulence

py= 221 }‘N {12 m —0.202 — 0.202 — (3)(0.010)(30)(0.202) — (0.0165)5%%(0.202)}
m .

pp = 85.1 KN/m” = 85.1 kPa

2 2
Class I; —PA+ZA+£A—~hL=£B—+ZB+~ULZ VA= =0; pp=0
2g Y 2g

pa=vlzs -2za + A ] =v[4.5 m + h]; fr=0.019

hy = 1.0k, + 100f7h, + 150fth, + 30fh, + 1.0k, + fO 3525 h, = h,[7.32 + 724f]
Ent. Chk.valve Ang. V. Elbow  Exit . Friction
2 4 i }
h,= v (in pipe): v= Q: 39 L/n”in =X L m'/s — =3.344 m/s
2g A 2.168x10°m? 60000 L/min
by = (3.344)%(2)(9.81) = 0.570 m
: . 052
Ne= 0Pp _ B:34)0.0525)820) _g 47 e, D 00925 S 1141, f= 00222
U 1.70x10 g 4.6x10
pa=7v[4.5m+ h]=(0.82)(9.81 KN/m*)[4.5 m + 0.570 m(7.32 + 724(0.0222)]

=143.5 kPa

SERIES PIPE LINE SYSTEMS 141



113

11.4

142

2

ClassI; 2 +z, +%— L=£;’3~+ZB+12)E Pa=pp tr[(zs—2)*h]
3 2
p @ O0galmin Vs oy 2 0 BT se0p
A 0.02333ft> 449 gal/min 2¢ 2(32.2)
= 6.5h,+ 200Yih, +f oo 15323h = (6.5 + 60f;+ 290/)h.: f3=0.019
= PP _GIHOITIONA) e D013
n 6.0x10 ¢ 1.5x10

£=0.0260: Then A, = [6.5 + 60(0.019) + 290(0.0260)](0.509 ft) = 7.73 ft

2
=200 psig + CIVO240) o gy 7736 2128 psig
ft 144 in

Class 1

2 2 3
L/ S/ SN S 0 =750 galimin x —/5 1 67 /s

¥ 2g ¥ 2g 449 gal/min
vE —0? 0  Le7ft's
_ + — 4+ B A+ h = = e = 2 9 ft/s
pA pB 7/0 |:(ZB ZA) 2g L:I U4 A 007986 ftZ
2 2 2 1.67 ft'/s
Vi 20 69, % —1 306 o= =TS g 530
2¢  2(322) 2g A4, 0.181ft
fr=0.017
2 2 2 2

h=200) 0 ¢ pA0M O 080 _(1304+1257) %

2 0.3188 ft 2g 2g 2g

Elbows Friction Enlarge
Where Dy/D, = 0.4801/0.3188 = 1.51 — K = 0.28 (Table 10.1)
At 100°F, v,=7.21 x 10" ft’/s; N, _ (20903 138) =9.25x 10’
7.21x10
D/e=0.3188/1.5 x 10 =2125 — = 0.032
hy=[1.30 + 125(0.032)](6.79 ft) = 36.0 ft
Pa =500 psig + WM 0+(1.32-6.79) +36. 0] ﬁ(l fi’ ) = 513.4 psig
41

Similarly: At 210°F, v=7.85 x 107,
h; =262 ft; ps = 509.6 psig

=8.49 x 10* - 1= 0.0205
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2 2
115 ClassI; pA+z +3——h ——~+z +U
4 2g 4 2g

bl

v -v2
Then p,=pp + 7’0[(% —zg)+ B2g A +h1,jl

=0.892 m/s; —*

1.682x107 m? 2¢ 2081

D

0 _ 0.015m’/s V2 08922
A

Q__ 0015 g7y Y- (7871 87y’
A, 1.905x10 2g 2(9.81)
A :(0.892)(0.14_1563) 615 x 10% Djs = 01463
Y 2.12x10 4.6x107
AL N (7'87)(0’04_23) =1.83 x 10% D/e = ———-—-—0 O~ 1072;f,=0.028
" v 2.12x10 4.6x10°°

fs=0.019

hy= fA 180 (O 0405) +0.37(3.16) + 2(20)(f18)(3.16) +ﬁ3

il

Uy m=3.16m

= 3180; fa =0.035

(3.16)

Frlctlon 6 -1n Contr. Elbows Fr1ct10n 2—m
Where Dy/D, = 0.1463/0.0493 = 2.97; K =0.37, Table 10.3
h;=19.68 m

pa=125Mpa + 550 kN

[4.5 +3.16 — 0.0405 + 19.68]m = 12.5 MPa + 240 kPa
pa=12.74 MPa

11.6 Class1

Pts. 1 and 2 at reservoir surfaces: p;=p,=0; v;= 0, =0
2 2
b +z, +~U——h _El—kz +£— z1 — 2 = h; = sum of 8 losses
7 2g 7 2g
Water at 10°C; v = 1.30 x 10° m%s

2

3-in pipe: ;= Q ~537m/s: -=147m: N, _ oD, =3.48x10°
4, 2g v

Dy/e =0.0843/1.2 x 107* = 703; f3 0.022; Fr3 =0.0215

6-in pipe: vug= g—1 57 m/s: ———O 126m; N, ~0Ds _ 1.88 x 10°
A 2¢g

Dg/e =0.1560/1.2 x 107 = 1300; f; = 0.0205; f7, = 0.0185

V2 100 07 5% % v’ 300 02
=102+ +2(30 +160 104325 6
t 2g f3008432 ( )f” f” 2g 2g f6015602g

Entr.  Friction 3-in  Elbows 3c1n Gate valve Enl. Friction 6-in
2 2

+2(30) fm +1. O-~
2g 2g
Elbows 6-in  Exit

Z) == ZhL =147+384+190+5.06+0.63+497+0.140 +0.126

Zy—Zr— 52.7m
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11.7 Class1
02 vl
£A“JrZA"‘—A"]/‘J_:E’]‘a’ﬁLZ + = p5+7[(ZB”ZA)+hL];UA=UB
v 2g 4 2g
. 3 2
Q_ _170L/min Lm/s (346 mys: ‘2) =6.10x 10° m

U_ o L =
A TR 189% 10 m’ . 60000 L/min o

vDp _ (0.346)(0.0102101250) _, 47 o 10¢. L ~ 6807, £=0.0282; f,=0.013

N, = =
o 3.0x10™ P
2 2 2 2

30 v
h +150 +34O +8 50 ———~0‘577m

Friction

Ball chk. Globe v. 8 Ret.bends

pa—ps=(1.25)9.81 kN/m»)[1.2 m + 0.577 m] = 21.79 kPa

(See Computer solution on next page)
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APPLIED FLUID MECHANICS

| Pressure SI: CLASS | SERIES SYSTEMS

Objective: Pressure: Point2
Problem ‘11 - Mott—Modzfxed

*Pressure at point 2 =
Veioc;z‘y at pomt 1=
Vefoczf 'at point 2 =

 Length: L - 

Area: A = 8. 19E 05 m’
Dle = 6807
LD = 2938
Flow Velocity = 0.346 m/s

Velocity head = 0.006104 m

Reynolds No. =1.47E+04
Friction factor: f=  0.0282

Reference pomts for the energy equat/on
| Pt 1: in plpe at komi A

: i'=B20" OR Setv, "= E20"
VeI head at pomt 1= O 006104 m
Vel head at point 2 = 0.006104 m

; May need tocompute v= n/p

Area: A = 7.54E-03 m? [A = nD?4]

Die= 65313 Relative roughness
LD = 0

Flow Velocity = 0.0038 m/s [v = Q/A]

Velocity head =  0.0000 m

Reynolds No. =1.53E+03 [Nr = vD/v]

Friction factor: f=  0.0563 Using Eq. 8-7

Energy losses-Pipe 1: K Qty.
Pipe: Ky =f(L/D)= 8296 1 Energy loss h;; = 0.5064 m  Friction
Check Valve: K;= 1. 9577*;13 , Energy loss h= 0.0119m (fr = 0.013)
Globe Valve: Ks= 4420 1 Energy loss b= 0.0270 m (fr = 0.013)
Return Bends: K, = ,‘ff 0 65" 8 7 Energy loss hy = 0.0317 m (fr =0.013)
Element 5: Ks = 000 L Energy loss hys = 0.00 m
Element6:Ks= 000 1 Energy loss h. = 0.00 m
Element 7: K; = 1 Energy loss h,; = 0.00m
Element 8: Kg =f;/ff} 1 Energy loss h; 5 = 0.00 m
Energy losses-Pipe 2: .
Pipe: K; = f(L/D) = 0.00 1 Energy loss h;; = 0.00 m Friction
Element2: K,= 000 1 Energy loss i = 0.00 m
Element 3: K3 = 0t Energy loss h,; = 0.00 m
Element4: K,= - 1 Energy loss hy4 = 0.00m
Element 5: Ks= 1 Energy loss hys = 0.00 m
Element 6: Ke= Energy loss h;s = 0.00m
Element 7: K, = Energy loss h,; = 0.00 m
Element 8: Ky =‘  Energy loss h, g = 0.00m
Total energy loss hjyy =  0.5770 m
Results:
| Change in pressure Ato B: -21.79 kPa

*NOTE: Pressure at point 1 set arbitrarily to 100 kPa.
Pressure at point 2 is computed for illustration of effect of pressure drop.

SERIES PIPE LINE SYSTEMS
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Class II systems

2

11.8 Classll 4, =300ft= f—L~£)— Method IIC Iteration
D2g
Then b= \/Zgh D [2(32.2)(30)(0.3188) :\/24.64
S(25) J
N = ﬂp-:i’(—o'i@_% = 4.33 x 10%v); 2:_9&3%_ =2120
7.37x10 g 1.5x10

Try f=0.02; then v= [24.64/ f =35.1 ft/s
Np =433 x 10%(35.1) = 1.52 x 10°% New f= 0.0165

= J/24.64/0.0165 =38.6 ft/s; Ny = 1.67 x 10°%; f=0.0165 OK
Q=Av=(0.07986 ft*)(38.6 ft/s) = 3.08 ft’/s

Class II [Repeated using computational approach - Sec. 11.5]
h;, =30.0 ft; D/e =2120; Use Eq. 11-3.
¢Dh, 1 1784y }

- 2 lo +
0=-222D"\"7 ¥37p/s D\[gDh,/L

0 =-2.22(0.3188)’ 37(2120) (0318841232

— ' |

0 =3.05ft'/s
1 2 2
1.9 ClassII 2, P B P 0
r 30m > ¥ 2g ¥ 2g

Method IIC Iteration

_ 2 2
B, = D—D;_ 68 kN/m : =7.70m:f—11—u—-;u= 2gh,D
¥ ((0.90)(9.81kN/m™) D2g fL

_ J2(9.81)(7.70)(0.04658) ~ \/0.235 D 0.04658

=31053

7(30) f e 15x10°
Try /=0.03; 0= ~/0.235/0.03 = 2.80 m/s
vDp _ 0(0.04658)(900)
n 3.0%x107

New f=0.022; v =3.27 m/s; Ny = 4.58 x 10°; £=0.0210
v=3.345 m/s; N; = 4.69 x 10*; = 0.0210 No change

Np= =1.40 x 10*(v) =3.92 x 10"

Spreadsheet solutions to Problems 11.8, 11.9, and 11.10 are on next page.
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\/(32.2)(0.3188)(30) o [ L, (L784)(737x10°)
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APPLIED FLUID MECHANICS H-A & /I-B US: CLASS |l SERIES SYSTEMS
Objectlve Volume ﬂow rate _|Method lI-A: No minor losses
- _ lUses Equation 11-3 to find maximum allowable volume flow rate
o mamtam desired pressure at point 2 for a given pressure at point 1

Pressure atpoint 1= 1 12 917 ps;g
Pressure atpoint2= 100 psi
Energy loss: h, = 30 00 ft
luid Properties: Water at 100F
 Specific weight= 62 00 Ib/ft
fffflpe data: 4-in Sch 40 steel pipe
. Diameter: D= 0.3188 1t
Wall roughness e= . 50E-04 i

May need to compute v=n/p
¢ viscos 7.37E-06 /s

tength:L= = 256 ff esults: Maximum values
Area: A= 0.07982 ft* Volume flow rate: Q = 3.0546ft’/s  Using Eq. 11-3
De= 2125.33 Velocity: v = 38.27ft/s
APPLIED FLUID MECHANICS Il-A & lI-B US: CLASS Il SERIES SYSTEMS
Objective: Volume ﬂow rate Method II-A: No minor losses

Problem 11.9 - Uses Equation 11-3 to find maximum allowable volume flow rate
« a . lto maintain desired pressure at point 2 for a given pressure at point 1
System Data: Sl Metric Units
 Pressure at point 1 _‘, . 168kPa |
. Pressure atpoint2=  100kPa
Energy loss: h, = 7.70m
luid Properties: , . May need to compute: v=mn/p
. Specific weight=  8.83kN/m°  Kinematic viscosity = 3.33E
Pipe data: 2-in steel tube, t = 0.083
 Diameter: D = 0.04658ft
Wall roughness: & = 1.60E-06ft
Length: L= 30ft
Area: A = 0.001704m?
D/ = 31053.33

__ Elevation at point

_|Results: Maximum values
Volume flow rate: Q= 0.0056m%s  Using Eq. 11-3
Velocity: v = 3.31m/s

APPLIED FLUID MECHANICS lI-A & lI-B US: CLASS Il SERIES SYSTEMS
Objective: Volume flow rate ~ [Method lI-A: No minor losses
F’roblem " 10 ‘ . ~ |Uses Equation 11-3 to find maximum allowable volume flow rate
. ~ o maintain desired pressure at point 2 for a given pressure at point 1
System Data: us Customary Units
Pressureatpoint1=  250psig|
 Pressurcatpoint2=  180psig|
Energy loss: hy = 202.22 ft
luid Properties: Ethyl glycol at 77F \ May need to compute: v=n/p
. Specific weight= 6847 Ib/f2  Kinematic viscosity = 1.59E-06 /s
,ftpe data: 6-in coated ductile iron plpef
Diameter: D = 0512t
Wall roughness: = 4.00E-04ft
_length:L=  5000ft |Results: Maximum values
Area: A= 0.20589 ft* Volume flow rate: Q = 1.4500ft’)s  Using Eq. 11-3
D/ = 1280 Velocity: v = 7.04ft/s
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APPLIED FLUID MECHANICS II-A & iI-B SI: CLASS Il SERIES SYSTEMS

Objective: Volume flow rate __|Method II-A: No minor losses
~ lUses Equation 11-3 to find maximum allowable volume flow rate

\ 0 mamtaln desired pressure at point 2 for a given pressure at point 1

Energy loss: h, = 3.93m
FILIId Propertles ~Water at 15C May need to compute v=n/p
- ' , i ity = 1.15E-06 m%s _

esults: Maximum values
Volume flow rate: Q = 0.0023 m*s  Using Eq. 11-3
Velocity: v = 3.91 m/s

Length L = -
Area: A = 0.000595m2
D/c = 18353.33

) 20001793 m%s
Given: Pressure pr= 550 kPa

Pressure p,= 585.01 kPa
NOTE Should be >

Addltlonal Plpe Data
LD = 272
Flow Velocity = 3.01m/s
Velocity head = 0.462m . Ve a ,
Reynolds No. =7.21E+04 VeI head atpoint1 =
Friction factor: f=  0.0194 Vel. head at point 2 = 0.462 m
Energy losses in Pipe: K Qty.
- 5.29 1 Energy loss hy; = 2.45 m Friction
1.605 Energy loss h;, = 148 m fr=0.0107
Energy loss h 5 = 0.00 m
Energy loss h 4 = 0.00 m
_ Elemer 0o 1 Energy loss h;s = 0.00 m
- El\em"éﬁt“:'& Ks = 1 Energy loss h.s = 0.00 m
Element 7 K',' = 1 Energy loss h,; = 0.00 m
Element 8 Ka,= 000 1 Energy loss h; s = 0.00m
Total energy loss hy e = 3.93m
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APPLIED FLUID MECHANICS 1l-A & lI-B US: CLASS li SERIES SYSTEMS
Objective: Volume flow rate [Method lI-A: No minor losses

nil Uses Equation 11-3 to find maximum allowable volume flow rate
o maintain desired pressure at point 2 for a given pressure at point 1

 Pressure atpoint 1=
Pressure at oint 2=

Energy loss: h, = 19.85 ft
, Turpentme at 77F /

- Wall roughness £=
‘ . |Results: Maximum values

_ Llength: L =
Area: A = 0 06026 ft? Volume flow rate: Q = 0.9782 ft%/s  Using Eq. 11-3
Dfe = 692.5 Velocity: v = 16.23 fi/s

VolUmeﬂcwrateQ: ..
Given: Pressure p; = 120 psig

Pressure p,= 105.00 psig
NOTE Should be> 105 psig

CLASS /Il SERIES SYSTEMS
II-B Use\\ resu]ts of Meihod IIA

Addltlonal Plpe Data.
L/ID = 217
Flow Velocity = 14.91 ft/s
Velocity head = 3.452 ft ; i . 14
Reynolds No. = 2.43E+05 Vel head at pomt 1= 3 45 ft
Friction factor: f = 0.0226 Vel. head at point 2 = 3.45 ft
|Energy losses in Pipe: K Qty.
Pipe: K1 = f(L/D) = 489 1 Energy loss h;; = 16.90 ft Friction
~ Long radelbow: K,= 043 2 Energy loss h,=  2.97 ft fr=0.0215
. Element3 Ks= . 000 1 Energy loss h,; = 2.45 ft
- Element 4: ‘Ki= Energy loss hy4 = 0.00 ft
lement 5: Ks Energy loss h,5 = 0.00 ft
o , 1 Energy loss h;g = 0.00 ft
. '\Element 7: K», - : 1 Energy loss h,; = 0.00 ft
_ Element8:Ks= 000 1 Energy loss hs = 0.00 ft

Total energy loss hy ¢ = 19.86 ft
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APPLIED FLUID MECHANICS II-A & II-B US: CLASS |l SERIES SYSTEMS

Objectwe Volume flow rate _IMethod lI-A: No minor losses
(a) . JUses Equation 11-3 to find maximum allowable volume flow rate

o maintaln desired pressure at point 2 for a given pressure at point 1

Elevatmn at pomt 1= .
 Elevationatpoint2=  18ft

Energy loss: b, = 28.45 Ft
Turpentlne at 77F M

,n,e‘ed to compute V= n/p ,
 Kinematic viscosity = 7.37E-06 ff/s

Wall roughness: ¢ = 1.00)
‘ Length: L = {
Area: A=  0.00137 ft?

D/ = 4170000

esults: Maximum values
Volume flow rate: Q=  0.0194 ft%s  Using Eq. 11-3
Velocity: v = 14.23 fi/s

CLASS Il SERIES SYSTEMS | | olume e Q= |

d II-B: A Given: Pressure p; 20 psig
Pressure p; = 0.00 psig

NOTE Should be > Opsig

Addmonal Pipe Data

L/ID = 480
Flow Velocity = 8.11 ft/s m p)pe
Velocity head = 1.020 ft by ¢ = '
Reynolds No. = 4.59E+04 VeI head at pomt 1 = 1 02 ft
Friction factor: f = 0.0212 Vel. head at point 2 = 16.32 ft
Energy losses in Pipe: K Qty.
Pipe: K; = f(L/D) = 1015 1 Energyloss h ;=  10.36 ft Friction
. Behd:E‘K‘z‘::‘ - - Energy loss h,, = 0.35ft fr=0.01 Assumed
. *Noz%ie Ka= f‘ff - . v Energy loss h;; = 2.45 ft
- fE[emenM K4 = ,O.;O/G ‘ 1 i Energy loss h 4 = 0.00 ft
" ’ 0 1 Energy loss his= 0.0 ft
 Elemer - 000 1 Energy loss h = 0.00 ft
Eement7 K= 000 1 Energy loss A= 0.00 ft
Element 8: K;: o 000 1 Energy loss h; g = 0.00 ft
Total energy loss hy i = 13.15 ft

*Nozzle K; restated in terms of velocity head in pipe rather than outlet velocity head.
*Ky = 0.15(va/vy)’ = 0.15(4)% = 2.40

Nozzle Velocity: vy = vy(A/Ay) = v‘,,(Dp/DN)2 =4.0v, = 4.0(8.11 ft/s) = 32.44 ft/s
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APPLIED FLUID MECHANICS 1l-A & II-B US: CLASS Il SERIES SYSTEMS
Objectlve Volume flow rate Method Il-A: No minor losses

. Uses Equation 11-3 to find maximum allowable volume flow rate
o mamtam desired pressure at point 2 for a given pressure at point 1

_ Pressure atpoint 1=
_Pressure atpoint 2=

Energy loss: h, = 167.81 ft

Turpentlne at 77F May need to compute v n/p

 Wall roughness: e=  1.00E-08ft
Length: L=  20ff |Results: Maximum values
Area: A= 0.00137ft° Volume flow rate: Q = 0.0522 ft’/s Using Eq. 11-3
D/ = 4170000

Velocity: v = 38.20 ft/s

Volume flow rate: Q= 0.02781 f%/s
Given: Pressure p; = 80 psig

Pressure p, = 0.01 psig
, NOTE Should be > 0 psig

CLASS Il SERIES SYSTEMS

Method II~B Use results* f A
Include mmor Iosses '
then

Addltlonal Plpe Data.
LID = 480 ,,
Flow Velocity = 20.36 ft/s ~ ‘ 6\ft/s |-*> :flf veloc:ty is in plpe: ,
Velocity head = 6.439 ft Velomty at pomt 2 = 81;.-45 ft/s |--> Enter "=B24"
Reynolds No. = 1.15E+05 Vel. head at point 1 = 6.44 ft
Friction factor; f= 0.0173 Vel. head atpoint2 = 103.02 ft
Energy losses in Pipe: K Qty.
Pipe: K, =fLD)= 1 Energy loss h,; = 53.57 ft Friction
' Bend Kz = )34 1 Energy loss h,, = 2.19ft fr=0.01 Assumed
. *Nozz[e K3 240 1 Energy loss hi; =  15.45 ft
Element 4: Ky = “;;_:: 9 Energy loss hy, = 0.00 ft
- ~E,/ement 5 Ks = 0 1 Energy loss hs = 0.00 ft
Element 6: Ks = Energyloss hys=  0.00 ft
Element 7 Ky Energy loss h,; = 0.00 ft
_Element 8: Ks = ; Energy loss his= 0.0 ft
Total energy 108s hy i = 71.21 ft

*Nozzle K; restated in terms of velocity head in pipe rather than outlet velocity head.
*Kz=0. 15(v2/v1) = 0.15(4)% = 2.40

Nozzle Velocity: vy = vp(A/Ap) = v,,(D,,/DN)2 =4.0v, = 4.0(20.36 ft/s) = 32.44 ft/s
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APPLIED FLUID MECHANICS 1I-A & lI-B SI: CLASS Il SERIES SYSTEMS

Method H-A: No minor losses

_ |Uses Equation 11-3 to find maximum allowable volume flow rate
o maintain desired pressure at point 2 for a given pressure at point 1

Objective: Volume flow rate
roblem 11.14 '
Figure 11.19

Energy loss: h, = 13.59 m
Tuid Properties Kerosene at 250 May need to compute: v = np
. Spec:ﬁc wel ht,* . BO7kNi Kinematic viscosity = 1.99E-06 m®/s

esults: Maximum values
Volume flow rate: Q= 0.0098 m%/s Using Eqg. 11-3
Velocity: v = 5.05 m/s

Length L =
Area: A = 0.001 948 m?
D/ = 33200

CLASS I SERIES SYSTEMS
Method II-B: Use results of Method IIA :

=0.008485 m*/s
150 kPa

0.01 kPa
» 0 kFy'ya%

Given: Pressure p,
Pressure p,
’NOTE Should be >

n Point 2is comuted
Addmonal Pipe Data:

LID = 602
Flow Velocity = 4.36 m/s Ve s> 1 velemty pipe :“
Velocity head = 0.967 m Velomty at pelnt .36 fils. |-=> Enter "‘324" .

0.000 ft
0.967 ft

Vel. head at point 1 =
Vel. head at point 2

Reynolds No. = 109E+05
Friction factor: f=  0.0177
Energy losses in Pipe: K Qty.

i

_Pipe:K,=fL/D) = 10. 69 1 Energy loss hy 4 = 10.33 m Friction
/2 op. gate Vaivé Kz: - 15 oy Energy loss h;, = 147 m fr=0.0095

- Elem Energy loss h; = 0.48 m

‘ 'iElemeUt?I: K.= ['{f’ o 2 Energy loss h 4 = 033m

, Eleméth“Kg = ' 1 Energy loss h 5 = 0.00 m

. ‘Element 0 Koz - 1 Energy loss hs = 0.00m
Element 7: K~,- »;., 0 1 Energy loss h,; = 0.00 m

. B ,,e,Ihe.nt,B Ky = 1 Energy loss h,s = 0.00 m
Total energy 1088 hy o = 12.62 m
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11.14 Class ITI Pt. | at surface of tank A; Pt. 2 in stream outside pipe. v;=0,p,=0

2 2

by, +»U-—h,l:£2»+zz+ ler(z —z)—£~+h
4 2g 4 2
2
—]M“-;~ m= [13.59m=22+4| @ Method IIC
8.07 kN/m 2g
2 2 2 2
h= 0502 41607, 2 1 o(18)f, Ly p 20 MM U 0, = (2. 46+602f)
2g 2g 2g 0.0498 m 2g 2g
Entrance Valve Bends Friction
Lyp=390mm _ ¢ 00 s L~ 18 Fig.1023)
49 .8 mm D
Dle= 209981 33900
1.5 x10° m

fr=0.010 (Approx.)

InEq. I:

2 2 2

13.59 m= 2 +(2.46+ 602f)22—-:(3.46+ 602f)£2—
2g 2g 2g

_ [22(1359m)  [2(98D)(13.59) _ [ 266.6
346+602f \ 3.46+602f \3.46+602f

Try f=0.02
_ \/ 266.6 B _vDp _ (4.15)(0.0498)(823)

=4.15 m/s; N =1.04 x 10°

3.46 + 602(0.02) yr 1.64 x107°

New /= 0.018; v=4.32 m/s; Ny = 1.08 x 10°; New f= 0.018 No change
0= Av=(1.945x 10° m*)(4.32 m/s) = 8.40 x 10” m’/s

11.15 Class II with 2 pipes: Pts. A and B at tank surfaces. Method IIC
Payp 420 h=Pr s v == 10m: Pa= Py
4 2g Y 2g Uy =0 =0

V2 55 vl v?
hy =1 O——+2 30 — +0.45—-% Based on 3-in pipe; 3= 0.022
2g X ) 5 2g f30084322g 28 pipe; /i
D, 0.156

0.0843

=1.85

Entrance Elbows Friction  Enlarge.

D,

30 vy v?
+30,, =2 +45

0.156 2g Jorg 2g f“ }

Friction Elbow  Valve Ex1t

+ £ Based on 6-in pipe; fsr = 0.019

2

2
By = (277 + 6526) 2 + (2.43+192 fo2e
2g 2g

2 2
But U3=1)6£6-=1)6 Ds =06[_9.'1§_6») =3.420; LI =11.730}
A D, 0.0843

3
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154

11.730} : :

B = (2.77 + 652f3) +(2.43+192 f6)-‘2-’é-« =(34.9+ 7646 f, +192 fé)-é“ﬁ—
g g

Solve for v,

. 2gh, ~ 2(9.81)(10)
© N (34.9+ 76461, +192f,) \34.9+7646f, +192f,

_ 196.2
34.6+ 7646 f, +192,

Iterate for both f5 and f;:

084
Dy 008483m oy, 0D 000 o0 1050,
g 12x107"m ’ v 6.56x10
_szmo.156(34 =1300: N, = 06Ds _ 06(0.15§Z =2.38%10°(v;)
e 12x10 © Ty 6.56x10
Try f3 = f3 = 0.02
Vg = 196.2 =1.012 m/s
34.9 + 7646(0.02) +192(0.02)

Uy = 3420, = 3.46 m/s
N, =1.29x 10°(3.46) =4.46x10° — New f; = 0.0195

N, =2.38x10°(1.012) =2.41x10° — New f; = 0.020

196.2
Ug = =1.02 m/s
34.9+7646(0.0195) +192(0.02)

vy =3.300s = 3.51 m/s
N, =129 x 10°(3.50) =4.20 x 10° - f; =0.0195 No change

N, =2.38x 10%(1.02) =2.43 x 10° - f; = 0.020 No change

7(0.156 m)>
4

0= Asvs = x 1.02 m/s =1.95 x 10~ m*/s
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11.16 Class IT with two pipes Pt. B in stream outside pipe. pp =0 Method 1IC

2
£¢+ZA+—1L—h =y, + . P tz, —zg= Us ~ s +h,
7, 2g 7, 2g 7, 2 ‘
2 2
LA VL L —_45m =[1468m = = _2A . p @)
7, 0.93(9.81 kN/m*) 2¢ 2g
30 o w2 100 02 v
h, = 2.+0.5 B 0 =0.010 approx.
= f200498 29 f40 098 2¢ +2(3 )fm t S PP

Friction(2-in) Enlarge. Friction (4-in) Elbows

LDz/Dl = _9.@_—1 97
0.0498

0D, P _ v, (0.0498)(930)
7 9.50x107°
DDy _ 0,(0.098)(930)

9.5%107

Dyle = 0.0498/1.5 x 10° =33200; N, = =4.88 x 10°(0y)

Dple=0.098/1.5 x 10° = 65333; N, =9.59 x 10°(ug)

2 2

B, = (0.52 + 602,) -2% +(0.6+1020£,) é’i
g

2
4
But vy = vy 74-'3—=UB (%—] =0,(1.97)" =3.87vs: 0. =15.00]

A A

2 2
15005 1 (0.6+1020£,) 22 =
2g

2
Then: A, = (0.52 + 6025) gﬁ- [8.40 + 90307 + 10207]
g

In Eq.D

2 2 2
1468="n _150a

2
-’3?-[8.4(>~H)030f2 +10201,1= —“i[—s.é()-1~9030f2 +1020 1, ]
2g 2g 2¢g 2g

_ 2g(14.68) N 288.1 Iterate for
7560+ 90301, +1020/, \-5.60 9030, 11020/, both £, and ,.

U

Try fo=/1=0.02

v = 288.1 =1.21 m/s; va=3.8705 =4.69 m/s
-5.60 +9030(0.02) +1020(0.02)

N, =4.88x10%(4.69)=2.29 x 10'; N, =9.59 x 10%(1.21)=1.16 x 10"

New £ = 0.0255, f; = 0.0305

g = 288 1 =1.06 m/s; vy =3.87v5 = 4.10 m/s
75.60 + 9030(0.0255) + 1020(0.0305)

N, =2.01x10" > f, = 0.0255 No change; N, =1.02x10* — f; = 0.0305 No change
O = AL = (7.538 x 10°m*)(1.06 m/s) = 7.99 x 10~ m’/s
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Class 111 systems

1117 ClassTll 2 L 1000 ft |
D U D, b, s 1 24 3
Stz ———h =+
y 2ty 7 2g Z=z,u~y

¥ Y in?(61.01b) ft?
Do {SLQZ f] { 8(1000)(0.5)?

— . 3 in? 2 2
p=ps_, 100D-R M4 oLV fLOYG6

D2g D2gn’D*

f] | =(0.267 )

Tgh, 77(32.2)(23.61)
N D _40D 405 _1453x10°
¥y D n(4.38x10°)D D
Try £=0.02

D =[0.267(0.02)]** = 0.351 ft;
0.351

5
e VPSS & P EE 1)
0.351 & 15x10°

R

New f=0.0175
D =0.342 ft; Np = 4.25 x 10, D/e = 2279 —> f=0.0175 No change
| Minimum  Specify: 5-in Sch. 80 pipe, D = 0.4011 ft

11.18 Class III Same method as Prob. 11.17.

_[see 17 _[ 80006 T o
b [ﬂzgth} [ﬂ2(9.81)(15.74)f} [5.67>1077]

2
pp= PP ORI 50,
7 9.53KN/m

_ 40 4(0.06) _2.12x10°
avD  7(3.60x107)D D

Try f=0.02

D =[5.67 x 10%(0.02)]>* =0.103 m;
5
Np= 212x107 :2'07“06;2:____0-103% = 68400
0.103 g 1.5x10
New f=0.0105

D =0.0901 m; Ny =2.35 x 10% 2 =60100 —> £=0.0105 No change
&

] Minimum Specify 4-in type K copper tube; D = 97.97 mm
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APPLIED FLUID MECHANICS

1lI-A & lll-B SI:  CLASS Ill SERIES SYSTEMS

Objective: Mlnlmum plpe dlameter
Probiem 11 18 _

Pressure at point 1=
Pressure at pomt 2=

Elevation at point 2=

System Data SI Metrlc Umts

150 kPa;{__ __ Fluid Properties: Water at 80C
( . . 'Speczf"c weight=  9.53kNim®
_ Kinematic Viscosity = 3.60E-07m®ls

Elevation at POmt i  , :’ .

15.74 m

Allowable Energy Loss: hL _ m L/gh, = 0.194292
Volume flow rate Q = 0 06m s Argument in bracket:  2.89E-22
Length ofpipe L= 330m Final Minimum Diameter:

_ Pipe wall roughness: ¢ = 1 SOE-OGm .

ethod llI-A: Uses Equation 11-13 to compute the
___Iminimum size of pipe of a given length

- lthat will flow a given volume flow rate of fluid
with a limited pressure drop. (No minor losses)

Intermediate Results in Eq. 11-13:

Minimum diameter: D = 0.0908 m

Specify 4-in type K copper tube: D = 97,97 mm

APPLIED FLUID MECHANICS

H-A & llI-B US: CLASS |l SERIES SYSTEMS

Objective: Minimum pipe diameter
Example Problem 11.19

Pressure at pomt 1=
Pressure at pomt ,2 "f,‘ .

| Piowslmighnass . - 400EDAE

System Data: Sl Metrlc Umts

 Elevation atpoint1= 130 £ 1 - 1 215-05 #s
- Elevation at point 2 = oft. Intermedlate Resulits in Eq 11-8:
AIIowable Energy Loss: h, - 130.00 ft , L/igh,=  2.522695
Volume flow rate: Q = - 30.067 s Argument in bracket:  6.22E-11
Lengthofpipe: L=  10660ft Final Minimum Diameter:

'ethod Ill-A: Uses Equation 11-8 to compute the
iminimum size of pipe of a given length

___lthat will flow a given volume flow rate of fluid

with a limited pressure drop. (No minor losses)
FIu:d Properties: Water at 60F
- Spec:ffc weight = 62.40 Ib/ft®

0ps;g, L
OpSIg" “

Minimum diameter; D = 1.9556 ft

APPLIED FLUID MECHANICS

I-A & llI-B US: CLASS Ill SERIES SYSTEMS

Objective: Minimum pipe d:ameter
Problem 11 .17 ~

_ Pressure at. pomt =

 Pipe wall roughness: s =

SERIES PIPE LINE SYSTEMS

System Data: Sl Metrlc Unlts
1 10 psug -

~ Pressure at pomt 2 = . - QO psi f Spec;ﬂc welght = ; 61 00 Ib/ft®
‘Elevatton at pomt 1= . '_\ 0ft , matic Vis = 4 385:’—06 ftzls
Elevation at point 2 = om0 lntermedlate Results in Eq. 11-8:
 Allowable Energy Loss: h = 23761 ft ‘ L/gh, = 1.315562
‘ Volume flow rate: Q= 05fts Argument in bracket: 1.11E-07
Length ofplpe L= too0ft Final Minimum Diameter:

?i' 50E-04ft

|Method llI-A: Uses Equation 11-8 to compute the
Iminimum size of pipe of a given length
 |that will flow a given volume flow rate of fluid
with a limited pressure drop. (No minor losses)
Fluid Properties: Water at 160F

Minimum diameter: D = 0.3479 ft

Specify 5-in Sch. 80 steel pipe; D = 0.4100 ft
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APPLIED FLUID MECHANICS

1ll-A & IIl-B US: CLASS lil SERIES SYSTEMS

Objectlve Mmlmum plpe dlameter

_|that will flow a given volume flow rate of fluid
with a limited pressure drop. (No minor losses)

~|Method IlI-A: Uses Equation 11-8 to compute the

inimum size of pipe of a given length

Elevation at pomt .
Allowable Energy Loss hL- ’

/ FIu:d Propertles Water at 80F
S eczfzc we:ght: ¢

- Viscosity= 9. 155—06ft2/s
Intermedlate Results in Eq 11-8:

L/gh, =  0.194099

Argument in bracket: 2.91E-09

Final Minimum Diameter:
Minimum diameter: D = 0.3007 ft

Addltlonal Plpe Data

VeI head at pomt1 =

Flow area: A=  0.13894 ft° 0.000 ft
Relative roughness: D/e = 2804 Vel. head at point 2 = 0.638 ft
LID = 178 Results:
Flow Velocity = 6.41 ft/s Given pressure at point 1 = 0 psig
Velocity head = 0.638 ft Desired pressure at point 2 = 0 psig
Reynolds No. = 2.95E+05 Actual pressure at point 2 = 2,28 psig
Friction factor: f= 0.0175 (Compare actual with desired pressure at point 2)
Energy losses in Pipe: K Qty.
; Plpe Fnct/on K= f(L/D) = 3.12 1 Energy loss hy; = 1.99 ft
. Entrance k= 6 1 Energy loss h;, = 0.32 ft
Globe valve: Kj = 4 1 Energyloss hy=  3.47ft fr=0.016
Std Elbow K4 z o { 1 Energy loss h., = 0.31ft fr=0.016
Element 5: Ks = 0.00 1 Energy loss his=  0.00 ft
:Elementiéi:- Koz 0.00 1 Energy loss hys = 0.00 ft
‘ :EI&ment‘? ‘Ky 0 00 1 Energy loss h;; = 0.00 ft
"I'Element 8 Ks = /O;OO /:,1\‘ | Energy loss h; g = 0.00 ft
Total energy loss hy o = 6.09 ft

158

Chapter 11



Practice problems for any class

11.21 Class I Pt. 1 at tank surface, Pt. 2 in stream outside pipe: p; =p,=0; v, =0

11.22

@

p UZ p 2 UZ
gz +toh =224z +-2: |z —z,==2+]
y 2g 7y 2g ’
_ QO _ 1500 L/min 1 m¥/s _
A, 6.38x107°m? 60000 L/min

£,=0.018

UZ

2
B= 0522 4 £.(160)2+ f,(30) 2 =
2g 2g 2g

=3.07m

InEq. ©
UZ

2 2
_Y

2g

z,—2z,=—>+h, =0.782+3.07= 3.85m
2g :

o U (392

: =0.782 m
2g 2(9.81)

[0.5+190f,1=0.782[0.5+190(0.018)]

Buth=z-2-05m=38m~05m=335m

Class 1 Pt. 1 at collector tank surface. Pt. 2 at pump inlet. p; =0, v; =0

2 2 2
El+z] +—U’——hL =&+22 + 22 D, 27[(2, —z,)~h, ‘—Ul} (D)
y 2g 4 2g 2g
. 1 ftz/S 3 . .
Q=30 gal/min x —————— 1=0.0668 ft'/s  f=0.019 for 2-in pipe
449 gal/min
3 2 2
w:2:0.0668ﬁ/f: 5;9—2—=(2'86) - 0.127 ft
4, 0.02333 ft 2g 2(32.2)
2 2 2 2 2
=05 1850, p 100 b g 05505800
2g 2g 0.1723 ft 2¢g 2g 2g
Entrance Filter Friction Valve
Ny = vDp _ (2.86)(0.1723)(({;92)(1 94) 9 45%10" - D_ 0.1723:4 ~ 1149
3.6x10 e 1.5x10
f=0.0265
h; =(0.127 1£)[2.50 + 58.0(0.0265)] = 0.513 ft
In Eq.@:
62.41b ft ft°
= (0.92)] ——— |[3.0-0.513-0.127 =0.94 psi
D2 ( )( ﬁ3 )[ ]144 in2 psig

SERIES PIPE LINE SYSTEMS



11.23 Class1 Pt. 1 at collector tank surface; Pt. 3 at upper tank surface. py=p; =0, v, =0;=0

2 2

Py v B e =Dz 2 h =(z,—2)+h, =19.0ft+h,
4 2 2g
2 2 2
ho=h th =0513ft+ £, (100) 2+ p, 8T LY g gl
2¢ 7011502  2g

[From Prob. 1 1.22] Ch. valve Friction Exit
_ QO _ 0.0668 ft'/s vy _ (643)
A

= s = 643 fi/s: =0.642 ft

0.01039 ft* 2¢  2(322)
_v,Dp _(6.43)(0.115)(0.92)(1.94)
. i 3.6x107°

N
D_ OIS 567, r=0.0265: fir=0.022

e 15%x10™
hy=0.513 ft + (0.022)(100)(0.642) + (0.0265)(157)(0.642) + 1.0(0.642) = 5.24 ft
hy=19.0ft+h;=19.0 +5.24=24.24 ft

£

=3.67x10":

62.416)(0.0668 f* ) 1 hp
Power = Pp = h 2424 1)(0.92 2=0.169h
A= hy@=( X )( i’ ][ s Jsso fe-Ib/s P
APPLIED FLUID MECHANICS HI-A & llI-B US: CLASS lll SERIES SYSTEMS

160

Objectlve M|n|mum pedlameter

Method llI-A: Uses Equation 11-8 to compute the
inimum size of plpe of a given length

Intermediate Results in Eq. 11-8:
L/ghp =  0.134576
Argument in bracket: 1.37E-09
Final Minimum Diameter:
Minimum diameter: D = 0.1059f

Chapter 11



CLASS il SERIES SYSTEMS \

Addltlonal Plpe’Data’ o

Flow area: A= 0.01039 ft*
Relative roughness: Dfe = 767
LD = 339
"Flow Velocity = 6.43 ft/s
Velocity head = 0.643 ft
Reynolds No. = 3.67E+04

O OOO ft

Vel head at pomt 1=
Vel. head at point 2 = 0.643 ft
Results:
Given pressure at point 1 = 0 psig
Desired pressure at point 2 = 0 psig
Actual pressure at point 2 = 0.36 psig

Friction factor: f = 0.0261 {Compare actual with desired pressure at point 2)
Energy losses in Pipe: K Qty.
P/pe Friction: K1 = f(L/D) = 8 84 1 \ Energy loss h ; = 5.68 ft
’ : = 100 1 Energy loss h,, = 0.64 ft
Energy loss h; 3 = 0.85ft fr=0.022
Energy loss h; 4 = 0.28 ft /=0.022
Energy loss h;5 = 0.00 ft
i = 000 Energy loss h ¢ = 0.00 ft
'f}f:' Element 7 K—; = . 000 1 Energy loss h,7 = 0.00 ft
 Element8: Kz= 000 1 Energy loss hs= 0.0 ft
Total energy loss hy s = 7.45 ft
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11.25 Class II Computational approach, Eq. 11.12.
R el 23 lQ.Ozlb' ft’  144in’ ~23.08 ft
y in> 6241b ft’
1-in Schedule 80 steel pipe; D = 0.07975 ft; 4 = 0.00499 ft*
D/e =0.07975/1.5 x 10™ = 532
Water at 60°F; v = 1.21 x 107 ft¥/s

Q=-222D"
| [32.2)(0.07975)(23.08) log I (L7841)(1.21x10° *)
=-2.22(0.07975) 100 3.7(532) (0.07975)4/0.5927

i |
| |

0 =0.0333 ft'/s
_ O _0.03331ts

= 6.68 ft/s
A4 0.00499 ft*

APPLIED FLUID MECHANICS II-A & II-B US: CLASS Il SERIES SYSTEMS

Objectlve Volume flow rate __Method II-A: No minor losses
’ 25 ‘ _ |Uses Equation 11-3 to find maximum allowable volume flow rate

_{to maintain desired pressure at point 2 for a given pressure at point 1

Energy loss: h, = 23.08 ft
Iu:d Propertles ) Water at 60F May need to compute v="n/p
_ Specific wei bt = . a2 49 Ib/ft3 . Kinematic viscosity = 1.21E-05 /s
Plpe data 3-in coated duct:le iron plpe
Diameter: D= ,O 07975#
{ &= 160E 04
th:L=  100ft |Results: Maximum values
Area: A = 0.00500 ft* Volume flow rate: Q = 0.03332 ft*/s  Using Eq. 11-3
D/ = 531.667 Velogcity: v = 6.67 fi/s
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APPLIED FLUID MECHANICS

IlI-A & 1lI-B US: CLASS Il SERIES SYSTEMS

: "‘1“~"~'\/Elevat/@n at pomt:z B
Allowable Energy Loss: hL- 2717 ft

Method IlI-A: Uses Equation 11-8 to compute the

Objective: Mlmmum plpe dlameter e

hat will flow a given volume flow rate of fluid
with a limited pressure drop. (No minor losses)

inimum size of pipe of a given length

Volume flow rate: Q= ’0 22272 ftals,y -

FIu:d Propertles Gasolme at 77F o

Intermedlate Results/m Eq 11 -8:
L/gh, =0.137164

Argument in bracket: 9.52E-16
Final Minimum Diameter:
Minimum diameter: D= 0.1655 ft

fethod Iil-B: Use results of Meth

Speczfy actua! dfameter fnc[ude rh ,
hen pressure at Point 2is comuted L

823" fbr Vah)e —

Additional Pipe Data:
Flow area: A = 0.02332 ft’
Relative roughness: D/e = 1149
L/ID = 696
Flow Velocity = 9.55 ft/s
Velocity head = 1.417 ft

Reynolds No. = 3.62E+05
Friction factor: f=  0.0200

, 9 56 ftls
. Veloctty\a,t po,mt,z = 955ftls
Vel. head at point 1 = 1.417 ft
Vel. head at point 2 = 1.417 ft
Results:
Given pressure at point 1 = 108 psig
Desired pressure at point 2 = 100 psig
Actual pressure at point 2 = 102.18 psig
(Compare actual with desired pressure at point 2)

Energy losses in Pipe: K Qty.

_ Eloment 8: ¢

SERIES PIPE LINE SYSTEMS

Plpe Fr/ct/on K, = f(L/D) = 13 94 1

Energy loss hy 4 = 19.75 ft
Energy loss h;, = 0.00 ft
Energy loss h;3; = 0.00 ft
Energy loss hy 4 = 0.00 ft
Energy loss h;s = 0.00 ft
Energy loss h s = 0.00ft
Energy loss h,; = 0.00 ft
Energy loss h; 4 = 0.00 ft
Total energy loss h . = 19.75 ft
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1127 ClassI Q=475 L/min (1 m*/s/60000 L/min) = 7.917 x 10°m’/s
Pt. 1 at reservoir surface; Pt. 2 at pump inlet. p, =0, v; =0

p v p v v;
Bz +bh ="z, 42 |p=Y (z,~zz)—§~~h,l @
4 2g Y 2g g
-3_.3 2 2
_ 2: 7917 %10 3m /28=2.56m/s: i)z_:w: 0335 m
A 3.090x107 m 2g  2(9.81)
2 2 2 2
hy = U—2+(0.Ol95)—9'9—02—22—+(0.018)(2)(30)32«+(0.018)(340)-Ul =4.09m
2g 0.0627 m 2g 2g 2g
Entrance Friction 2 Elbows Valve
Np= PR _@30N00627) _ 4 g5 B2 00627 1363 1, 1= 0.0195
v 3.60x10 g 4.6x10
fr=0.018

L=115m+140m=1290m
z1—2=0.75m-140m=0.65m

In Eq©

o= 23 KN 065 m - 0.335 m — 4.0 m] = -48.4 kPa
m

11.28 Design problem with variable solutions: Pressure at pump inlet can be increased by: lowering
the pump, raising the reservoir, reducing the flow velocity in the pipe by using a larger pipe,
reducing the /; in the valve by using a less restrictive valve (gate, butterfly), eliminating elbows
or using long-radius elbows, using a well-rounded entrance, and shortening the suction line.

11.29 Class I Pt. B in stream outside nozzle. py =0

2 2 3
.19_A_;_ZA—}...lzgi—‘hL—{-hA:£]é~-{—ZB~+——;)i UAZZQ'*: '(‘)‘(2()—55—(:—;‘t2—/f§t*2‘:9743ﬂ/5
Y g 4 4 4 .
2,2 2 2
hA —(ZB ZA)+ UB2 O '”Eé_'*'hL %z—————(zg(z;l:;)) ft=1.4741t
g e g .
=L =00 5pogys
In 2 1/2-in discharge line: 4, =(1.3/12)"
4
o, =L =90 _i5031us v?
A, 0.03326 §—=45.7ft
g
2 2
%:%:3_509 fi LGOI o slugs
g 2622) g 322f T f
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N = bDp _(15.03)(0.2058)(1.988)
K 40x107°
D/e=0.2058/1.5 x 10* = 1372 — f= 0.0205; f=10.018

=1.54x10°

hy = (0.0205)— 21 (3 500) +0.018(30)(3.509) + 32.6(3.51 ft) = 144.8 ft

0.2058 ft
Friction Elbow Nozzle

(-3.50 Ib)ft* 144 in®

in? 64.0 Ib ft*
Power = P, = h,yQ = (276.9 ft)(64.0 Ib/ft*)(0.50 £t*/s)1 hp/550 ft-Ib/s = 16.1 hp
Input power = Py = P,/e;; = (16.1 hp)/0.76 =21.2 hp = P,

Then 2, =80 ft +45.7 ft — 1.474 ft — +144.8 {t=276.9 ft

11.30 Class 1 See Problem 11.29. 3-in Sch. 40 discharge line. fr=0.018
3
Di= Ua=9.743 fiUs: —L=1474 1t

2g
N, - v,Dp _ (9.743)(0.25572(1.988) —1.24x10° -
4 Iu 40 X 10
D _ _()-_2§§,7:4_ =1705; f =0.0205
£ 1.5x10
= (0.0205) 55257 (1.474) + 0.018(30)(1.474) + 32.6(1.474) = 58.5 ft

hy=80+457—-1474+7.875+ 58.5=190.6 ft
Py=hyQ=(256.8)(64.0)(0.50)/550 = 11.1 hp
Input power = P;= P /ey, = (11.1 hp)/0.76 =14.6 hp = P,

11.31 ClassI Pt. B outside pipe. pp =0, Ug = Ua.

2 2

p—A+2A M/ L =~p—B—+zB +_U£;pA :7[(zB ——ZA)+]’IL]
7 2g 2g
v’ 27.5m v’ v’ v’
h=f{(340)—+ [ ———— et £ (30)—=| f(672)+ [, (370)]—
L=l )2g f0.0409m2g S ( )2g [/(672) + £,.( )]2g
Valve Friction Elbow
- 3 2 2
b= Q_ 200L/‘r%r311n2 1 m’/s = 254ms: v (2.54) ~0328 m
A 1.31x107 m” 60000 L/min 2g  2(9.81)
Np= gzw:I%xlO“: 2:——0—9&(—)2_; = 889: f=10.0235
v 1.30x10 e 4.6x10
Jfr=0.021
Then &, = [(0.0235)(672) + (0.021)(370)](0.328 m) =7.73 m
PA= 9'813kN [25m + 7.73 m] =321.1 kPa

m

See spreadsheet on page 167 for solution to Problem 11.31 using the spreadsheet I Pressure SI.
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Problems 11.32 and 11.33 are solved using the spreadsheet on the following two pages. These
problems are of the Class II type and are solved using the procedure described in Section 11.5.
Method II-B is used because the system contains significant minor losses. In fact, one objective of
these two problems is to compare the performance of two design approaches for the same system,
using a different, more efficient valve in Problem 11.33 as compared with Problem 11.32.

Recall that Method II-A is set up and solved first in the spreadsheet. This ignores the minor losses and
gives an upper limit for the volume flow rate that can be delivered through the system with a given
pressure drop or head loss. Then, Method II-B is used iteratively to hone in on the maximum volume
flow rate that can be carried with the minor losses considered. The designer enters a series of
estimates for the value of Q and observes the resulting pressure at the outlet from the piping system.
Obviously this pressure for this problem should be exactly zero because the pipe discharges into the
free atmosphere. Each trial requires only a few seconds to complete and the designer should continue
making estimates until the pressure at the outlet is at or close to zero.

Problem 11.32 shows that Q = 0.00283 m’/s (170 L/min) can be delivered through the given system
with a fully open globe valve installed and with a pressure of 300 kPa at point A at the water main.

In Problem 11.33, the globe valve is replaced with a fully open gate valve having much less energy
loss. The result is that O = 0.003394 m*/s (204 L/min) can be delivered with the same pressure at
point A. This is approximately a 20% increase in flow. Also, it is only about 3% less than the flow
that could be delivered through the pipe with no minor losses at all, as shown in the results of Method
11-A at the top of the spreadsheet.
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APPLIED FLUID MECHANICS

I Pressure SI:

CLASS | SERIES SYSTEMS

Objectlve Pressure Pomt2\
Problem 11.31 .

Fig 1127
S stem Data

Volume flow rate Q= 3.33E-03 m_ /

Pressure at pomt 1=

320 58
Pressure at pomt 2= - (

Velac:ty at pomt 1=
Velocity atpoint2= 2. 537
Iu:d Properties Water at

Seatr"c wei ht -

2,637

Reference pomts for the energy equatlon

kPa , »
s i Re,.;p.xs:m plpe Set v,-,— ]

/s =2
m/s -

Vel head at point 1 =0. 328084 m
Vel head at point 2 =0.328084 m

1OC May need to compute V= n/p \

Length L= m
Area: A =1. 31E 03 m? Area: A =7.54E-03 m° [A= nD2/4]
Dl = 889 Dle = 65313 Relative roughness|
L/D = 672 L/D = 0
Flow Velocity = 2.537 m/s Flow Velocity = 0.4422 m/s [v = Q/A]
Velocity head =0.328084 m Velocity head = 0.0100 m
Reynolds No. =7.98E+04 Reynolds No. =3.33E+04 [Ng = vD/v]
Friction factor: f= 0.0233 Friction factor: f=  0.0228 Using Eq. 8-7
Energy losses-Pipe 1: K Qty.
Pipe: K; = f(L/D) = 15.64 1 Energy loss h ; = 513 m Friction
Elbow: K;= 063 1 Energy loss h;, = 021 m (fr =0.021)
Globe Valve: 714 1 Energy loss h.; = 234m (fr =0.021)
Element 4: 1 Energy loss hy 4 = 0.00m
Element 5: ‘if‘* ﬁ 1 Energy loss h; s = 0.00m
Element 6: ).00 1 . Energy loss h ¢ = 0.00m
Element 7:K;=  0.00 Energy loss h,; = 0.00m
Element 8: Kg= Energy loss h; s = 0.00 m
Energy losses-Pipe 2: .
Pipe: K; = f(L/D) = 0.00 1 Energy loss h,; = 0.00 m Friction
Element2: K;= 000 1 Energy loss h;, = 0.00m
Element 3: Ky = doo ¢ Energy loss his=  0.00m
Element 4: K, = 0.00 g Energy loss h4 = 0.00 m
Element 5: Ks = 000 1 Energy loss h,5 = 0.00 m
Element 6: Ks = . OOO 1 Energy loss h.s = 0.00 m
Element7: K, = O.DO 1 Energy loss h,; = 0.00 m
Element 8: Kg = 000 1 Energy loss h.s = 0.00 m
Total energy 108s h; o = 7.68 m
Results: Total change in pressure = -320.58 kPa
Pressure at target point:  320.58 kPa

SERIES PIPE LINE SYSTEMS

167




APPLIED FLUID MECHANICS CLASS li SERIES SYSTEMS
Objective: Volume flow rate Method II-A: No minor losses
roblem 11. 32 . |Uses Equation 11-3 to estimate the allowable volume flow rate
Fi fure 1 o7 ... _ lto maintain desired pressure at point 2 for a given pressure at point 1
, SI Metnc Umts

‘) Results: Maximum values
Area: A = 0. 00131 m? Volume flow rate: Q = 0.0035 m®/s
D/e= 889.13 Velocity: v = 2.66 m/s

Volume flow rate: Q = 0.00283 m*/s
Given: Pressure p; = 300 kPa

Pressure p, = 0.00 kPa
NOTE: Should be > 0 kPa »

CLASS ] SERIES SYSTEMS '

Addltlonal Pipe Data:
LD = 672

Flow Velocity = 215 m/s

Velocity head = 0.236 m

- m/s ‘[~->~ If velocnty ls in plpe
. 215 m/s |--> Enter "=

Reynolds No. =6.76E+04 Vel head at ponnt 1 = 0.236 m
Friction factor. f= 0.0237 Vel. head atpoint2=  0.236 m
Energy losses in Pipe 1: K Qty.

; Pipe: K; = f(L/D) = 15 91 1 Energy loss h. 4 = 3.75 m Friction

1 std elbows Kz = 083 1 Energyloss h,=  0.15m

. 714 1 ; Energy loss h;; = 1.68 m

] ~ 0'.‘;00, . Energyloss hs=  0.00 m

- 000 1 j Energy loss h.s = 0.00 m

- 0o 1 Energy loss his=  0.00 m

| Hemenizik - 000 1 Energy loss h; = 0.00m

 Element8:Ks=  0.00 1 Energy loss hig=  0.00 m

Total energy loss hy i = 5.58 m
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APPLIED FLUID MECHANICS

CLASS Il SERIES SYSTEMS

Objectlve Volume flow rate

Energy loss: h; =

5.58

Method II-A: No minor losses

:5 |Uses Equation 11-3 to estimate the allowable volume flow rate
0 mamtaln desired pressure at point 2 for a given pressure at point 1

" u\‘S\‘c-}cn*"c’wez’hzf'= 981

Area A= 0 00131
D/e =

889.13

m
Iurd Properties: , May need to compute v= n/p
- kN/m  Kinematic viscosity = 1.30E-06 m*/s

Results: Maximum values
Volume flow rate: Q =
Velocity: v =

0.0035 m%/s
2.66 m/s

m

Addltlonal Plpe Data.

'olume flow rate: Q =0003394m3/s = 203.6 L/min
300 kPa
0.01 kPa

0 kPa

Given: Pressure p; =
Pressure p, =
NOTE: Should be >

D= 672 .
Flow Velocity = 2.58 m/s - > If velocity is in pipe;
Velocity head =  0.340 m Velecnty at pcnnt 2 = 2 58,m/s;,. -> Enter "=B24"
Reynolds No. =8.13E+04 VeI head atpoint1 = 0.340 m
Friction factor: f= 0.0232 Vel. head atpoint2= 0.340m
Energy losses in Pipe 1: K Qty.
Plpe K, = f(L/D) = 15.61 1 Energy loss h;; = 5.31 m Friction
SIbov 06 Energy loss hi; = 0.21m
Gate valve Ks = Energy loss hy 3 = 0.06 m
’"Element 4 K4 = Energy loss hy, = 0.00 m
 Element 5: Ke= 000 Energy loss his =  0.00m
, "f'fE;emem 6:Ke= 000 Energy loss his=  0.00 m
Element 7K, i Energy loss h,; = 0.00m
_ Element8: K= 0.0 Energy loss hig= _ 0.00m
Total energy 0SS hy = 5.58 m

SERIES PIPE LINE SYSTEMS
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11.34 Class I Pt. 1 at surface of tank A; Pt. 2 outside pipe in tank B. v, =0
2 2 U2
El—+z1 +U—1—h,4 =Py z, + 22 P =D, Jr)/[(z2 —zl)+——2—+h,l D
Y 2g 4 2g 2g
2 2
O B8 _gguun

. 3
0y = QZZSOgaI/ml?_ 1ft'/s 2387 s
A 0.02333 ft* 449 gal/min 2g  2(322)

_vDp _ (23.87)(0.1723)(1 .53) ~3.00%10° :

N

T 2.10x107

2:%:1149—>f=0.0205

& 1.5x10
2 2 2 2

By = o.sﬁ+Jg,(160)92—+2ﬁ,(30)32—+f(-1—1—0i)91: £=0.019
2g 2g 2g 0.1723 ft j2g
Entr.  Valve 2 Elbows Friction

2
By = g_z_ [4.68 + 638f] = 8.844 ft[4.68 + 638(0.0205)] = 157.1 ft

2
©  p =400 psig+ 492} lb[ZOft+8.844ft+157.1ft]1i:tin2 =103.3 psig
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APPLIED FLUID MECHANICS /l-A & lI-B US: CLASS Il SERIES SYSTEMS
Objectlve Volume flow rate Method lI-A: No minor iosses

s lem 11 35 ’ - !ingses Equation 11-3 to find maximum allowable volume flow rate
Fial , ko maintain desired pressure at point 2 for a given pressure at point 1
System Data US Customary Unlts

_ Pressure at px:amt 1 = Elevation at point 1=
Pressure at - tpoint 2=

229.74 ft
Ethyl Alcohol -77F
0 ' Kinematic viscosity :

May need to compute v="n/p
y = 1.37E-05 /s

. . Diameter: D= |
Wall roughness: & =

tength. L = 1 1 0 #t  |Results: Maximum values
Area: A = 0.02332 ft? Volume flow rate: Q = 0.7981 ft¥s  Using Eq. 11-3
Dfe = 1148.67 Velocity: v= 34.23 ft/s

CLASS Il SERIES SYSTEMS

Method Il-B: Use results of Metho } IA;
Include minor Iosses; .

olume flow rate: Q = 65990 ft'/s = 296.3 gal/min
Given: Pressure p; = 125 psig

Pressure p; = 40.1 psig
NOTE Should be >

Addltlonal Plpe Data
L/ID = 638
Flow Velocity = 28.30 ft/s
Velocity head = 12.438 ft -
Reynolds No. = 3.56E+05 Vel. head atpoint 1 =
Friction factor: f = 0.0200 Vel. head at point 2 = 12.44 ft
|[Energy losses in Pipe: K Qty.

Pipe: K; = f(L/D) = 12 79 1 ) Energy loss h,; = 159.05 ft Friction
Elbo P Energy loss h, = 14.18 ft fr=0.019
Energyloss hi;=  37.81ft f=0.019

1 Energy loss hy 4 = 6.22 ft

1 Energy loss hy 5 = 0.00 ft

1 Energy loss h.s = 0.00 ft

 Element 7. K; - . 800 Energy loss h;7 = 0.00 ft

_ Element8:Ks= 000 1 Energy loss hys = 0.00 ft

Total energy loss hyyy = 217.26 ft
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APPLIED FLUID MECHANICS II-A & II-B US: CLASS Il SERIES SYSTEMS
Objectlve Volume flow rate Method lI-A: No minor losses
- . \ ﬂ/f'f Uses Equation 11-3 to find maximum allowable volume flow rate
o malntam desired pressure at point 2 for a given pressure at point 1

Pressure at pomt i= . ’
Pressure at point 2 -
229.74 ft

) Ethyl Alcohol 77F

It

Energy loss: h,
FIu:d Propertles

, May need to compute v= n/p

|Results: Maximum values
Volume flow rate: Q@ =  0.7981 ft*/s  Using Eq. 11-3
Velocity: v = 34.23 ft/s

Length L= ,
Area: A = 0. 02332 ft2
D/ = 1148.67

Volume flow rate: Q =

CLASS 1] SERIES SYSTEMS
Given: Pressure p; = 125 Psig

Method II-B Use results of Method IIA
lnclude mmor losses; - Pressure p,=  40.00 Psig
then pressure at Point 2 is comuted NOTE: Should be > 40 Psig
Additional Pipe Data: / nuust est:mate far Quntilp,
LID = 638 is equal or greater th

Flow Velocity = 3086 ft/s |  Velogity at po ,.

Velocity head = 14.790 ft _ Velocity at point2 = 5

Reynolds No. =  3.88E+05 VeI. head at point 1 = 0.00 ft

Friction factor: f= 0.0200 Vel. head at point 2 = 14.79 Ft
Energy losses in Pipe: K Qty.
Energy loss h ;= 188.44 ft Friction

Plpe K7 = f(L/D) =
e : : Energy loss h; = 16.86 ft fr=0.019

Energy loss h 3 = 225t fr=0.019
Energy loss hy4 = 7.40 ft
- : Energy loss h;s = 0.00 ft
o Element 6 Ks = Energy loss hs = 0.00 ft
";Element 7 ,K,-— _ Energy loss b= 0.00 ft
__Element 8 Ki= Energy loss h;s = 0.00 ft

Total energy loss hy; =  214.95 ft
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IAPPLIED FLUID MECHANICS lI-A & 1I-B US: CLASS Il SERIES SYSTEMS

Objectlve Volume ﬂow rate \ Method lI-A: No minor losses
Op . - lUses Equation 11-3 to find maximum allowable volume flow rate

o malntam desired pressure at point 2 for a given pressure at point 1

. Efevatlon at po;m 1 ey
 Elevation at point 2 =

Energy loss: h,_ = 229.74 ft
Ethyl Alcohol -77F

May need to compute V= T]/p o

- Results: Maximum values
Area A= 0 02332 ft? Volume flow rate: Q = 0.7981 ft*/s  Using Eq. 11-3
D = 1148.67 Velocity: v= 34.23 fi/s

Volume flow rate: Q= 0.72870 £’

CLASS Il SERIES SYSTEMS __| -

Given: Pressure p; = 125 Psig
Pressure p,=  40.01 Psig

NOTE: Should be > 40 P5|g

Addmonal Plpe Data: A djust estlmate‘ far Q unt:l,pz
LID = 638 : , ,
Flow Velocity = 31.25 ft/s Velo oint1= 0 '»vetoclty is m ptpe
Velocity head = 15.167 ft Velocityatpoint2= 3125 fils - =B24
Reynolds No. =  3.93E+05 Vel. head at point 1 = 0.00 ft
Friction factor: f= 0.0199 Vel. head atpoint2=  15.17 Ft
Energy losses in Pipe: K Qty.
Pipe: K, = f(L/D) = 12.73 1 Energy loss h ;= 193.14 ft Friction
LongR Elbows Ko = . D3 ' Energy loss h,= 1153 ft fy = 0.019
1€ Energy loss h;; = 231t =0.019
Energy loss h 4 = 7.58 ft
Energy loss h.s = 0.00 ft
. nent 6 Energy loss hy s = 0.00 ft
Z\E‘lément?.‘ K.= Energy loss h; = 0.00 ft
Element 8: Ky = Energy loss hg = 0.00 ft

Total energy loss hyy = 214.56 ft
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APPLIED FLUID MECHANICS

1I-A & 1I-B SI: CLASS Il SERIES SYSTEMS

Objectlve Volume flow rate

Method II-A: No minor losses
 |Uses Equation 11-3 to estimate the allowable volume flow rate
' 0 mamtaln desired pressure at point 2 for a given pressure at point 1

Energy loss: h =

21.92m

0.008219 m?
Die= 2224

Iu:d Propertles Water at 15C

May need to compute v="n/p ‘

. Results: Maximum values
Volume flow rate: Q = 0.0412 m¥/s Using Eq. 11-3
Velocity: v = 5.02 m/s

= 1.15E-06 m*/s

CLASS Il SERIES SYSTEMS

iressure at Pamt 2 is com,

Addltlonal Pipe Data:
LD = 978
Flow Velocity = 4.22 mfs

Velocity head = 0.908 m

__ NOTE: Should be >

Velocity at pomt 2=

 Volume flow rate: Q = 0.034690 m’/s
Given: Pressure p; = 415 kPa

Pressure p, = 200.07 kPa
200 kPa

422mis ;~~> Entér "=B24"

Reynolds No. =3.75E+05 Vel head at point 1 = 0 000 m
Friction factor: f= 0.0178 Vel. head at point 2 = 0.908 m
Energy losses in Pipe: K Qty.
. P/pe Ky = f(L/D) = 1 Energy loss hy; = 15.75 m Friction
 Globevalve: K= o Energyloss ho=  525m fr=0.017
/ Enz‘rance K= 0 7 Energy loss hy3 = 0.00 m
Element4: K;= 0. 0 01 Energy loss h,4 = 0.00 m
Element5 K5 ; 1 Energy loss h; s = 0.00 m
Eiement 6 Ka = 7 Energy loss h.¢ = 0.00 m
__E ; ; 1 Energy loss h.7 = 0.00 m
= Element 3 Ka = 000 t Energy loss hyg = 0.00 m
Total energy loss hy = 21.00m
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APPLIED FLUID MECHANICS II-A & 1I-B SI: CLASS |l SERIES SYSTEMS
Objectlve Volume flow rate  |Method li-A: No minor losses
o ~ |Uses Equation 11-3 to estimate the allowable volume flow rate
0 maintain desired pressure at point 2 for a given pressure at point 1

, Pressure:,a/tpoin/t/‘l -
__Pressure atpoint2=

i

Energy loss: hy
Fluid Properties:

_|Results: Maximum values
Volume flow rate: Q=  0.0412m%s  Using Eq. 11-3
Velocity: v = 5.02 m/s

 Area: ’A =0.008219 m?
D/e=2223.913

 Volume flowr, 0 0 )
Given: Pressure p; = 415 kPa
Pressure p, = 200.07 kPa

CLASS Il SERIES SYSTEMS

Method II-B: Use 1 results of Method 114;
Inc!ude minor losses; .

then pressure at Point 2 is comuted ; Should be > 200 kPa
Additional Pipe Data: -
L/ID = 978
Flow Velocity = 4.22 m/s
Velocity head =  0.908 m . 22 mis
Reynolds No. =3.75E+05 Vel. head at pomt 1 = Q. 000 m
Friction factor: f= 0.0178 Vel. head atpoint2= 0.908 m
Energy losses in Pipe: K Qty.
Plpe K, = f(L/D) = 17 35 1 Energyloss h ;= 15.75m Friction
 Globe val . 5798 1 Energy loss h,=  525m f;=0.017
Energy loss h;=  0.00 m
Energy loss hy 4 = 0.00m
Energy loss h; 5 = 0.00 m
Energy loss hi 6 = 0.00 m
Energy loss h; 7 = 0.00m
Energy loss h s = 0.00m
Total energy loss hy; = 21.00m
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APPLIED FLUID MECHANICS 1I-A & II-B SI: CLASS Il SERIES SYSTEMS

Objectlve Volume flow rate Method lI-A: No minor losses
ble . ~ |Uses Equation 11-3 to estimate the allowable volume flow rate

o maintain desired pressure at point 2 for a given pressure at point 1

Energy loss: h; = 21.92m
FIurd Propertles , Water at 150

 |Results: Maximum values
Volume flowrate: Q= 0.0746 m%s  Using Eq. 11-3
Velocity: v = 5.78 m/s

 Length:L= n
Area: A =0. 012908 m?
D/ =2786.957

_ Volume flow rate: Q= 0.060570 m*%/s
Given: Pressure p; = 415 kPa

Pressure p, = 200.04 kPa
NOTE Should be> 200 kPa

CLASS Il SERIES SYSTEMS ;
Mefhod II-B Use results of Meth@d A

Addmonal Plpe Data

LID = 780 -
Flow Velocity = 4.69 m/s - , > If velocity i is in pnpe
Velocity head =  1.122m . Velocnty at point o= 4 69 m/s |-> Enter "=B24"

Reynolds No. =5.23E+05
Friction factor: f= 0.0168
[Energy losses in Pipe: K Qty.

Pipe: Ky =1/D) = 1300

Vel. head at point 1 = 0 000 m
Vel. head atpoint2= 1.122m

Energy loss h;; = 14.69 m Friction

” G[Gbe.valve K= 5;440%}5 Energyloss hi,=  6.10m fr=0.016
- Entrance K:= 000 ‘ ? Energy loss h;;=  0.00m
Element4:K,= 000 Energy loss his=  0.00m
' Element 5 K5 = 000 Energy loss h;s=  0.00 m
= Energy loss h;s = 0.00 m
. F K 0060 1 Energy loss h 7 = 0.00 m
. f;,g;EIement 8 Kg = OOO Energy loss hy g = 0.00 m

Total energy l0ss hy;r =  20.79m

176 Chapter 11



APPLIED FLUID MECHANICS II-A & 1I-B SI: CLASS Il SERIES SYSTEMS

Objective: Volume flow rate Method H-A: No minor losses
Problem 11.41 - Uses Equation 11-3 to estimate the allowable volume flow rate

Figure 11.29-5 in pip k 77?; 0 malntam desired pressure at point 2 for a given pressure at point 1

Energy loss: hy =  21.92m
Iuid Properties __ Water at 15C
S ec;flc we:y tht=  9.81 kN,

Ma need to compute v=n/p
' ty = 1.15E-06 m’/s _

Lengt . |Resuits: Maximum values
Area: A =0. 012908 m? Volume flow rate: Q= 0.0746 m%s  Using Eqg. 11-3
D/e =2786.957 Velocity: v = 5.78 m/s

Volume flow rate: Q = 0.069810m”s
Given: Pressure p; = 415 kPa

Pressure p, = 200.03 kPa
NOTE Shouldb > 200 kPe

CLASS Il SERIES SYSTEMS
* ults ¢ fMethod HA

1en pressure at Boint 2 is computed
Additional Pipe Data:

LID = 780 \
Flow Velocity = 5.41 m/s = , iny
Velocity head =  1.491m = 541 m/s |-=> Enter, =pg24"

Vel head at pomt 1 0.000 m
Vel. head atpoint2= 1.491m

Reynolds No. =6.03E+05
Friction factor; f= 0.0166
Energy losses in Pipe: K Qty.

Plpe K1 =filD)= 1298 1 Energy loss h; = 19.35m Friction

Butferﬂy valve: Kg = 0 720‘ 1 Energy loss h,= 1.07m f;=0.016
Entrance K= O 1 Energy loss ;= 0.00 m
- Efem@,nt 4 K= 1 Energy loss hys,= 0.00 m
 Elemer 1 Energy loss h;s=  0.00 m
1 Energy loss h;s= 0.00m
1 Energy loss h;;=  0.00 m
1 Energyloss hs= 0.00 m

Total energy loss hy = 2042 m
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11.42 ClassI Note: Pump delivers 1.0 in*/rev
_10in’ L 2100 rev ft’  min
rev min 1728in’ 60 s Py=Py=0
=0.0203 ft'/s 40
2 2
oz +—lﬁ—~hL +h, =£‘~+z2 + 22
7 2g y 2¢g

2
v 1

n—z1=hy—h, ~ —
2

g

Power=P,=hyyQ and e = %
7

Then P, = eP; = (0.75)(0.20 hp) ﬂ}%ﬂ’fﬁ = 82.5 ft-Ib/s
p

B P, 82.5 ft-1b/s

yQ (62.41b)(0.0203 ft’
[ ft’ )( s )

= Q_ 0.0203 ftZs — 6.60 fUs: v* _(6.60)’

A 7(0.0625ft)* /4 2g  2(32.2)
100
0.0625
vD _ (6.60)(0.0625)

v 1.21x107°
zy—z; = 65.27 ft — 24.36 ft — 0.677 ft = 40.2 ft

=65.27ft

=0.677 ft

2
hy= fé—u— =(0.0225) (0.677 ft) =24.36 ft
D2g

Np= =341 x 10* > f=0.0225 (Smooth curve)
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APPLIED FLUID MECHANICS HI-A & Ill-B US: CLASS lll SERIES SYSTEMS
Objective: Minimum pipe dlameter , ethod lll-A: Uses Equation 11-8 to compute the
Pmbiem 11 3 and 115.44 Iminimum size of pipe of a given length
Fi , ; __{that will flow a given volume flow rate of fluid
with a limited pressure drop. (No minor losses)
, FIu:d Propertles Water at 60F
. Spec:f" C we:ght = ’
 Kinematic Viscosity =1. 215» 5 ft “ Q ;
Intermediate Results in Eq. 11-8:
L/gh, =0.880858
Argument in bracket: 2.18E-08
Final Minimum Diameter:
Minimum diameter: D= 0.3259 ft

80 pstg -

,O\ﬁ .

_ Elp atzen at pomt, =

Allowable Energy Loss: h, - 21 15 ft ,
Volume flow rate: Q= 0.5ftYs

. Length of pzpe L= 600ﬁ -

Pipe wall roughness: & = 1. 505-04, .

MCLAKSS III SERIES SYSTEMS

i e, enter "-323" for value
Al 5 66 ftls

Velocity at po

Additional Plpe Data. F t2= 5 66 ft/s
Flow area: A= 0.08840 ft* Vel. head at point 1 = 0.497 ft
Relative roughness: D/e = 2237 Vel. head at point2 = 0.497 ft
LD = 1788 Results:
Flow Velocity = 5.66 fi/s Given pressure at point 1 = 80 psig
Velocity head = 0.497 ft Desired pressure at point 2 = 60 psig
Reynolds No. = 1.57E+05 Actual pressure at point 2 = 60.80 psig
Friction factor: f=  0.0191 (Compare actual with desired pressure at point 2)
Energy losses in Pipe:
Energyloss h.; = 16.98 ft

Plpe Fnctlon K, = f(L/D) =
' \ G‘ate valve‘ K2 =

i

0.07ft fr=0.017
038ft fr=0.017
0.76 ft fr=0.017

Energy loss h;»
Energy loss h;
Energy loss h 4

Std 45 dog efbaws K - - o

2 Energy loss hys= 027 ft fr=0.017

Swmg type chk valve: Ks= 1700 1 Energy loss hjs=  0.84ft f;=0.017
Element7: K;= = 000 1 Energy loss h,; = 0.00 ft
_Element 8: Ky= o Energy loss hs = 0.0 ft

Total energy loss hyr = 19.30 ft

NOTES:
Problem 11.43 answer is the result of the top portion for Method llI-A solution.
Dmin = 0.3259 ft. Standard 4-in Schedule 40 steel pipe is closest standard size; D = 0.3355 ft.

Problem 11.44 answer is the result of the bottom portion for Method lli-B solution.

Pipe size is set to 0.3355 ft for the 4-in Schedule 40 steel pipe. With minor losses considered,
the pressure at point 2 is 60.80 psig, greater than the desired 60.0 psig. Therefore, it is
satisfactory.
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APPLIED FLUID MECHANICS

l-A & lI-B US: CLASS lll SERIES SYSTEMS

Objective: Minimum pipe dlameter
Problem 11.45 Class Ill-A andlll-B
\Water at 60F . .
System Data SI Metrlc Unlts

A!Iowable Energy Loss hL =

[5 Le ngth of ptpe L =

 |Method lllI-A: Uses Equation 11-8 to compute the

that will flow a given volume flow rate of fluid

inimum size of pipe of a given length

with a limited pressure drop. (No minor iosses)

12221t
Volume flow rate: Q = 0, 08969 ﬁals -

Spébtfy actua! dramétér Include mmor S5

Fluld Propertles, Water at 60F

Intermedlaté ’Résults in EqK 11-8
L/gh =0.140592

Argument in bracket: 6.06E-20
Final Minimum Diameter:
Minimum diameter: D= 0.1124 ft

pressure at Point 2is computed.
Additional Pipe Data:
Flow area: A = 0.01414 ft?

Relative roughness: D/e = 134200
L/D = 412
Flow Velocity = 6.30 ft/s
Velocity head =  0.616 ft

Reynolds No. =6.99E+04

. ,\,/elocny, at pqmtzr ; .
Vel head at point1 =  0.616 ft
Vel. head atpoint2=  0.616 ft
Results:
Given pressure at point 1 = 15 psig
Desired pressure at point 2 = 0 psig
Actual pressure at point 2 = 2.13 psig

P/pe Frlctlon K, = f(L/D) = 7.96

- Element Kﬁ &
Eiement? K=
 Element 8: Ko =

180

Friction factor: f= 0.0193 (Compare actual with desired pressure at point 2)
Energy losses in Pipe: K Qty.
Energy loss h ; = 4.90 ft

1

Energy loss h;, =
Energy loss h3

0.92 ft (fr = 0.01est)
1.48 ft (fr = 0.01est)

Energy loss h 4 = 0.00 ft
Energy loss h;5 = 0.27 ft
Energy loss h;g = 0.84 ft
Energy loss h,7 = 0.00 ft
Energy loss h;g = 0.00 ft
Total energy l0ss hy o = 7.31ft
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APPLIED FLUID MECHANICS

I Power US: CLASS | SERIES SYSTEMS

Objectlve Pum ower _

System Data: ‘
Volume ﬂew rate: Q= 0. 08909 ft3/s
Prees e at pamt"l = 0 sig

Veloc:t at point 2=
FIUId Properties:

Secmc welfht = 62 40 Ib/ft3

Reference pomts for the energy equatlon

U.S. Customar Umts

OOOft
0.62 ft

) Vel‘ head, at/pom‘t1 =
Vel head at point 2 =

Water at 60F

May need to compute: V= n/p

0.78540 2

Area: A= 0.01414 &2 Area: A = [A = nD%4]
Dfe = 134200 Dfg = 6667 Relative roughness
L/D= 412 L/ID = 0
Flow Velocity = 6.30 ft/s Flow Velocity = 0.11ft/ls  [v=Q/4]
Velocity head = 0.616 ft Velocity head = 0.000ft [v2/2g]
Reynolds No. =6.99E+04 Reynolds No. = 9.37E+03 [Nr = vDNV]
Friction factor: f= 0.0193 Friction factor: f=  0.0318 Using Eq. 8-7
|[Energy losses-Pipe 1: K Qty.
Pipe: K; = 796 1 Energy loss hy; = 4.90ft
Ball check value: K, = - " - Energy loss hy, = 0.92ft [fr=0.010 assumed]
Std. elbows: K3 = Energy loss hy 3 = 1.48ft [fr=0.010 assumed]
Element 4: K, = Energy loss hy 4 = 0.001t
Element 5: K5 = Energy loss hy 5 = 0.001t
Element 6: Kg = Energy loss hs = 0.001t
Element 7: K; = Energy loss h; 7 = 0.00ft
Element 8: Kg = Energy loss hy s = 0.00ft
|Energy losses-Pipe 2: .
Pipe: K; = 8.16 1 Energy loss hy; = 0.00 ft
Elbow: K= 054 : Energy loss h,, = 0.00 ft
Nozzle: . 3960 1 Energy loss h,; = 0.00 ft
Element 4: | Energy loss h.4 = 0.00 ft
Element 5: 1 Energy loss h; s = 0.00 ft
Element 6: - . Energy loss hy = 0.00 ft
Element 7: K; = 00 1 Energy loss h 7 = 0.00 ft
Element8: Kg= 000 1 Energy loss h, 5 = 0.00 ft
Total energy l0ss hy e = 7.31 ft
Results: Total head on pump: hy = 30.3 ft
‘ Power added tofluid: Pa=  0.31 hp
.  Pump efficiency=  76.00 %
Power input to pump: P, = 0.403 hp

SERIES PIPE LINE SYSTEMS
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APPLIED FLUID MECHANICS IlI-A & Ill-B SI:  CLASS Ill SERIES SYSTEMS

Objectlve Mlmmum pipe dlameter _|Method llI-A: Uses Equation 11-13 to compute the
~ £ , . |minimum size of pipe of a given length

|that will flow a given volume flow rate of fluid

_|with a limited pressure drop. (No minor losses)

Fluid Propertles

- Efevatmn at pomt; - im
Elevation atpoint2=  24m
Allowable Energy Loss: hL- 15.00m
kVqume flow rate: Q = 0 025 m%s
 Length of pipe: Ls -
Pipe wall roughness: g = 1. 505:'—06 m

Intermed:ate Results in Eq 11 -13:
L/gh. =0.047571
Argument in bracket: 1.15E-37

Final Minimum Diameter:
Minimum diameter: D= 0.0220 m

; CLASS Il SERIES SYSTEMS _
g ethod III-B Use results of Method ’III~A

he , Ve point 1 - 0.00 m/sff_;
Additional Plpe Data: - elocity atpoint2=  0.00m/s
Flow area: A = 0.000595 m* Vel. head at pomt 1 = 0.000 m
Relative roughness: D/le = 18353 Vel. head atpoint2= 0.000 m
L/ID = 254 Results:
Flow Velocity = 4.20 m/s Given pressure at point 1 = 0 kPa
Velocity head = 0.899m Desired pressure at point 2 = 0 kPa
Reynolds No. = 4.84E+04 Actual pressure at point 2 = 5.74 kPa
Friction factor: f=  0.0211 (Actual p, should be > desired pressure)
Energy losses in Pipe: K Qty.
Plpe Fr/ctlon K1 = f(L/D) = 537 1 Energy loss hy; = 483 m
‘ f 850 1 Energy loss hy, = 7.64m
. 1 Energy loss h; 3 = 0.90 m
Exzt K4 = f . “12;00’,] . 1 . Energy loss h.4 = 0.90 m
o001 Energy loss h.s = 0.00 m
1 Energy loss h.s = 0.00m
Energy loss h;7 = 0.00 m
Energy loss h g = 0.00 m
Total energy loss hy . = 14.27 m
Actual flow rate will be greater than design value —~ See next page
Design Volume flow rate: Q = 0025 m¥s
Design Volume flow rate: Q = 150 L/min
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IAPPLIED FLUID MECHANICS /l-A & II-B SI: CLASS Il SERIES SYSTEMS

Objective: Volume flow rate Method II-A: No minor losses

) Uses Equation 11-3 to estimate the allowable volume flow rate

icohol > to maintain desired pressure at point 2 for a given pressure at point 1
SI Metrlc Umts

May need to compute V= n/p
Kmematlc viscosity

~' Results: Maximum values
Volume flow rate: Q= 0.0047 m%s  Using Eq. 11-3
Velocity: v = 7.87 m/s

Length = 7 :
Area: A =0. 0005953 m?
D/g =18353.333

 Volume fowrate: Q= 0002566 m¥%s
Given: Pressure p; = 0 kPa
Pressure p, = 0.00 kPa

CLASS II SERIES SYSTEMS

\ stre al Poinl NOTE Should be > 0 kPa
additional P:pe Data nate for Quntilp,
LID = 254  greater than desii ;pressure . ' -
Flow Velocity = 431m/s |  Velocityatpoint1= 0.00 mls [-»>!lf etoctty isin pfpe:; ‘
Velocity head = 0.947 m . Velocityatpoint2=  0.00 m/s |--> Enter "=B24" .
Reynolds No. = 4.96E+04 Vel. head at point 1 = 0.000 m
Friction factor: f=  0.0210 Vel. head at point 2 = 0.000 m
|[Energy losses in Pipe: K Qty.
Plpe Ky = f(L/D) = 534 1 Energy loss h;; = 5.06 m Friction
‘ Fllter Kz ~,’ 500 /\ 7;1/ Energy loss h,, = 8.05m
Entrance Ks = { - 068 1 Energy loss hy; = 0.95m
) . 0 1 . Energy loss h, 4 = 0.95m
1 Energy loss hs = 0.00 m
1 Energy loss h.s = 0.00 m
- . Energy loss h;; = 0.00 m
_Element 8: Ks— __ 000 Energy loss hig= _ 0.00 m
Total energy loss hy = 15.00 m

Actual volume flow rate when p, = 0.00 kPa
Actual volume flow rate: Q = 0.002566 m®/s
Actual volume flowrate: Q= 153.93 L/min
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APPLIED FLUID MECHANICS II-A & II-B SI: CLASS Il SERIES SYSTEMS

Objectlve Volume‘flow rate Method li-A: No minor losses
or 148 f’f Uses Equatlon 11 -3 to estimate the allowable volume flow rate

May need to compute
Kinematic viscosity =

- 239E06mYs

_|Results: Maximum values
Volume flow rate: Q=  0.0038 m%*s  Using Eq. 11-3
Velocity: v = 6.42 m/s

Area A =0. 0005953 m?
D/g =18353.333

. Volume flow rate: Q = 0.002121 m's
Given: Pressure p; = 0 kPa

Pressure p, = 0.00 kPa
NOTE' Should be > OkPa

CLASS ] SERlES SYSTVEMS \
Method | B: Use resu! 3 Method HA:

Addmonal Pipe Data
LD = 254 , ’ -
Flow Velocity = 3.56 m/s . jm/‘s J--> lf vatoczty is in pipe:
Velocity head = 0.647 m Velamty at pomt 00 m/s |--> Enter "=B24" |
Reynolds No. = 4.10E+04 Vel. head at point 1 = 0.000 m
Friction factor: f=  0.0219 Vel. head at point 2 = 0.000 m
[Energy losses in Pipe: K Qty.
P/pe K1 = f(L/D) = 557 1 Energy loss h;; = 3.61 m Friction
8500 . 1 Energy loss h;, = 550 m
\’ 100 1 Energy loss h,5 = 0.65m
100 1 Energy loss h,4 = 0.65m
1 Energy loss h.s = 0.00 m
1 Energy loss hs = 0.00m
i Energy loss h;; = 0.00 m
1 Energy loss h; s = 0.00 m
Total energy loss hy o = 10.40 m
Actual volume flow rate when  p, =0.00 kPa
Actual volume flow rate: Q= 0.002121 m%s
Actual volume flow rate: Q= 127.26 L/min
Change from Problem 11.47A: -26.67 L/min
Percent change: ~17.3 %
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IAPPLIED FLUID MECHANICS 1l-A & lI-B SI: CLASS Il SERIES SYSTEMS
Objectlve Volume ﬂow rate Method lI-A: No minor losses
49 -  |Uses Equatlon 11 -3 to estimate the allowable volume flow rate

~ Pressure at point 1
Pressure at D01

Energy loss: hL = 10.87 m
Flu:d Propertles

, . ) |Results: Maximum values
Area A =0. 0005953 m? Volume flow rate: Q= 0.0039 m®/s Using Eq. 11-3
D/e =18353.333 Velocity: v = 6.58 m/s

, te: Q = 0.002170 m’/s = 130.2 Limin
Given: Pressure p; = -32.5 kPa

/CLASSVII SERIES SYSTEMS _ |

Pressure p; = 0.00 kPa

NOTE Should be > ’ 0 kPa

Addmonal Plpe Data:

LID = 254 ’sr \d,p(es‘s‘ﬁure . ~
Flow Velocity = 3.65m/s = _ 0.00 mls f'VBIOCIl’yﬂS in pfpe
Velocity head = 0678m | Velocity at point . 0.00mfs |-> Enter "=B24"
Reynolds No. = 4.20E+04 Vel. head at pomt 1 = 0.000 m
Friction factor: f=  0.0218 Vel. head at point 2 = 0.000 m
Energy losses in Pipe: K Qty.
P/pe K1 —’ f(L/D) = 5 %4 1 Energy loss h;; = 3.76 m Friction
o _ Filt : 8500 1 | Energy loss h;, = 576 m
- 1.00 1 Energy loss hy; = 0.68 m
= 100 1 Energyloss s =  0.68m
. - Energy loss h,s = 0.00 m
Energy loss h;s = 0.00m
Energy loss h; 7 = 0.00 m
Energy loss h; s = 0.00 m
Total energy loss hy . = 10.87 m

Actual volume flow rate when p, = 0.00 kPa
Actual volume flow rate: Q = 0.002170 m*/s
Actual volume flow rate: Q = 130.218 L/min
Change from Problem 11.47A: -23.712 L/min
Percent change: -154%
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IAPPLIED FLUID MECHANICS 1I-A & II-B SI: CLASS Il SERIES SYSTEMS
Objective: Volume flow rate Method II-A: No minor losses

Problem 1150 ~ |Uses Equation 11-3 to estimate the allowable volume flow rate
Figure 11 .31 Propyl alcohol at,ZSC 0 maintain desired pressure at point 2 for a given pressure at point 1
System Data: SI Metric Units

Energy loss: h, =
Iu:d Propertles -
_ Specific we: nte

May need to compute: v=n/p B
 Kinematic viscosity = 2.39E-06 m*/s

7.87kN/m’

1 |Results: Maximum values
Volume flow rate: Q= 0.0047 m®/s Using Eq. 11-3
Velocity: v = 7.87 m/s

Area: A’ 0.0005953 m?
D/e =18353.333

 Volume flow rate: Q = 0.002430 m’/s
Given: Pressure p; = 0 kPa

Pressure p, = 0.00 kPa
NOTE; Should be > 0 kPa

’ CLASS II SERlES SYSTEMS ;

Addmonal P:pe Data
L/ID = 254
Flow Velocity = 4.08 m/s poi - O
Velocity head = 0.849m Velac&ty at pomt 2 =
Reynolds No. = 4.70E+04 Vel. head at point 1 =
Friction factor; f=  0.0213 Vel. head at point 2 = 0.000 m
Energy losses in Pipe: K Qty.
 Pipe: K; = f(L/D) = 5 41 1 Energy loss h;; = 4.59 m Friction
| - {Fiiieri»Kgf# 8 5007 7 Energy loss h;, = 7.22m
 Entrance: Ky = 1 w 1 Energy loss h; = 0.85m
. Extd K . 1 Energy loss h,4 = 0.85m
1/2 ap gate val 1 Energy loss h.s = 1.49m fr=0.011
Elen ,i 6 Ke= 1 Energy loss h.¢ = 0.00m
EIement 7. Ky " - 0.C Energy loss h,; = 0.00 m
 Element8:Ks= 0 Energy loss ;g = 0.00 m
Total energy loss hy = 15.00 m
Actual volume flow rate when p, = 0.00 kPa
Actual volume flow rate: Q = 0.002430 m®/s
Actual volume flow rate: Q= 145.77 L/min
Change from Problem 11.47A:  -8.16 L/min
Percent change: -5.3 %
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CHAPTER TWELVE

PARALLEL PIPE LINE SYSTEMS

Systems with two branches

12.1 £A+zA /- L :EE--I—ZB + 2 ZA=Zp, UA= Up
y g 4 g
2
PAPy_p g =, _ (700 550)k1\1/m _17.05m
¥ " 8.80 kN/m
60 v’ vl v’

Upper brancha: #, =f ————2+2f (30)—*=|587f, +1.02]-2

pp I, faO.1023 20 Jur( )2g [ A ]2g
S =0.017 Friction Elbows
Lower branch b: A, = f, ———6—(-)———0—‘§-+f (240)£)—§—+2f (30)—li§—=[770f +54]—L-)l’2—

Ch 007792 2g M 2g T g
Sor =0.018 Friction Valve Elbows
Assume f, = fi, = 0.02:
2

B, =17.05m=[587, +1.02] % s, = [FOSNIT) 508 s

. 2g [587f, +1.02]
N, =0le _GO8O01023) 5,405, Do 01085554 r—0.02

; v 4.8x10 g 4.6x10

No change
2

By =17.05m=[770, +54] 20, = [POEVAT0) 4 o7 g

' 2g [7701, +5.4]
N, =D JGODOOTT) _ g5y, q0¢e. Do 007 y595 , 1= 0.022

* v 4,8x10 g 4.6x10

Recompute vy,:

v, = 20.8D07.09) _ 5 g m/s; N, =6.28x 10" — f,=0.022 No change
[770 f, +5.4] ’

Then Q, = 4,v, =(8.213x107° m?)(5.08 m/s) = 4.17 x10™> m’/s

=6.02x107 m%/s
Q, = 4,0, =(4.768x 107 m?)(3.87 m/s) = 1.85 x107° )m3/s} Or

PARALLEL PIPE LINE SYSTEMS 187



12.2  Data from example Problem 12.1 @y =0.223 ft'/s = 4,0, + Ay Ly;
f.r =0.019; fb, =(.022

2 2 2
. ’ 5)2 =10.69| 22
2g 2g 2g
Valve 1 Valve 2 Heat exch.
v 20 V2 v
, =21 (30) b +fb7 (340) + f,——=—2=[174f, +400be] " [174fb +8. 80]
2g 0.1152¢ 2¢g
2 Elbows Valve Friction

(Dfe), = 768; Try £, = 0.023

% V2
h, = [174(0.023) +8.80] - =12.80—-
” 2g 2g

2 2

Let b, =h, : 10.69 = =12.822: v,=1.094u,

2g 2g
O1 = Ay, + Ay = A(1.094 1) + Ayt = [ 1.0944, + Ay]
v, = 9 = 0.223 =6.21 ft/s; v,= 1.094 0, = 6.79 ft/s

1.0944, + 4, 1.094(0.0233) +0.01039
¥ _u,D, _621(0.115) _
By 1.21x107°

2
Repeat: hLb =13.15§"—; v, = 1.109w,; v, =6.15 ft/s; v, = 6.83 ft/s
g

N =5.85x 10%, £, = 0.025 No change
0.= A0, = (0. 0233)(6 83) =0.159 ft'/s; Oy = Aptr, = 0.01039(6.15) = 0.0639 ft*/s

h=h, =10.692> _(1069)683)° _ ;g
2g 2(32.2)

62.41b 1t°
-p2=7yh 7.74 ft = 3.36 psi
p=p=r ( ft’ j( )( 144 in? ) pst

=5.90x10%; £, =0.025

30 07 v’
12.3 hLﬂ f005252 —(571f)—— andh —h : for =0.019
Friction
60 v v v v}
= +3 30)—2+ £ (150)—2-=[1142 £ +4.56]—>
b= sz ag VG0 eSO = (11427 +4 561

® Assume f,=f, = 0.02 and set h, =h,
2 2

571(0.02) 2= =[1142(0.02) + 4. 56]—
2g 2g

11.4207 =27.40}

U, = V27.4/11.42 v, = 1.55u,

On = 4.0y + Ay, = A,(1.5500) + App = 1p][2.554y]
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[N 850 L/min 1 m*/s

Oy = = — — =2.56 m/s
2554, 2.55(2.168x 10~ m’)(60000 L/min)
v, =1.550,=3.97 m/s
N, =D _GIDOD) _y 5,005, D= 002 441, p=0.021
‘ 14 1.30x10 g 4.6x10
N, =D - @5O00529) _y 3 g5 Do yia1 4= 00215
vy 130x10 p

Recompute from D
2 2

571(0.021)”—a = [1142(0.0215) + 4.56] Lo
2¢g 2g

11.9107 =29.110¢
v,= 1.56 0,
_ O, _ 850/60000
* 2.564, (2.56)(2.168x107)

=7255m/s: v,=1.56, =3.98 m/s
No change in £, or f;

0, = 4,0, = (2.168 x 10°m*)(3.98 m/s)[60000 L/min/1 m*/s] = 518 L/min
Oy = Ay, = (2.168 x 107)(2.55)(60000) = 332 L/min

9.81kN (3.98)
2 — Do =Y, = vh, =~———|571(0.021)-~——m | = 95.0 kPa
PamPo = VLT P, TS { 00215 581 ]
. 1ft3/S 3 3
124 Qgin= 1350 gal/min ——————— =3.01 ft"/s: Benzene: p = 0.87(1.94) = 1.69 slugs/ft
449 gal/min
for =0.015; f,, =0.019 n=28x 10° Ib-s/ft’
500 o} v? v; v} V2
h = =S 4+ £.(340)==-+ £, (100)=%-+2f..(30)=—-=]989 f, +7.5]>
=S 050 2 T Tor G405 Sar (1002 -+ 2/, GO [989f; ]2g
500 o2 v? vl
h = -2 42£,.(30)=2+ [2902F, +1.14]—*
b sz.l7232g Sar )2g (29021, ]2g

2 2
But i, =h, : [989F, +7.5]25 =[2902f, +1.14]=-
L 1, 6 2g 2 2g

bo= vy [2902/,+1.14
989 f, +7.5

(D 0.5054 (
2= 2T 23369 Try £,=0.016; | =
L )6 1.5%x10~ /s &

Try 5, =0.02

=20 = 1149,

D] 0.1723
, 1.5x10™

&

b= vy [PROD+LIE oo
989(0.016)+7.5
Os = 05 + Or = Ag, + A0y = Ag(1.5905) + Ay0, = 021594 + 47] = 3.01 /s
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3
- 301 1t'/s _ =879 fi/s; v, = 1590, = 13.98 fi/s
1.59(0.2006) + (0.02333) i

_beDup _ 139805069 _y 4o 106, 1 ~0.016

N, = =
Bou 8§x107

N, = v,D,p _ (8.79)(0.172?)(1.69) =320 % 10° = f; = 0.020
: y7 8x10°

No change in f; or f,

Os = AsUs = (0.2006 f2)(13.98 ft/s) = 2.80 ft*/s [1258 gal/min]
0> = 4,0, = (0.02333)(8.79) = 0.205 £t*/s [92 gal/min]

12.5  For illustration, use water at 10°C; Q, = O, = 500 L/min = 8.33 x 102 m’/s.

Ua:_Q.“W~1061m/ (Dj =——(—)—'1—99—_6—=66667
A, 7(0.100)* m*/ g/, 15x10

N, GePa _ QODO100) _ g 10 10t 1= 0.0186; 1, = (0.010) (approx.)
Ty 1.30x10

8.33x107° m’/s

= —Q——————————————424m/s (D) =-~(~)~'—(—)~5——_; =33333
4,  7(0.05)* m?/ e ), 1.5x10
D, (4.24)(0.05) 5
= =1.63 x 10° - £,=0.0163; =(.010 (approx.
By 1.30x107 Jo Jur (approx.)
2 2 2
P LY K22 =(3001, +0.60+ K) 2=
" 0.100m 2g 2g 2g
Friction 2 Elbows Valve
30 vl v; v}
= +27£.(30 =(600 £, +0.60)—-
= 05 g+ 2 (B0 =(6007, +060) %
Friction 2 Elbows
UZ 2
2 UZ
h, = (600(0.0163) +0.60) ~>- =10.38 -
2g 2g

2
U(Dj =4u,; vl =16V}

A,
0. = O, =A4,0, = Apy; B, =0,
A D,

b

Equate 2, =h,

2 2
U _1038%. = 1038100 _ 1660 - then 6.18 + K = 166
g 2g 2g 2g

K=166-6.18=160
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12.6

12.7

2 2

Do, By m, U
Y 2g Y

_pa _201bft’ 144 in’®

Ly in? (624 )Y

D DAT U, pe=0,2Aa =23

=462 ft =h1 = hz

2 2 2 2 2

2

h=2009)2 +52 2680 p =2(0.9)2 +1022 =11.§-2
2  2g 2g 2g 2g 2g

a.  Both valves open:

ft?

= \2
by = \/ZghL _ \/2(32.2)(46.2) ~20.9 fs; A, = 7(2 in)
6.8 6.8 4
01 = 4,0, = (0.0218 £1*)(20.9 ft/s) = 0.456 ft*/s

s a2
_ nghL _ \/2(32.2)(46.2) 15,87 fus: A, = 7(4 in)
11.8 11.8 4
0> = A,0, = (0.0873 £t*)(15.87 ft/s) = 1.385 ft*/s
O = 01 + 0> =0.456 + 1.385 = 1.841 ft'/s

b.  Valve in branch 2 open:
0=0,=1.385ft"/s

c¢.  Valve in branch 1 open:
0 =0, =0.456 ft'/s

Hardy Cross technique - Data from Prob. 12.4

2

Os = 3.01 £6'/s; g = [989f; + 7.5] gL
g

2

hy = [2902f; + 1.14] 22
2g

Restate /g and &, in terms of Qs and O,

) o o
he = [989f; + 7.5] 26 (989 +7.5] 2(32.2)(0.2006)

he = [989f; +7.51(0.3859) O7 = [381.6f, + 2.894] 0’

_ __Qi_: Q;
hy = [2902fs + 1.14) 2 e 2902+ L] o 0.02333)

By = [2902f; + 1.14](28.53) Q7 = [82791f;, +32.52] Q]
N . UéDsp — Q6D6p

Ry -
n Ap

_ 0,(0.5054)(1.69)

F(0.2006)(8x107%)
N, = v,D,p _ o.D,p

R, T -
: n Ap

_0,(0.1723)(1.69)

B 70.2333)(8x10°°)

=(5.322 x 10°)Qs

= (1.560 x 1090,

PARALLEL PIPE LINE SYSTEMS

— =0.0218 ft’
144 in
2
fr ~ =0.0873 ¢’
144in
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(2) =3369; (2) = 1149 (From Prob. 12.4)
€ Je £/,

Try Qs = 2.50 ft¥/s; 0, =3.01 — Qs = 0.51 ft'/s

N, =(5.322 x 10°)(2.50) = 1.33 x 10°% £ =0.0160
N, =(1.560 x 10°)(0.51) = 7.96 x 10°; /, = 0.0195

Friction factors found from Moody's diagram.

he = [381.6(0.016) + 2.894] 07 =9.000 0; = ke
hy, = [82791(0.0195) + 32.52] O =1647Q; = k,Q?

TRIAL PIPE 0 Ng f ko Dh=kQ> @2%Q AQD/@®
] 6 2.50 133 x10°  0.0160 9.000 56.25 4500  —0.21575
2 -0.51 796 x 10°  0.0195 1647  -4284  1679.94
—372.15  1724.94
2 6 2716  1.45x10°  0.016 9.000 66.39 48.89  -0.07635
2 ~0294  459x10° 0.020 1688  —145.9 992.5
-79.51 1041.4
3 6 2792 149x10°  0.016 9.000 70.16 5026  —0.01253
2 —-0.2177 3.40x10°  0.020 1688 -80.00  734.95
984 78521
4 6 2.805 1.49x10° 0.016 9.000 70.81 50.49  -0.00037
2 -0.205  320x10°  0.020 1688 ~71.05 692.65 (Negligible)
-0.24  642.16

12.8

192

06 =2.805 ft'/s; Q,=0.205 ft’/s

Data from Prob. 12.3 - Hardy Cross technique
Aa=A4,=2.168 x 10° m%;, v=1.30 x 10° m%/s
3
On =850 Limin x —/5 =1 417 % 10> m¥s
60000 L/min

2 2
h= 57140 3G
2g  2g4;

2
- 57140, ——=(6.192x10°) £,0?
2(9.81)(2.168x107)

V2 [1142f, +4.56]0

2¢ 2g4°
_[1142f, +4.56]07

® T 2(9.81)(2.168x 107 )

By = [1142f; + 4.56]

= [1142f, + 4.56](1.084 x 104 Q?

Chapter 12



_uvD, 0D, Q,(0.0525)
T v Ay (2.168x107)(1.30x107°)

Ny, =(1.863 x 100y N,, =(1.863 x 1000,

Ny

Trial 1

Try O, = 0.0100 m’/s
Op = On— 0, = 0.01417 - 0.0100 = 0.00417 m’/s

Then N, =(1.863 x 107)(0.010) = 1.86 x 10°
N, =(1.863 x 10)(0.00417) =7.77 x 10
(D/e), = (D/e), = (0.0525/4.6 x 107°) = 1141

Compute fusing Eq. (9.9):
0.25

fa= ¢ - =0.0208
1 5.74
log + s
3.7(1141) (1.86x105)
fom = 0.25 - =0.0225
1 5.74
log + o5
3.7(1141) (7.77><10“)
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12.9

2 1/2-in Sch. 40 pipes: D = 0.2058 ft; 4 = 0.03326 fi*

General form for k
2 2
h=kQ*= LY = __f_L_gz_
D 2g D2g4d
__
D2g4®

12

k= ko= ko= k.= /GO :
(0.2058)(64.4)(0.03326)
~ 34101
£G0) _,
(02058)(64.4)(0.03326)

c_kf

046 f

Values of f'to be computed.
For all pipes D/e = 0.2058/1.5 x 10™ = 1372
Use water at 60°F; v=1.21 x 10~ ft*/s

vD _OD _ 0(0.2058)

v Av (0.03326)(1.21x107°)
Use Eq. (9.9) to compute f:

. 0.25
/==

1 5.74
+ 0.9
3.7(1372) (N,) H
0.25

. 1, 574
197010 T (N

NR:

log

f==

For Trial 1: Flow equations at nodes:

Q.+ 0,=121fs
Try 0, = 0.50; O = 0.70

0.+ Q4= 0,=0.50
Try Q. = 0.10; Qg = 0.40

Q4 — 0r=0.30 ft'/s
Try Qg = 0.40, O;=0.10

0.+ Qr=0.60 ft'/s
Try Q¢= 0.10; Q. = 0.50

Oy + O = Q. +0.30 ft'/s
0.70 + 0.10 = 0.50 + 0.30 (check)

PARALLEL PIPE LINE SYSTEMS

d

&g

© |

—

———

<03

a+b=12 o+f =08
Ct+dmg d-f=03
b+c=e+03

=(5.114 x 10°)Q

0.8
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Compute Ny values for Trial 1:

N, =(5.114 x 10°)(Q,) = (5.114 x 10°)(0.50) = 2.557 x 10

Similarly,

N, =3.580x 10>, N, =5.114x10% N, =2.045 x 10°

N, =2.557 x 10

N

R

Compute f values for Eq. 9.9:

0.25

=5.114x 10*

fa:

[log[(l 970x107) +

ky, = (3410)(0.0197) =
Similarly:
PIPE f

a 0.0197

b 0.0194

c 0.0233

d 0.0200

e 0.0197

f 0.0233

67.18

67.18
66.00
47.65
68.26
67.18
47.65

5.74
(2.557x10°)™

- =0.0197

)

Eq. fork
k, = 3410f,
k= 3410f;
k. = 2046f,
kq= 341014
ke = 34101,
ke = 2046f;
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1.0 m*/s

12.10 Oy, = 6000 L/min x —————— =0.100 m*/s = 1.0 x 10" m*/s
60000 L/min
Oouwe = 1500 L/min = 0.025 m*/s (Each) = 2.5 x 102 m*/s
Lo L O 7L
h= Ff2 2 = - —
f /D D2gA’ KOs D(2) A

3-in Type K copper tubes: D =0.07384 m; 4 = 4.282 x 107 m’
L _ /L = (3.765 x 10)L

D(2)gA*  (0.07384)(2)(9.81)(4.282x107°)

For tubes ¢, f: L = 6.0 m; k= (2.259 x 10°)f
For tubes d, b, e, h: L=15m; k=(5.647 x 10°)f

For tubes a, g: L = 18 m (Ignore minor losses); & = (6.776 x 10°)f

For all tubes: Water at 15°C; v=1.15 x 10° m%/s
vD QD ((0.07384)

Np= o=l =(1.500 x 10")Q

Av (4.282x107)1.15x107%)
Dle = (0.07384)/(1.5 x 10 m) = 49227

Use Eq. 9.9 to compute f:

0.25 0.25

f: 7=

log ! + 5'74(1)9 log 5.49><10‘6+~~——~~5'7i9
37D/e (N,)" (N

On =0.100 m¥s
d
r -
/ (2
/ X!
L]
4
0.025 0.025
For continuity at joints:
@0, + 0.+ 04=0.100 0:=0.025+ Oy + O, Q4= 0+ Oy
D0, + O, = 0.025 O+ Qo= 0y +0.025 0, + 0,=0.025
For Trial 1:
0.,=2.0 x 107 (Assume) 0:s=4.0x10° @ 0,=20x10°®
0,=0.5x 107 @) Q.= 1.0 x 107 (D) 0n=0.5x 102 @
0. =4.0 x 10 (Assume) 0r=2.0 x 107 (Assume)
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12.11

204

Hardy Cross technique = Data preparation

D2g D2g4 D2gA?

_ £(1500) _
DQ®+ (1.25)(64.4)(1.227)21 1238

16-in pipe

_ £(2000) ~
@ & (1.406)(64.4)(1.553)° =9.1587

18-in pipe

£(2000)
(0.9948)(64.4)(0.7771)
12-in pipe

707

® k- £(2000)
(1.25)(64.4)(1.227)
16-in pipe

= 16.50f

= £(1500) _
@, O & TR A

12-in pipe

_ £(4000) _
k (1.094)(64.4)(0.9396)° 643

14-in pipe

k= J(4000) =103.39f
(0.9948)(64.4)(0.7771) '

12-in pipe

_ £(4000) _
© (0.6651)(64.4)(0.3472)> 77469

8-in pipe

- £(1500) .
@ k Gese o - 0V

8-in pipe

Reynolds numbers: Assume water at 60°F; v=1.21 x 107 ft’/s
16-in pipes:

0066
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NR=39:~Q~Q: 0.25) — =(8.419x 100
v Av (1.227)1.21x107)

D/e=1.25/1.5x 10™ = 8333

Similarly:

18-in pipe: B): Np=(7.482 x 10"Q; D/e =9373

14-in pipe: ®): Np=(9.623 x 10YQ; D/e = 7293

12-in pipes:{@ @ @AD: Ny =(1.058 x 10%Q; D/e = 6632
8-in pipes: {0),d2), N = (1.583 x 10°)Q; D/e = 4434

To satisfy continuity at joints:

@+D=15.5 f's @ +@®= @ +4 %
@+ @-0 ®=+3 fiss
@=1.5 ft3/s+@ @+ =@+3ft3/s
®-©+® @0 +@=3 f'ss

@+@©=D+@+1 s

Initial estimates for flow rates for Trial 1: See spreadsheet.
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NETWORK ANALYSIS USING THE HARDY CROSS TECHNIQUE

U.S. Cust Units

206

Prob# 1211 4 Circuits 12 Pipes
Fluid: Water at 60 deg F Fluid kinematic viscosity:  1.21E-05 /s
Pipe# ID(ft) Length (ft) Roughness D/e C1 c2
e (ft) (k=C1*) (Ng=C2*Q)
1 1.2500 1500 1.50E-04 8333 12.37 8.42E+04
2 1.2500 1500 1.50E-04 8333 12.37 8.42E+04
3 1.4060 2000 1.50E-04 9373 9.16 7.48E+04
4 0.9948 2000 1.60E-04 6632 5168 1.06E+05
5 1.2500 2000 1.50E-04 8333 16.50 8.42E+04
6 1.2500 1500 1.50E-04 8333 12.37 8.42E+04
7 0.9948 1500 1.50E-04 6632 38.76 1.06E+05
8 1.0940 4000 1.50E-04 7293 64.26 9.62E+04
9 0.9948 4000 1.50E-04 6632 103.35 1.06E+05
10 0.6651 4000 1.50E-04 4434 773.68 1.58E+05
11 0.9948 1500 1.50E-04 6632 38.76 1.06E+05
12 0.6651 1500 1.50E-04 4434 290.13 1.58E+05
Trial 1 ‘
Circuit  Pipe  Q(ft’s) Nr f k h=kQ*  2kQ AQ % Chg
1 1 7.0000 5.89E+05 0.0144 0.1788 8.7592  2.5026 2.12
4 2.5000 264E+05 0.0162 0.8347 5.2171 41737 5.94
6 -4.0000 3.37E+05 0.0154 0.1904 -3.0472 1.5236 -3.71
3 -8.5000 6.36E+05 0.0142 0.1299 -9.3847 2.2082 -1.75
Summations: 1.5445 10.4081 0.14839
2 2 45000 3.79E+05 0.0152 0.1877 3.8008 1.6892 -3.60
5 3.0000 2.53E+05 0.0160 0.2639 2.3748  1.5832 -5.39
7 -2.0000 2.12E+05 0.0166 0.6451 -2.5806 2.5806 8.09
4 -2.5000 264E+05 0.0162 0.8347 -52171 4.1737 6.47
Summations: -1.6221 10.0267 -0.16178
3 6 40000 3.37E+05 0.0154 0.1904 3.0472 1.5236 1.60
9 3.6000 3.70E+05 0.0155 1.6029 196360 11.2206 1.83
11 -1.5000 1.59E+05 0.0174 0.6730 -1.5142 2.0190 -4.28
8 -4.5000 4.33E+05 0.0151 09710 -19.6619 8.7386 -1.43
Summations:  1.5071 23.5017 0.06413
4 7 2.0000 2.12E+05 0.0166 0.6451 25806 2.5806 -18.43
10 1.0000 1.58E+05 0.0179 13.8120 13.8120 27.6240 -36.87
12 -2.0000 3.16E+05 0.0164 4.7639 -19.0556 19.0556 18.43
g -3.5000 3.70E+05 0.0155 1.6029 -19.6360 11.2206 10.53
Summations: -22.2991 60.4808 -0.3687
continued
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12.11 (continued)

Trial 2 » .

Circuit  Pipe  Q(ft’s) Ng f k h=kQ*  2ka AQ % Chg
1 1 6.8516 5.77E+05 0.0145 0.1791 8.4099 2.4549 -0.56
4 2.1898 2.32E+05 0.0164 0.8495 4.0737 3.7205 -1.76
6 -4.0843 3.44E+05 0.0154 0.1899 -3.1686 1.5516 0.94
3 -86484 647E+05 0.0142 0.1297 -9.6983 2.2428 0.44

Summations: -0.3833 9.9698 -0.03845
2 2 46618 3.92E+05 0.0151 0.1869 4.0617 1.7426 -1.07
5 3.1618 2.66E+05 0.0159 0.2619 26186 1.6564 -1.57
7 -2.2069 2.33E+05 0.0164 0.6365 -3.0999 2.8092 225
4 .21898 2.32E+05 0.0164 0.8495 -4.0737 3.7205 227

Summations: -0.4932 9.9287 -0.04967
3 6 40843 3.44E+05 0.0154 0.1898 3.1686 1.5516 -3.65
9 3.0672 3.24E+05 0.0157 1.6276 153121 9.9845 -4.86
11 -1.5641 1.65E+05 0.0173 0.6687 -1.6360 2.0919 9.53
8 -45641 4.39E+05 0.0151 0.9695 -20.1952 8.8495 327

Summations: -3.3504 22,4775 -0.14906
4 7 22069 2.33E+05 0.0164 0.6365 3.0999 2.8092 -0.23
10 1.3687 2.17E+05 0.0171 13.2579 24.8364 36.2921 -0.38
12 -1.6313 2.58E+05 0.0168 4.8700 -12.9597 15.8888 0.32
9 -3.0672 3.24E+05 0.0157 1.6276 -15.3121 9.9845 0.17

Summations: -0.3356 64.9746 -0.00517

Trial 3 v .

Circuit  Pipe  Q(ft’s) Ng f k h=kQ*  2kQ AQ % Chg
1 1 6.8901 5.80E+05 0.0145 0.1790 84997 24672 -0.60
4 21786 2.30E+05 0.0165 0.8501 4.0348 3.7041 -1.90
6 -4.1949 353E+05 0.0153 0.1893 -3.3314 1.5883 0.99
3 -86099 644E+05 0.0142 0.1297 -96165 22338 0.48

Summations: -0.4134 9.9934 -0.04136
2 2 47115 3.97E+05 0.0151 0.1867 4.1435 1.7589 -0.39
5 3.2115 2.70E+05 0.0158 0.2614 2.6958 1.6788 -0.57
7 -21624 2.29E+05 0.0165 06382 -2.9843 2.7602 0.84
4 21786 230E+05 0.0165 0.8501 -4.0348 3.7041 0.83

Summations: -0.1799 9.9020 -0.01817
3 6 41949 3.53E+05 0.0153 0.1893 3.3314 1.5883 -0.32
9 3.2111 3.40E+05 0.0157 16183 16.6920 10.3965 -0.42
11 -1.4151 1.50E+05 0.0175 0.6791 -1.3599 1.9220 0.95
8 -44151 425e+05 0.0151 09730 -18.9662 8.5916 0.30

Summations: -0.3027 22.4984 -0.01345
4 7 21624 229E+05 0.0165 0.6382 2.9843 2.7602 -1.12
10 1.3739 2.17E+05 0.0171 13.2518 25.0127 36.4123 -1.76
12 -1.6261 257E+05 0.0168 4.8717 -12.8824 15.8442 1.48
9 -3.2111 3.40E+05 0.0157 16189 -16.6920 10.3965 0.75

Summations: -1.5774 65.4132 -0.02411
continued
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12.11 (continued)

Trial 4 ‘ »

Circuit  Pipe  Q(ft’s) Nr f k h=kQ*  2kQ AQ % Chg

1 1 6.9314 583E+05 00145 0.1789 8.5869  2.4806 -0.15

4 22018 2.33E+05 0.0164 0.8489 4.1153 3.7381 -0.48

6 -4.1670 351E+05 0.0153 0.1895 -3.2899 1.5791 0.26

3 -85686 641E+05 0.0142 01298 -95290 2.2242 0.12
Summations: -0.1067 10.0219 -0.01065

2 2 47296 3.98E+05 0.0151 0.1866 4.1736 1.7649 -0.46

5 3.2296 2.72E+05 0.0158 02612 2.7242 1.6870 -0.68

7 -2.1684 229E+05 0.0165 06380 -2.9996 2.7667 1.01

4 22018 233E+05 0.0164 08489 -4.1153 3.7381 0.99
Summations; -0.2171 9.9568 -0.02180

3 6 41670 3.51E+05 0.0153 0.1895 3.2899 1.5791 -0.34

9 3.2004 3.39E+05 0.0157 1.6195 16.5878 10.3661 -0.44

11 -1.4016 148E+05 0.0175 0.6801 -1.3361 1.9065 1.00

-4.4016 - 4.23E+05 0.0151 0.9733 -18.8571 8.5683 0.32
Summations: -0.3155 224199 -0.01407

4 7 21684 229E+05 0.0165 06380 29996 2.7667 -0.19

10 1.3980 2.21E+05 0.0171 13.2238 25.8437 36.9730 -0.29

12  -1.6020 2.53E+05 0.0168 4.8800 -12.5245 156358 0.26

9 -32004 3.39E+05 0.0157 16195 -16.5878 10.3661 0.13
Summations: -0.2689 65.7416 -0.00409

Trial § _

Circuit  Pipe  Q(ft's) Nk f k h=kQ* 2kQ AQ % Chg

1 1 6.9421 584E+05 0.0145 0.1789 86220 2.4840 -0.15

4 2.1906 2.32E+05 0.0164 0.8495 4.0765 3.7217 -0.47

6 41704 3.51E+05 0.0153 0.1895 -3.2950 1.5802 0.25

3 -85579 6.40E+05 0.0142 0.1298 -9.5065 2.2217 0.12
Summations: -0.1030 10.0076 -0.01029

2 2 47514 4.00E+05 0.0151 0.1865 4.2099 1.7721 -0.13

5 3.2514 2.74E+05 0.0158 0.2609 2.7586 1.6969 -0.19

7 -21506 2.27E+05 0.0165 06387 -2.9541 2.7472 0.29

4 -21906 2.32E+05 0.0164 0.8495 -40765 3.7217 0.29
Summations: -0.0621 9.9379 -0.00625

3 6 41704 3.51E+05 0.0153 0.1895  3.2950 1.5802 -0.08

9 3.2104 3.40E+05 0.0157 1.6189 16.6854 10.3946 -0.10

11 -1.3875 1.47E+05 0.0176 06812 -1.3115 1.8904 0.24

8 -4.3875 4.22E+05 0.0152 0.9737 -18.7434 8.5439 0.08
Summations: -0.0745 22.4091 -0.00332

4 7 21506 2.27E+05 0.0165 06387 2.9541 2.7472 -0.15

10 1.4021 2.22E+05 0.0171 13.2191 25.9860 37.0681 -0.23

12 -1.56979 2.53E+05 0.0168 4.8814 -12.4642 15.6004 0.20

-3.2104 3.40E+05 0.0157 16189 -16.6854 10.3946 0.10
Summations: -0.2095 65.8103 -0.00318
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12.12 h=kQ2:f££2__ LY S w00

D2g D2g)A " D@g)4’ D/
115

@ TN

D) k= /(7:3) - 2=(2.56 x 106 l 200t

(0.0475)(2)(9.81)(1.772x107) / @
______ D,
7(1.5) B . 1,375
6)) k= —— =(1.21 x 10"y N
(0.0348)(2)(9.81)(9.510x10™) ® AT
f£(1.5) 8|/
k= =(1.18 x 10

OO0 (0.0221)(2)(9.81)(3.835x10™)? ( y —

Fluid is a coolant: sg=0.92, 7=2.00 x 107 Pas

Reynolds numbers and relative roughness

Pipes 1. 3: Ny vDp _QDp _ Q(O.()fl375)(920) _

n A (1.772x107)(2.00%x10™)
Np=(1.233 x 101)Q
D/e =0.0475/1.5 x 107° = 31667
Pipe 2: Np= 222 _ 9(0'0?448)(920) ——=(1.683x107)Q
An (9.510x107)(2.00x107)
D/ =0.0348/1.5 x 107 = 23200
Pipes 4, 5,6,7: Ny= ODp _ Q(0.0iZl)(920) — =(2.651 x 10")Q
A (3.835x107)(2.00x107)
D/e =0.0221/1.5 x 107° = 14733

Compute fusing Eq. 9.9.

For continuity at the joints:

@ O, + Oy = 880 L/min = 1467 x 10> m*s [ Q2+ Q4 = Os + 200 L/min

@ Q, = Q, + 115 L/min =05 +3.333x 10° m*/s

=0, +1.917 x 10° m%s (V) Qs + O; = 115 L/min
@ Qs = O, + Qs + 375 L/min =1.917 x 10° m%s
= Q4+ Qs + 6.250 x 107 (V) Os=0;+75 Limin = Q; + 1.250 x 107 m’/s

Trial 1: Assumptions

O, =350 L/min = 5.833 x 10 m%/s « Initial assumption

0, = O, — 115 L/min = 235 L/min = 3.917 x 10° m*/s { Continuity cond.()
Qs = 880 L/min — Q; = 530 L/min = 8.833 x 10” m*/s { Cont. cond (1)

O = 60 L/min = 1.000 < 10 m’/s <« Initial assumption

Os = 0> + 04 — 200 L/min = 95 L/min = 1.583 x 10° m*s { Cont. cond. (V)
Os = 03 — Q4 ~ 375 L/min =95 L/min = 1.583 x 10 m*s { Cont. cond. @
0, =115 L/min — Qg = 20 L/min = 3.333 x 10™ m’/s — Cont. cond. @
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NETWORK ANALYSIS USING THE HARDY CROSS TECHNIQUE U.S. Cust Units
Prob# 12.12 2 Circuits 7 Pipes-drawn steel tubing
Fluid: Coolant Fluid kinematic viscosity: 2.17E-06 m?/s
Pipe# D(m) Length(m) Roughness D/t C1 C2 Initial Q
€ (m) (k=C1*) (Ng=C2*Q) L/min
1 0.0475 7.5 1.50E-06 31667 2.56E+06 1.23E+07 350
2 0.0348 7.5 1.50E-06 23200 1.21E+07 1.68E+07 235
3 0.0475 7.5 1.50E-06 31667 2.56E+06 1.23E+07 530
4 0.0221 7.5 1.50E-06 14733 1.18E+08 2.65E+07 60
5 0.0221 7.5 1.50E-06 14733 1.18E+08 2.65E+07 95
6 0.0221 7.5 1.50E-06 14733 1.18E+08 2.65E+07 95
7 0.0221 7.5 1.50E-06 14733 1.18E+08 2.65E+07 20
Trial 1 _
Circuit Pipe  Q(m%s) Nr f k h=kQ*  2kQ AQ % Chg
1 1 -5.833E-03 7.19E+04 0.0193 4.95E+04 -1.6845 577.6 -1.99
2 -3.917E-03 6.59E+04 0.0197 2.40E+05 -3.6759 1876.9 -2.97
3 8.833E-03 1.09E+05 0.0177 4.55E+04 3.5492 803.6 1.32
4 1.000E-03 2.65E+04 0.0243 2.85E+06 2.8539 5707.8 11.63
Summations:  1.0427 8965.9 1.163E-04
2 4 -1.000E-03 2.65E+04 0.0243 2.85E+06 -2.8539 5707.8 13.36
5 -1.583E-03 4.20E+04 0.0219 2.57E+06 -6.4387 81348 8.44
6 1.583E-03 4.20E+04 0.0219 2.57E+06 6.4387 8134.8 -8.44
7 -3.333E-04 8.83E+03 0.0322 3.78E+06 -0.4201 2520.9 40.10
Summations: -3.2740 24498.2 -0.000134

continued
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12.12 (continued)

Trial 2 ,
Circuit Pipe  Q(m’s) N f k h=kQ*  2kQ AQ % Chg
1 1 -5.949E-03 7.34E+04 0.0192 4.93E+04 -1.7451 586.67 0.92
2 -4.033E-03 6.79E+04 0.0196 2.38E+05 -3.8736 1920.79 1.36
3 8.717E-03 1.07E+05 0.0178 4.56E+04 3.4655 795.13 -0.63
4 7.501E-04 1.99E+04 0.0260 3.06E+06 1.7210 4588.97 -7.30
Summations: -0.4322 7891.55 -5477E-05
2 4 -7.501E-04 1.988E+04 0.0260 3.06E+06 -1.7210 4588.97 -0.22
5 -1.449E-03 3.841E+04 0.0223 2.62E+06 -55043 7595.56 -0.12
6 1.717E-03 4.549E+04 0.0215 2.52E+06 7.4382 8665.94 0.10
7 -1.997E-04 5.291E+03 0.0373 4.38E+06 -0.1747 1750.47 -0.84
Summations: 0.0381 22600.94 1.684E-06
Trial 3 .
Circuit Pipe  Q(m%s) Ng f k h=kQ*  2kQ AQ % Chg
1 1 -5.895E-03 7.27E+04 0.0193 4.94E+04 -1.7165 582.39 0.08
2 -3.979E-03 6.70E+04 0.0197 2.39E+05 -3.7799 1900.15 0.11
3 8.771E-03 1.08E+05 0.0178 4.56E+04 3.5048 799.13 -0.05
4 8.065E-04 2.14E+04 0.0256 3.01E+06 1.9547 4847.36 -0.56
Summations: -0.0368 8129.03 -4.531E-06
2 4 -8.065E-04 2.137E+04 0.0256 3.01E+06 -1.9547 4847.36 1.21
5 -1.451E-03 3.845E+04 0.0223 2.62E+06 -5.5157 7602.41 0.67
6 1.715E-03 4.545E+04 0.0215 2.52E+06 7.4252 8659.29 -0.67
7 -2.013E-04 5.336E+03 0.0372 4.37E+06 -0.1773 1760.80 483
Summations: -0.2225 22869.86 -9.731E-06
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12.12 (continued)

Trial 4 )
Circuit Pipe  Q(m’s) N f k h=kQ*  2Q AQ % Chg
1 1 -5.890E-03 7.26E+04 0.0193 4.94E+04 -1.7141 582.04 0.10
2 -3.974E-03 6.69E+04 0.0197 2.39E+05 -3.7722 1898.44 0.14
3 8.776E-03 1.08E+05 0.0178 4.55E+04 3.5080  799.46 -0.06
4 8.013E-04 2.12E+04 0.0256 3.01E+06 1.9327 4823.72 -0.70
Summations: -0.0456 8103.65 -5.625E-06
2 4 -8.013E-04 2.124E+04 0.0256 3.01E+06 -1.9327 4823.72 0.25
5 -1.441E-03 3.820E+04 0.0223 2.62E+06 -5.4502 7562.81 0.14
6 1.725E-03 4.571E+04 0.0215 2.52E+06 7.5004 8697.68 -0.12
7 -1.916E-04 5.078E+03 0.0378 4.44E+06 -0.1629 1700.83 1.04
Summations: -0.0454 22785.04 -1.992E-06
Trial 5 ‘
Circuit Pipe  Q(m%s) Nk f k h=kQ*  2kQ AQ  %cChg
1 1 -5.884E-03 7.26E+04 0.0193 4.94E+04 -1.7112 58160 0.03
2 -3.968E-03 6.68E+04 0.0197 2.39E+05 -3.7626 1896.31 0.04
3 8.782E-03 1.08E+05 0.0178 4.55E+04 3.5121 799.87 -0.02
4 8.050E-04 2.13E+04 0.0256 3.01E+06 1.9481 4840.24 -0.21
Summations; -0.0136  8118.03 -1.680E-06
2 4 -8.050E-04 2.133E+04 0.0256 3.01E+06 -1.9481 4840.24 0.16
5 -1.439E-03 3.814E+04 0.0223 262E+06 -5.4368 7554.70 0.09
6 1.727E-03 4.576E+04 0.0214 2.52E+06 7.5158 8705.54 -0.07
7 -1.896E-04 5.025E+03 0.0379 4.45E+06 -0.1601 1688.47 0.67
Summations:  -0.0291 22788.95 -1.278E-06
Final flows in L/min
Circuit Pipe Q
1 1 -353.1 L/min
2 -238.1 L/min
3 526.9 L/min
4 48.3 L/min
2 4 -48.3 Limin
5 -86.4 L/min
6 103.6 L/min
7 -11.4 Umin
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CHAPTER THIRTEEN

PUMP SELECTION AND APPLICATION

13.1 to 13.14: Answers to questions in text.

13.15 Affinity laws relate the manner in which capacity, head and power vary with either speed or
impeller diameter.

0.5N,

13.16 O,=01=-2=0 =0.50;: Capacity cut in half.

2 2
AT A=A, (&j = (9'51\7&) =0.25h, : h, divided by 4.

1

3 3
13.18 Pzzp,(lv_z] :3(9@’_‘) =0.125P;: P divided by 8.
N

1

0.75D, _ 0.75Qy: 25% reduction.

1319 g,=02-¢
Dl

1

2 2
13.20 h, =h, (&J =, (ﬂ;ﬂj =0.5625h, : 44% reduction.

Dl 1
p,Y (075D
13.21 P2=P1(_2] :p!( : IJ =0.422P,: 58% reduction.
D
1 1

13.22 l~l x3-6
2

t L 6in casing-size of largest impeller
3 in nominal suction connection size

1% in nominal discharge connection size
1
13.23 1§x3 -10

13.24 1~1—><3——6
2

13.25 Q=280 gal/min; P = 26 hp; e = 53%; NPSH; = 10.9 ft
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13.26

13.27

13.28

13.29

13.30

1331

13.32

13.33

13.34

13.35

13.36

13.37

214

At h, =250 ft, ey = 56%: Q=220 gal/min; P = 24.0 hp; NPSHy = 8.0 ft

From Problem 13.26, 4, =250 ft: Let £, =1.15h, =288 ft
Then Q, = 125 gal/min; P, = 19 hp; e, = 45%; NPSH = 5.5 ft (approximate values)

6 in 7 in 8in 9in 10 in
n, 120 ft 190 ft 250 ft 320 ft 390 ft
0 145 gal/min 187 gal/min 220 gal/min 260 gal/min 290 gal/min
€max 51% 54% 56% 57.3% 58%(Est)
NPSH; increases.

Throttling valves dissipate energy from fluid that was delivered by pump. When a lower
speed is used to obtain a lower capacity, power required to drive pump decreases as the cube
of the speed. Variable speed control is often more precise and it can be automatically
controlled.

As fluid viscosity increases, capacity and efficiency decrease, power required increases.
Total capacity doubles.

The same capacity is delivered but the head capability increases to the sum of the ratings of
the two pumps.

Rotary or 3500 rpm centrifugal
Rotary

Rotary

Reciprocating

Rotary or high speed centrifugal
1750 rpm centrifugal

1750 rpm centrifugal or mixed flow
Axial flow

SRmo e o

0 =390 gal/min; H= 550 ft; D =12 in; N= 3560 rpm
NJO 35604/390 DH"*  (12)(550)°%
Ny= —-= o7 =019, D= = =
H (550)" Jo V390

Point in Fig. 13.48 lies in radial flow centrifugal region.

2.94

Q= 2750 gal/min; H = 200 ft; D= 15 in; N= 1780 rpm
N = N\/é 178042750 DH"* 15(200)°* -1
5 H3/4 (200)0.75 \/@ ’2750

Point in Figure 13.34 lies in radial flow centrifugal region.

=1755; D, =

N o NJO N N.HY*  (5000)(40)""

H" U o 10000

=795 rpm
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13.38

13.39

13.40

13.41

13.42

N = NJO  (1750)4/5000

s H3/4 - (100)0.75 :3913
V= NJO (1750412000 _ 2659
s 34 T 0.75
H (300)
N NJO (17503500 _ 1237

H3/4 - (1 00)0‘75

N o N\JO  (3500)4/500

ST T (100" = 2475; Twice N, from 13.40.

Same method as Problems 13.38 to 13.41.
a. N,= 1463 radial

¢. N,=3870 radial or mixed

e. N;=104 too low

g.  N;=7260 mixed

N, =260 too low
N, = 18.5 too low
N; = 2943 radial
N, = 24277 axial

5 e o

13.43 t0 13.46 See text.

13.47

13.48

13.49

13.50

13.51

13.52

13.53

At inlet to pump. Pressure at this point and fluid properties affect pump operation,
particularly the onset of cavitation. Pump manufacturer's NPSHy, rating related to pump inlet.

Elevating reservoir raises pressure at pump inlet and increases NPSH,,.
Large pipe sizes reduce flow velocity and reduce energy losses, thus increasing NPSH,.
Air pockets will not form in an eccentric reducer as they will in a concentric reducer.

2 2
(NPSHy), = (NPSHy), N, =7.50 ft(_zﬁég =497 ft
N, 3500

1

NPSH, = hy, — hy — hy— h,,: Some data from Prob. 7.14.

. ’ in’ b. Water at 180°F, b = 17.55 ft;
0 hpy= D 25D T340 aera w
y in®> 62.2b ft 7= 60.6 Ib/ft’
hy = 10.0 ft; A,= 6.0 fi; hyy = (14.4)(144)/(60.6) = 34.22 ft
hy=1.17 (Table 13.2) NPSH,3422 -10-6-17.55=0.67 ft
NPSH,=3334-10-6-1.17=16.17ft Cavitation will likely occur!

NPSH, = hyy — Iy — hy— h,, = 34.48 — 4.8 = 2.2 — 6.78 = 20.70 ft
3 tn 2

hy= 4TI M 14T P _ 34485

in 61.41b ft ¥

hy = 4.8 ft; hy=2.2 ft; h,, = 6.78 ft (Table 13.2) Water at 140°F

PUMP SELECTION AND APPLICATION 215



13.54 NPSH,=hg, + hy— hy— hy,=11.47+2.6-0.80 - 1.55=11.72m
b — Pun _98.5KN m’
Yooy m?  8.59kN

po— Pop 133N m’

Ty m’>  8.59kN

=11.47 m; hy= 2.6 m; hy=0.80 m

=1.55m

13.55 NPSH, = hy, — hy— hy—h,,

2
hyy = Lam = IOI'SZkN = - 10.68m; k=20 m; h,,=4.8m
¥ m 9.53kN
LY vl v} v} (L) %
he= = =2+K =+ 2002+ f,| = | =%+ NOTE: f;7=0.018
f fs(Dlzg 12g fsr( )2g fz D 22g fST
Friction 3 in Foot valve Elbow Friction 2 in K, =75r="75(0.018) = 1.35

Q 300 L/min Im’/s _1.05m v} _(1.05)°

o= 2o nin_ _Lom b =0.0560 m
4, 4768x107 m® 60000 Limin s ' 2g  2(9.81)
N, =28 _QONOOTT9) 5 5,405, By 00779 4604, 1= 0.0195
: 1% 3.60x10 e 4.6x10
2 2
e £ 300/60000_231m v} @3V o
4, 2168x107 s 2g 2(9.81)
Ny, =222 23D gy g5 Do _q141, 5= 0.0202
T T 360%10 z

hy= 0.0195)—22™ (0,056 m) + 1.35(0.056) + (0.018)(20)(0.056)
0.0779 m

1.5
+(0.0202) —=— (0.271
( V50525 O+
hy=0.280 m

NPSH,=10.68-2.0-0.280-4.97=343 m

For all problems 13.56 — 13.65: NPSH, = hy, £ hy — hy— h,,
See Section 13.11, Equation 13-14. See Figure 13.37 for vapor pressure head #,,.

13.56  Find NPSH,: Carbon tetrachloride at 150°F; sg = 1.48; p,, = 14.55 psia; h, = -3.6 ft; hy=1.84 ft
hy,=16.3 ft

Open tank: hy, = po/¥= Pam/y= (14.55 1b/in’)(144 in*/ft*)/[1.48(62.4 1b/ft°)] = 22.69 ft
NPSH, =22.69 — 3.6 — 1.84 — 16.3 = 0.95 ft (Low)

13.57 Find NPSH,: Carbon tetrachloride at 65°C; sg = 1.48; p,, = 100.2 kPa; A, = ~1.2 m; hy=0.72 m
hy=4.8m
Open tank: kg, = po/y= poml y = (100.2 KN/m?)/[1.48(9.81 kN/m*)] = 6.90 m
NPSH,=6.90~-12-0.72 - 4.8 =0.18 m (Very low)
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13.58 Find NPSH,: Gasoline at 40°C; sg = 0.65; pom = 99.2 kPa; A, =-2.7m; hy=1.18 m
hy=140m
Open tank: Ay, = po/¥= Panl ¥ = (99.2 KN/m*)/[0.65(9.81 kN/m’)] = 15.55 m
NPSH,=15.55-2.7-1.18 — 14.0 = -2.33 m (Cavitation expected)

13.59 Find NPSH,: Gasoline at 110°F; sg = 0.65; poum = 14.28 psia; h, = +4.8 ft; h,=0.87 ft
hy,=51.0 ft
Open tank: Ay, = po,/¥= Pam! y = (14.28 1b/in’)(144 in*/11°)/[0.65(62.4 1b/ft*)] = 50.70 ft
NPSH, =50.70 + 4.8 = 0.87 — 51.0 = 3.63 ft

13.60 Find NPSH,: Carbon tetrachloride at 150°F; sg = 1.48; p, = 14.55 psia; A, = +3.66 ft; hy=1.84 ft
h, =163 ft
Open tank: Ay, = po,/y= pam!/y = (14.55 1b/in%)(144 inz/ftz)/[l 48(62.4 Tb/fth)] = 22.69 ft
NPSH,=22.69+3.67—- 184 -163=8.22ft

13.61 Find NPSH,: Gasoline at 110°F; sg = 0.65; po, = 14.28 psia; h, = -2.25 ft; h,=0.87 ft
hy,=51.0 ft
Open tank: Ay, = po/y= Pam! y = (14.28 1b/in’)(144 in*/ft°)/[0.65(62.4 Ib/ft)] = 50.70 ft
NPSH,=50.70 - 2.25 - 0.87 — 51.0 = -3.42 ft (Cavitation expected)

13.62 Find NPSH,: Carbon tetrachloride at 65°C; sg = 1.48; p, = 100.2 kPa; A, =+1.2 m; hy=0.72 m
hy=4.8m
Open tank: Ay, = py/y= pam/y= (100.2 kN/m?)/[1.48(9.81 kN/m’)] = 6.90 m
NPSH,=690+12-0.72-48=2.58m

13.63  Find NPSH,: Gasoline at 40°C; sg = 0.65; pm = 99.2 kPa; i, = +0.65 m; A= 1.18 m
hy,=14.0m
Open tank: Ay, = po/ 7= Dol 7= (99.2 KN/m’)/[0.65(9.81 kN/m’)] = 15.55 m
NPSH,=15.55+0.65—-1.18-14.0=1.02m

13.64 Find required pressure above the fluid in a closed, pressurized tank so that NPSH, > 4.0 ft.
Propane at 110°F; sg = 0.48; pm = 14.32 psia; h, = +2.50 ft; = 0.73 ft
h,, = 1080 ft
Solve Eq. 13-14 for required hy, = NPSH, — hy + he+ h,, =4.0 = 2.5+ 0.73 + 1080 = 1082.2 ft
P,, = yh, = (0.48)(62.4 1b/ft’)(1082.2 ft)(1 ft*/144 in®) = 225.1 Ib/in* = 225.1 psia
Gage pressure: Puak = Psp — Pam = 225.1 psia — 14.32 psia = 210.8 psig

13.65 Find required pressure above the fluid in a closed, pressurized tank so that NPSH, > 150.0 m.
Propane at 45°C; sg = 0.48; pam = 9.47 kPa absolute; i, = —1.84 m; hy=0.92 m
hy, =340 m
Solve Eq. 13-14 for required &y, = NPSH, — hy + hy+ hy, = 1.50 + 1.84 + 0.92 + 340 = 344.3 m
Py, = yhy, = (0.48)(9.81 kN/m’)(344.3 m) = 1621 kKN/m’® = 1621 kPa absolute
Gage pressure: P = Psp — Pam = 1621 kPa — 98.4 kPa = 1523 kPa gage
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CHAPTER FOURTEEN

OPEN CHANNEL FLOW

2
11 R=Z -T2 2 D TR g5 -
n ] e
—_/ Df2 i
14.2 R:i{i——: wd _ (2.75 m)(0.05 m) ~ 0367 m - W
WP W+2d [2.75+2(0.50)lm =
d
\ x| lx /
143 d=1.50 ft; W=3.50 ft, x = d tan 30° = 0.866 ft FAN:E
L =dlcos 30° = 1.732 ft < i’ | | / e =8

d L\/ e

A=Wwd+ 2[»12-34 = (3.50)(1.50) + (0.866)(1.50) = 6.549 ft*

WP =W+2L=3.50+2(1.732) = 6.964 fi
R = A/WP = 6.549 1t*/6.964 ft = 0.940 ft

14.4  Data from Prob. 14.3, but 0 =45°. x=dtan 45°=d=1.50 ft
L =d/cos 45° = 1.50/cos 45° =2.121 ft
A4 =(3.50)(1.50) + (1.50)(1.50) = 7.50 {t*
WP =3.50+22.121)=7.743 ft
R = A/WP =7.50 {t*/7.743 ft = 0.969 ft

145  W=150 mm; d=62 mm; X = 1.5d= 1.5(62) = 93 mm
L=~X?+d* =111.8 mm’
A Wd+Xd (150)(62)+(93)(62) 15066 mm®

== =40.3 mm
wP W+2L 150+2(111.8) 373.5 mm

146 d=d =20in L=+2>+2> =2.828in
A=(4)2)+ -;: (2)(2) =10 in’

i o ==y —
WP=4+2+2828=8.828 in d, / 2
R=A/WP=1.133 in ,

14.7  Data from Prob. 14.6. d=d>=3.50 in
A=4)2)+ —;— (2)(2) + (6)(3.50 - 2.00) = 19.0 in?

WP=350+4+2828+150=11.828in
R=A/WP=19.0 in’/11.828 in = 1.606 in
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148  A=(1.0)0.5)=0.50 m* WP=1.0+2(0.5)+2.0m
R=A/WP=050/2.0=0.25m

149 A= (1.0)(2.50) + 2[%(1.9)(3.8)}

=9.72 m’
WP = 2(4.249) + 2(0.60) + 1.0
=10.697 m

R=A/WP=0.909 m

14.10 A =(3.50)(2.0) = 7.00 m’, WP =3.50 +2(2.0) = 7.50 m
R=A/WP=0.933m; n= 0017 T

- _1_-(_)_O_R2/3S1/2 01 .00 (0 933)2/3(0 001)1/2 = 1.777 m/s
n

O=Av=(7.00 m )(1.777 m/s) = 12.44 m%/s [«—3.50—
ya=A/T=7.00m%3.50 m=2.00 m

r= /gy, = L777 mis = 0.401
J(9.81 m/s%)(2.00 m)

14.11 See Prob. 14.7. d, =3.50 in; 4= 19.0 in’; WP = 11.828 in; R = 1.606 in
A=19.0 in’(1 ft*/144 in®) = 0.132 ft*

WP =11.828 in x =0.986 ft

121in

=0.134 ft

R=1.606inx ¢
121

g= f_z_ 401n ft
L 60ft l2in

Q 1.49 AR2/3S1/2

n

=0.00556; n=0.013 given

149 (0 132)(0.134)*(0.00556)"* = 0.295 ft*/s

2
7O aiae

14.12  S=11500 ft=0.002; n = 0.024; A =
=D/2 = n(6)/2 = 9.425 ft; R = A/WP = 1.50 ft

= 1 19 gy o 19 g (14140, 50)>(0.002)"> = 51.4 ft'/s
n

Q=

14.13 A =(0.205)(0.250) = 0.05125 m’; WP = 0.205 + 2(0.250) = 0.705 m
R=A/WP=0.0727 m; n=0.012; Q0= 100 ypengm
n

:[ nQ T:[ (0.012)(0.0833) T=00125

AR | 7| (0.05125)(0.0727)*"
3
where O = 5000 L/imin x —"/S _ — 0,0833 m’/s
60000 L/min

OPEN CHANNEL FLOW
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14.14 See Prob. 14.8 for d = 0.50 m; Prob. 14.9 for d=2.50 m

S=0.

a.

50% = 0.005, n=0.017
d=050m; 4A=0.50m’ R=0.25m

0= 1—99 ARV = L OO (o 50)(0.25)*°(0.005)"” = 0.825 m*/s
b. d= 250m A=9.72m’ ,R 0.909 m
0= l—0—0—(9 72)(0.909)*%(0.005)"* = 37.9 m’/s
14.15 a. Depth=3.0 ft: L 121t
4=(3)(12) + 2[1 (3)(3)} 45 ft? ‘ i 7 i *‘—
2 - A \ — Aon
WP =12 + 2(4.243) = 20.485 ft / L =/FFF=42431
R = A/WP = 45/20.485 =2.197 ft
0= 1—‘19—(45)(2 197)*3(0.00015)"> = 34.7 ft’/s
b. Depth = 6.0 ft: | L2 3T 3% = 2,828
A=4)(12) + 2[-{4)(4)} e VAT AT = 5,657 \
— \ /.
e r_/ )
+ (2)(40) + 2[ <2)(2> ,l\ |4 | | 8
|
A =148 ft’ L__12._. 4 l..‘oJ —2
WP = 2(2.828) + 2(10) + 2(5.657)
+12=48.97 ft
R=A/WP = 148/48.97 =3.022 ft
0= l—f‘—9—(148)(3 022)*3(0.00015)"* = 141.1 ft*/s
416 AR — "9 _ (0.015150) _
' 1.49S"%  (1.49)(0.001)""* ' i Z[
A 10y
A=10y; WP=10+2y; R= —=
¢ P WP T 10+ 2y F—10r—
10 2/3
AR =10y| —2—|  Find y such that AR”® = 47.75
10+2y

By trial and error, y = 3.10 ft;

2/3
AR =10(3. ){—l(l@‘l)—} =47.78

220
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14.17 AR™=

14.18

14.19

nQ _(0017)15) _ ¢ s
1.00S"% ~ (0.001)"> N e—30m— y D

BT
A=3.00)+ 2[l(y)(y)} =3y + ) ’<L\ %“y
2 MUV vty

WP=3.0+2L=3.0+ 22y
3y+y2 2/3
AR =3y +y))| ——<—| By trial,
O3 oesy | Y
for y = 1.69 m, AR”* = 8.02

$=10.075/50 = 0.0015

Sy = 12 _(001H2.0) _ o) —_—
1.00S"%  (0.0015)'*

A=04W, WP=W+0.8

- A = 0.4m : Then AR™® = 0.4W 04W :By trial, W'=3.55m
W +0.8

0A4Am

wP W+0.8

Fory*lSOmX 225m
L=1.803(1.5)=2.704m 1 X115y —30m—df X=15y [

A=03X1. 5)+2[ . 5)(225)} 7.875 m’ /\i j/_/_]z/?

= /yI+{TE5)Z = 1.803
WP=3.0+2(2.704) = 8.408 m s_o.w cocor

R=4/WP="7.875/8.408 =0.937 m

0= —130—(7 875)(0.937)*3(0.001)"* = 15.89 m’/s

v=L- 1_5_§2£/_ =2.018 m/s; Top width = T'=3.0 + 2X="7.50 m

A 7.875m?

Hydraulic Depth =y, = —4~M =1.05m

T 750m
2.018

J“ JO.81)1 05)

Froude No. = Ny =

Find critical depth for O = 15.89 m’/s: Let Nz= 1.0 = \/Q_/A_ D
Vi

A =3y +Xy=3y+(L.5)(3) =3y + 1.5

I'=3+2X=3+2(1.5)y=3+3y

Jgd 2 .
FromEq.@, Q:_S__ orgz—:&i or —T— - £ = 9.81 =0.0388

T £ 0 (1589

But —];3 = méjﬁ!__; : Find y such that _T? =(.0388
A

A [3y+1.5y°]
By trial, y = 1.16 m =y, = Critical depth

OPEN CHANNEL FLOW
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14.20 Each trough:

3
O = 250 gal/min —l—f-t.-/-s—— =0.557 ft'/s T EEE N
449 gal/min hl - /\
o :(0.017)(0.55”72) 00635 o e
1.495'2  (1.49)(0.01)
A= (1.0)(h)% =h2
WP=h+L=h+I+h Find / such that AR”® = 0.0635
R=A _ M2 By trial, & = 0.458 ft
WP pi1+h
2/3
nl w2
AR = _I: J
2\ h+ 1+ 1
1421 Q=500 galiminx — 15 =1 114 s —T
' 8 449 gal/min ' o
R nQ _ (0.013)1L114) _ NLL
1.498"2  (1.49)(0.001)"
2
A=nDY8 Wp=npi; R= L 7D 2 D
wp 8 zD 4
2 2/3 20 12273 8/3
AR = D 2} I _7D) o 56y = 0.307
8 |4 8(4) 8(2.52)
3/8
Then D = [9391} =1.29 ft
0.156
1422 A=1.00(); WP=1.00+2y; R= —2 —1.00 m—
1+2y - — -
£ _
ym)  A(m’)  R(m) y A R §c o
010 010 00833 080 080 03077 g | \
020 020 01429 100 100 03333 M 4m oy
030 030 01875 150 150 03750 8} 2 H<B
040 040 02222 200 200 04000 ‘gL olZET
0 04 08 12 18 20
050 050 0250 ¥ (m)
0.60 060  0.2727
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1424 Q=

Data from Problem 14.23.

14.25 and 14.26

14.23 Q= Av=(0.80 m)(y)(v) l—-0.80 m-—»
3 e —
= 0 2.00m’/s ~0833m y
0.80  (0.80 m)(3.0 m/s)
WP=0.8+2y=0.8+2(0.833) =2.467 m; 4 = 0.8(y) = 0.8(0.833) = 0.666 m”
A _0666m° o m
WP 246Tm
2
100 pans SV 5= ngzgm} _ (0.015)(2.00)2/3 — 0.0116 m®
AR (0.666)(0.270)

2.00 = y
@=Av=pyuy= _VI%~ W(3.0)
o we —w—
WP=W+2y;R= —
wp
[ n0 T_ (0.015)(2.00)}2
AR2/3 AR2/3
W(m)  y=2/3W WP=W+2y A=Wy R=A/WP S
0.50 1333 m 3.167 m 0.667 m’ 02105m  0.0162
0.75 0.889 2.528 0.667 0.2637 0.0120
1.00 0.667 2.333 0.667 0.2857 0.0108
1.25 0.533 2317 0.667 0.2878 0.0107
1.50 0.444 2.389 0.667 0.2791 0.0111
1.75 0.381 2512 0.667 0.2654 0.0119
2.00 0.333 2.667 0.667 0.2500 0.0129
| | 1 T
Prob. 14.25 Prob. 14.26
o30T 1 ( T
E 0.28 +- 1 \ // \ 0-01'
€ gogl 10 1 oo
- 0.28 z v R"/\ @0
§ 024+ =0 i :V 00148
2 022l 5o \J\ T lo012?
g. 0.2+ 0 S }0.010
_ 0
0 00 %50 1.00 1.50 200
Width W (m)

OPEN CHANNEL FLOW
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14.27 From Table 14.2:
A= (b+zy)(y)=[2.00+ 1.5(1.667)](1.667)

14.28

14.29

=7.50 ft*
WP =b+2y\1+z

= 2.0+ 2(1.667TW1+1.52 =8.009 ft
R = A/WP =7.50/8.009 = 0.936 ft

Data from Prob. 14.27
AR2/3Sw2 -

Q:

149

n

1.49
0.017

Same as 14.28 except n = 0.010 — plastic:

0= —"2_ (7.5)0.936)

1.49
0.010

14.30 and 14.31
b=2.00 ft; z=1.50; $=0.005; n =0.017

3(0.005)"” = 75.63 ft*/s

\ ———rn ommm—
Zz
l

201t
b

z=1.50

|

y=200in x5 1.667 %

n =10.017 — formed unfinished concrete.

(7.5)(0.936)*°(0.005)"* = 44.49 ft*/s

224

A=(b+zy)y: WP=b+2\I+z* ; R=A/WP; Q= 149 peng
n
yin)  y(ft) A(ft%) WP(ft) R(ft) O(ft'/s)
6.00  0.500 1.375 3.803  0.3616 4325
10.00  0.833 2.708 5005  0.5412 11.147
1400  1.167 4375 6206  0.7049 21.476
18.00  1.500 6.375 7.408  0.8605 35.745
2200  1.833 8.708 8.610 1.0114 54.380
2400  2.000 10.000  9.211 1.0856 65.466
Ia 70
\
// “ g
- -
~ 10+ 10 4 50 =z
. 081 o
3 081 <8 v A 0 §
[+ . -
g 0.4+ 3 4 s 20 Q
- - 2 //A\ /
3, .
£ 02+ 2 / 10
04+ obn,
0 6 10 14 18 22 28
Depth, y (in)
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1432 D=0.375m; y=0.225 m > D/2 — See Table 14.2.
0 =m+2sin"'[(2y/D) ~ 1] = 3.544 rad
_ (0-sin®)D* _ (3.544 —sin 3.544)(0.375)° m’

4 2 : =0.06919 m’
WP = 6D/2 = (3.544)(0.375 m)/2 = 0.665 m
R= [H—sm 9}2{3.544—&11 3.544}0.375 ™ _ 0.104 m

o 4 3.544 4

1433 D=0.375m;y=.135m < D/2 — See Table 14.2.

} 1 1_2(0.135)
O0=m—2sin [l -2y/D]=m—2sin” 0.375 | =2.574rad

_ (§-sin@)D* (2574~ sin 2.574)(0.375)’

A =0.0358 m’
8 8
WP = 0D/2 = (2.574)(0.375 m)/2 = 0.482 m
R= f—-smnéb _1?_ _ 2.574 -sin2.574 10.375m - 0.0742 m
2 4 2.574 4

14.34 S§=0.0012; n=0.013; Data from Prob. 14.32:

0= 100 gors g2 _ 100 (0.06919)(0.104)**(0.0012)"” = 4.08 x 107> m*/s
0.013 0.013

14.35 §=0.0012; n=0.013; Data from Prob. 14.33:

0= 100 gengye  1.00 (0.0358)(0.0742)**(0.0012)"” = 1.68 x 107> m/s

0.013 0.013
14.36, 14.37, 14.38

O =125 ft'/s; v=2.75 fi/s; A = Q/lv = 0.4545 £t* (All)

Rectangle: y= /-246 = /0'425 4 04767 b= 2y = 0.9535 ft

R=y/2=0.4767 ft/2 = 0.2384 ft
o [ nQ T _[ (0.015)(1.25) T _[0.02768}2 _[ 0.02768 T

1.49 AR (1.49)(0.4545)R*" R*? (0.2384)*"
=0.00519
2
yo= A 04767 f1: Np= —2e = 275
T 2y Jgv,  (322)(0.4767)

=0.702 < 1.0 Subcritical
Triangle: y = /4 =+/0.4545 =0.674 ft; R = 0.354y = 0.2387 ft

_ | 02768 1 _ g gos1s
(0.2387)
2
=AY Y 0337 fi Np= ——21°___ —0.835 < 1.0 Suberitical
T 2y 2 J(32.2)(0.337)
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A 0.4545

Trapezoid: y = |— =, |———— =0.5126 ft; R =y/2 = 0.2563 ft
1.73 1.73
S= —9—9&82,7 = 0.00471;
(0.2563)™"
p=do_ A 088 g4
T 2309y 2.309(0.5126)
Np= 2.75 = (.782 < 1.0 Subecritical
\(32.2)(0.3841)
2
Semicircle: 4 = Zr--)i-; y=, ,% = ’w =0.5379 ft
2 T T
R=y/2=0.269 ft. S= -9—9—2—295—5 = 0.00441
(0.269)
2
ya= ALY Y6 ap05 1y
T 22y) 4
Np= 2.7 =(0.746 < 1.0 Subcritical
\J(32.2)(0.4225)
v 0 o g
1439 a. Wheny=y,Ny=10= = = - i
Jo, Ao eyJor bJgy”

5.5

_ Q 2/3 i
Theny L\/ENJ {2.0\/9.81(1.0)

2/3
:! =0917Tm=yp,

b.  Minimum £ occurs when y = y,.: From Eq. 14.18:

2 2 2
Emin:yc+ Q >=Y.t Q 7=t Q2 2
2g4™ 7 2g(by.) 2gb°y,
2
=0.917 + L
2(9.81)(2.0)°(.917)
Ein=1375m
— —-T—-.
c.  See spreadsheet and graph for values of y versus E. = ;_:I:
5.5°
d. Fory=050m; E=0.50+ b=20m
Y 2(9.81)(2.0)°(0.5)° — . m'_l"—
=2.042m hTTT Y

From spreadsheet, alternate depth = 1.934 m

p=8.9_ 35 y Y
A by 20y Jo

For y=0.5m, v=5.50 m/s; Ny =2.48
For y=1.934 m, v=1.418 m/s; Np=1.325

226 Chapter 14



14.39 (continued)

Rectangular channel

h=2 Q=55 n=10.017
E=y+0.3854/y° Only for this problem
y = Emin:

0.0917  1.375 Critical depth—See Solution Manual

d), e), 1)
Given y = E A Velocity Ng R S

0.50  2.04160 1.000 5.500 2.483 0.333 0.0378 Giveny

1.9391 2.04160 3.878 1.418 0.325 0.660 0.0010 Alternate depth for given depth
by iteration on y to make E the
same as for the given y

y E c) Equation for E (in m) as a function of y: 4 = by; 4> = 5%
0.5 154.2 Given: b=2.0m; Q=5.5m’/s;v=0/4
020 omss E=y+vi2g=y+ Ql2gd’ = Q*/2gh’y’
0.40 2 809 E=y=(5.5)/[3(9.81)(2.0)%%] = y + 0.3854/)"
0.60 1.671 )
0.80 1.402 o,
100 1385 D S"[ARM },A¢by——2.0y
1.20 1.468 WP = b+ 2y =242
1.40 1.597
1.60 1.751 p=A_20p _»y
1.80 1.919 WP 2+2y l+y
2.00 2.096
2.20 2.280 5
2.40 2.467
2.60 2.657 4-
2.80 2.849
3.00 3.043 3
3.20 3.238 £
340 3433 =
3.60 3630 S5 f y=1934m
3.80 3.827 1 Alternate depth
4.00 4.024 14 | y=0.05m
4.20 4222 A -
4.40 4.420 1 : ,
4.60 4618 1 2 3 4 5
E(m)
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14.40 Circular Channel

O= 145m’s
D= 120m
ym)  Orad) A(m’)
y less than D
0.10 1.171  0.0450
0.20 1.682  0.1239
0.25 1.896  0.1707
0.30 2.094  0.2211
0.40 2462  0.3300
0.50 2.807  0.4460
0.60 3.142  0.5655
y greater than D
0.658 3335  0.6349
0.70 3476  0.6849
0.80 3.821  0.8010
0.90 4.189  0.9099
0.913 4238  0.9231
1.00 4.601 1.0071
1.199 6.168 1.1309
1.20 6.283 1.1310

T(m)

0.6633
0.8944
0.9747
1.0392
1.1314
1.1832
1.2000

1.1944
1.1832
1.1314
1.0392
1.0240
0.8944
0.0693
0.0000

n=

¥ h(m)

0.068
0.139
0.175
0.213
0.292
0.377
0.471

0.532
0.579
0.708
0.876
0.901
1.126
16.330

#DIV/0!

0.015 Finished concrete

Ng E(m)
39.478  52.982
10.039  7.181
6481  3.928
4539 2492
2.597  1.384
1.690
1.193  0.935
0.924
0.888  0.928
0.687  0.967
0.544  1.029
0.528
0433  1.106
0.101  1.283
#DIV/0!  1.284

Velocity
(m/s)
32.211
11.703
8.494
6.558
4.394
3.251
2.564

2.284
2.117
1.810
1.594
1.571
1.440
1.282
1.282

Given y

Critical depth

Alt depth for given y

Nearly full pipe depth
Full pipe
(v» and N undefined)

Part f of problem: Slopes for given y and alternate depth

y(m) R(m) &)
0.50 0.2649 0.0140  Sfor given y
0.913 0.3630 0.0021 S for alternate depth

Problem 14.40 Procedure: Refer to Table 14.2 for geometry of a partially full circular pipe.

a) Forgiven Q, D, and y: Compute 6, A, T using equations in Table 14.2.

Compute Ny = v/\/gzz:Q(A gyh).

Iterate values of y until Ny = 1.000. See spreadsheet: y. = 0.658 m.
b) Minimum specific energy: E=y +v/2g =y + Q%/(2g4%)
From spreadsheet, with y =y, = 0.658 m: Epi, = 0.924 m.

1.57]
¢)

Specific energy versus y:

See spreadsheet using equation in b). 1 o-

d)  Specific energy for y = 0.50 m: §
E =1.039 m from spreadsheet.

Iterate on y to find alternate depth for which
E=0.1039 m. 0

See spreadsheet: y,¢ = 0.913 m.

0.5 1

0.5

e) Velocity=v=Q/A, Nr= v/ gy, = Q/(A 2, ) . See spreadsheet

For y = 0.50 m: v = 3.251 m/s, Ny = 1.690. Supercritical
For y =0.913 m: v = 1.571 m/s, Nr= 0.528. Subcritical.

228 Chapter 14



f)  Compute WP = 0D/2 (See Table 14.2). Compute R = A/WP.

Compute S: [

nQ :
AR2/3

See spreadsheet: For y = 0.50 m, S = 0.0140. For y =0.913 m, = 0.0021.

14.41 Triangular channel

z= 1.5 n=10.022

Q= 0.68ft'/s

y(t) A(ft) V(ft/s)  T(ft) yu(f) Nr E(ft)
0.20 0.060 0.60 0.100 6316  2.194
0.25 0.094 7.253 0.75 0.125 3.615 1.067
0.30 0.135 0.90 0.150 2.292 0.694
0.40 0.240 1.20 0.200 1.116 0.525

0.418 0.262 2594 1.254 0.209 1.000 0.523
0.50 0.375 1.50 0.250 0.639  0.551
0.60 0.540 1.80 0.300 0.405 0.625
0.70 0.735 2.10 0.350 0276  0.713
0.80 0.960 240 0.400 0.197 0.808
0.90 1.215 2.70 0.450 0.147 0.905
1.00 1.500 3.00 0.500 0.113 1.003
1.065 1.701 0.400  3.20 0.533 0.097 1.067
1.10 1.815 3.30 0.550 0.089 1.102
1.20 2.160 3.60 0.600 0.072 1.202
1.30 2.535 3.90 0.650 0.059 1.301
1.40 2.940 4.20 0.700 0.049 1.401
1.50 3.375 4.50 0.750 0.041 1.501

Slopes at given depth and alternate depth

y(ft) R(ft) S

0.25 0.10401 0.521 Slope for given depth
1.065 0.44307 0.000229  Slope for alternate depth

Given y

Critical depth

Alternate depth

Problem 14.41 Procedure: Refer to Table 14.2 for geometry of a triangular channel.

a) For given @, z, and y: Compute 4, T using equations in Table 14.2.
Compute Nr= v//gy, =Q/(A 47 ) .

Iterate values of y until Nz = 1.000.

See spreadsheet: y, = 0.418 ft.

b) Minimum specific energy:
E=y+v/2g=y+ Qg4
From spreadsheet, with y =y, = 0.418 ft:
Eoin = 0.523 ft.

1.57

toT=-==---

y(f)

0.5 1

0

y=1.065 ft

y=0.25 it

¢) Specific energy versus y: See spreadsheet using equation in b).

d) Specific energy for y = 0.25 ft: £ =1.067 ft from spreadsheet.
Iterate on y to find alternate depth for which £ = 0.1067 ft.

See spreadsheet: y,;, = 1.065 ft.
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e) Velocity=v=0/4, Ne= v/\|gy, = Q/(A,/gyh ) . See spreadsheet

For y = 0.25 ft: v = 7.253 ft/s, N = 3.615. Supercritical
For y = 1.065 ft: v = 0.400 ft/s, N = 0.097. Subcritical.

f)  Compute WP = 2y+1+ 2z (See Table 14.2). Compute R = A/WP.

nQ ?
Compute S: [W}

See spreadsheet: For y = 0.25 ft, § = 0.0521. For y = 1.065 ft, S = 0.000229.

14.42 Trapezoidal channel
z= 0.75 n=0.013
0= 080ft/s b=13.000 ft

ydt) — AGO)  Vdts) TE)  Y,(fe) Ny E(fY)

0.05 0152 5267 308 0049 4177 0481 Giveny
0.1 0308 2602 3.5  0.098 1467  0.205

0.1288 0399  2.006 3.19 0125  1.000 0.191 Critical depth
020 0630 1270 330 0191 0512 0225

025 0797 1.004 338 0236 0364  0.266

030 0968  0.827 345 0280 0275 0311

040 1320 0.606 3.60 0367  0.176  0.406

04770  1.602  0.499 372 0431  0.134  0.481 Alternate depth
0.50  1.688 0474 375 0450  0.125  0.503

060 2070 038 390 0531 0093  0.602

070 2468 0324 405 0609 0073  0.702

0.80 2880 0278 420  0.686  0.059  0.801

090 3308 0242 435 0760  0.049  0.901

100 3750 0213 450  0.833 0041  1.001

1065  4.046  0.198 460 0880 0037 1.066

110 4208  0.190 465 0905  0.035 1.101

120 4680  0.171 480 0975  0.031  1.200

130 5.168  0.155 495  1.044  0.027 1300

140 5670 0.141 510 1112 0024  1.400

150 6188  0.129 525  1.179 0021  1.500

Slopes at given depth and alternate depth

y(ft) R(ft) S
0.05 0.0486 0.264 Slope for given depth
0.477 0.3820 0.000152  Slope for alternate depth

Problem 14.42 Procedure: Refer to Table 14.2 for geometry of a trapezoidal channel.

a) For given Q, b, z, and y: Compute 4, T using equations in Table 14.2.
Compute Np= v/\/gy, =Q/(A gyh).
Iterate values of y until Ny = 1.000. See spreadsheet: y. = 0.1288 ft.

b) Minimum specific energy: E =y +1*/2g =y + 0*/(2g4°)
From spreadsheet, with y =y, = 0.1288 ft: E, = 0.191 ft.

¢) Specific energy versus y: See spreadsheet using equation in b).
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14.43

14.44

14.45

14.46

14.47

d) Specific energy for y =0.05 ft: £ =0.481 ft 15
from spreadsheet.
Iterate on y to find alternate depth for which 1.07
E=0.481 ft. < y=0.477 ft
See spreadsheet: y,, = 0.4770 ft. 054 - -
| y=0.05ft
e) Velocity=v=0/d, Ne=v/\Jgy, =0/( ey, ). o = y=005

05 10 15 2.0
See spreadsheet
For y = 0.05 ft: v=5.267 ft/s, N; = 4.177. Supercritical E(ft)
For y = 0.4770 ft: v = 0.499 ft/s, Ny = 0.134. Subcritical.

f) Compute WP =b+ 2y\1+2z* (See Table 14.2). Compute R = A/WP.

2
Compute S: [——’;—e%;}

A
See spreadsheet: For y = 0.05 ft, S = 0.264. For y = 0.4770 ft, = 0.000152.
| & |
H,.x = 6 1in/tan 30° = 10.4 in x {t/12 in = 0.867 ft T e 7 -
e = 1.43 H?2 = (1.43)(0.867)*7 = 1.00 ft*/sec o .
Q max ( )( ) M'- : Qe %.30.
!
i

H=15 ft; H.= 3 ft; Q = 15 ft'/sec; use Eq. (14.15) ,’
O =1[3.27 + 0.40(1.5/3.0)][L — 0.2(1.5)](1.5)"”
= (3.47)(L — 0.3)(1.838)
3= 9 = 15 =2.36 ft
(3.47)(1.838) (3.47)(1.838)
L =236 ft+0.30 ft = 2.66 ft

(O =3.27+ 0.40H/H,)LH*"?

H=2ftL=6f 20 /
Prob. (15.10) _(15.11) 16 /
HGn) H(ft) — Q(ff/sec) 0 7 /
0 0 0.00 0.00 2 ! //
2 167 1.35 134 S s .
4 33 3.84 3.80
6 500 7.14 7.03 =
§ 667 11.10 10.90 ol
10 833 1570 15.48 .
12 1.000  20.80 2040

O=(3.27 + 0.40H/H(L — 0.2H)H>"? —T
Negligible difference on graph.

(@) O=(3.27+0.4H/H)LH"? =327+ 0.4(1.5/4))(3)(1.5)** = 18.8 ft*/sec
(b) 0= 327+ 0.4H/H)L - 0.2H)H” = (3.42)(2.70)(1.5)** = 16.95 ft*/sec
(c) O=248H"=(2.48)(1.5)"" = 6.84 ft’/sec

OPEN CHANNEL FLOW
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1448 Q=248H"

H(in)  H(fty  Q(ft'/sec) /
5 5 5 25 /
2 167 0283 20 /
4 333 159 3 /

6 500 439 215 /
=
8 667 900 310
10 833 1.57 /
12 1.000 248 5 —
/-
1449 O=3.07H"% % 2 4 & 8 10 12
H'=0/3.07 .. H=(Q/3.07)""¥ H (inches)

Min Q = 0.09 ft'/sec
H=(0.09/3.07)""°% = (0.0293)"**
=0.10 ft
Max O = 8.9 ft'/sec
H=(8.9/3.07)"" = (2.90)*%*
=2.01 ft

14.50 L =8.0 ft; Omin = 3.5 ft'/s; Opax = 139.5 ft'/s
O =4.00 LH"; H = [Q/4.00)L)"" = [Q/(4.00)(8.0)]""*" = [0/32]"**
Oumin = 3.5 ft'/s; H=1[3.5/32]""*" = 0.253 ft
Ouax = 139.5 ft*/s; H =[139.5/32]"%" = 2.496 ft

H(Tr) O(ft /sec) 1507
0.25 3.434 @
o~ 100
1.00 32.000 £
1.50 61.469 50
2.00 97.681
225 118.077 0 —
250 139.905 05 10 15 2.0 2.5

H(ft)

1451 a) Q=50f/s; L=4.01t;Q=4.00LH";n=158
H = [0/(4.00)L]"" = [50/(4.00)(4.0)]""** = [3.125]> = 2.06 ft

b) L=10.0ft
O = (3.6875L + 2.5)H"® = 39.375H"°

111.6 0.625
H:( 0 j :[—iq——) =1.185 ft

39.375 39.375
14.52 Trapezoidal channel—Long-throated flume — Design C: H=0.84 ft; Q = K;(H + K;)"

K, =16.180; K, = 0.035; n = 1.784
0 =16.180[0.84 + 0.035]" ™ = 12.75 ft’/s = Q
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14.53 Trapezoidal channel—Long-throated flume — Design B: H = 0.65 ft; Q = K{(H + K3)"
K, =14.510; K, = 0.053; n = 1.855
0= 14.510[0.65 + 0.053]"*° = 7.547 ft'/s = Q

14.54 Rectangular channel—Long-throated flume — Design A: H = 0.35 ft; 0 = b.K,(H + K5)"
b, = 0.500 ft; K, = 3.996; K, = 0.000; n = 1.612
O = (0.500)(3.996)[0.35 + 0.000]"°"* = 0.368 ft'/s = Q@

14.55 Rectangular channel-—Long-throated flume — Design C: H=0.40 ft; Q = b.K,(H + K;)"
b, =1.500 ft; K, =3.375; K, =0.011; n = 1.625
O = (1.500)(3.375)[0.40 + 0.011]"* = 1.194 ft'/s = Q

14.56 Circular channel—Long-throated flume — Design B: H=0.25 ft; 0 = D*° K, (H/D + K,)"
D =2.00 ft; K; = 3.780; K, = 0.000; n = 1.625
0 = (2.00)*°(3.780)[0.25/2.00 + 0.000]"*** = 0.729 ft’/s = Q

14.57 Circular channel—Long-throated flume — Design A: H=0.09 ft; Q = D™’ K, (H/D + K,)"
b, =1.00 ft; K; = 3.970; K, = 0.004; n = 1.689
0 = (1.00)*°(3.970)[0.09/1.00 + 0.004]"%* = 0.0732 ft’/s = Q

14.58 Rectangular channel—Long-throated flume — Design B: Q = 1.25 ft'/s; Find H.
Q= b, K\(H+ K" b.= 1.00 ft; K; = 3.696; K, = 0.004; n = 1.617
Solving for H: H=[Q/(b.K)]"" — K> = [1.25/(1.0)(3.696)]"**'7 — 0.004 = 0.507 ft = H

14.59 Circular channel—Long-throated flume — Design C: Q = 6.80 ft*/s; Find H.
Q= D> K\(H/D + K)", D =3.000 ft; K, = 3.507; K, = 0.000; n = 1.573
Solving for H: H= D{[Q/D**)}(K)]"™ — K,} = 3.0{[6.80/(3.0>%)(3.507)]""*" - 0.00}
=0.797 ft =H

14.60 Select a long-throated flume for 30 gpm < Q < 500 gpm. Using 449 gpm = 1.0 ft*/s,
0.0668 ft'/s < Q < 1.114 ft'/s; Select Circular channel; Design A; Q = D** K{(H/D + K,)"
H = D{[Q/D**)YKD]'"™ - K»}; D= 1.000 ft; K, =3.970; K, = 0.004; n = 1.689
For Q = 0.0668 ft*/s: H=—1.0{[0.0668/(1.0>%)(3.970)]""%* — 0.004} = 0.0851 ft = H
For Q= 1.114 ft'/s: H=-1.0{[1.114/(1.0*°)(3.970)]""** — 0.004} = 0.467 ft = H

H Q(tt'/s)  O(gpm)

0.10 0.087 39.06
0.20 0.271 121.7
0.30 0.531 2384
0.40 0.859 385.7
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14.61 Given 50 m’/h < Q, 180 m’/h; Convert to ft'/s; 0.4907 f'/h < Q < 1.766 ft*/h
Specify Rectangular channel long-throated flume, Design B.
Find H for each limiting flow rate.
Q=b,K\(H+ K>)" b,=1.00 ft; K; = 3.696; K, =0.004; n=1.617
Solving for H: Hyn = [O/(bK)]"™ — K, = [0.4907/(1.0)(3.696)]""¢" — 0.004
=0.2829 ft = H,;,
Converting to m: Hy, = 0.0863 m for Q = 50 m’/h
Hoax = [Q/bKD]™ — K> = [1.766/(1.0)(3.696)1/1.617 — 0.004 = 0.629 ft = Hypy
Converting to m: Hy,, = 0.1917 m for Q = 180 m’/h

H(m) H(ft) O(ft'/s)  O(m’/h)
0.100 0.328 0.622 63.38
0.125 0.410 0.888 90.49
0.150 0.492 1.190 121.3
0.175 0.524 1.524 155.3
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CHAPTER FIFTEEN

FLOW MEASUREMENT

1/2 i
15.1 Q= (4, ——M-—_——Zg(p’_pg)/ /4 :(O.984)(7.854x10’3)[ 2(92381)(55)/9'53 o J
(474,) -1 Assamed  LI(7.854x107)/(1.964x107) —1

0 =2.12 x 102 m*/s= 0.0212 m’/s Now check Ny and re-evaluate C.

0 2.12x107 m’/s

4, 7.854x107 m?

v D, (2.70)0.10) _
v 3.60x107

= 2.70 m/s

Uy

N, = 7.5 x 10> Then C = 0.984; OK

152 py-p2 = 7uh = (9.81 KN/m?)(0.081 m) = 0.795 kN/m?
p—p, 0.795kN/m*> 10° N

X
Y air 12.7 N/m? 1 kN
Assume C = 0,98

1/2
0 = | 280170 =D | _ (0 0gy7 85010y 203DO0.8D/19810/12.7 1) e
(4/4,)" -1 nssumed | LL(7-854x107)/(1.964x107)F -1

0 = 6.96 x 102 m%/s

= 62.57 m

Check C from Fig. 15.5.
_ Q_696x107 m’/s
4 7.854x107

u D, _ (8.87)(0.100)
v 1.3 x 107°

= 8.87 m/s

Ny = = 6.82 x 10"} Then C = 0.98, OK

153 4, = 0.02333 fi%; 4, = 0.00545 ft*; 4,4, = 0.234
D = 2.067 in; d/D = 1.00/2.067 in = 0.484; try C = 0.605 (Fig. 15.7)

0 = ca,| 8B =PIIT | _ 4 cosy0.02333)] 2C2N05H(144)/51.2 "
(4,/4,)" 1 ' ' [(0.02333)/(0.00545)] —1

= 0.0332 ft*/sec
_ Q 0.0332 ft3/sec

Assumed

U, — = 1.42 ft/sec
4 0.02333ft
N, = vD,p :(l .42)(0.172351.60) - 114 % 10°
7 3.43x10

Then C = 0.612 (Fig. 15.7)—Recompute O
QO = 0.0332 ft’/sec x 0.612/0.605 = 0.0336 ft*/sec
v = Q/4 = 1.44 ft/sec; N, = 1.16 x 10*; No change in C
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154 Q =25 gal/min x 1 ft}/sec/449 gal/min =0.0557 ft'/sec
v =Q/A =0.0557 ft’/sec/0.545 ft* =0.1022 ft/sec
vDp _ (0.1022)(0.833)(0.83)(1.94) —55% 10"
2.5%10°
(a d/b =1.0/10.0 =0.10; C =0.595 (Fig. 15.7)
(b) d/D =7.0/10.0 =0.70; C =0.620

pipe N =

Solve for p, — p, from Eq. (15.5)
1/2
0 =4 Zg(pl—pz)/7 . Then Q2:C2 A12[i2g(p1*];2)/yil
Yo(4,/4,) -1 (4,/4,) -1
(4,7 4,)* -1
pr—py = 7L A) 1]
2g C°4;
(a) Ford =1.01in, A4, =0.00545 ft*; A,/4, =0.545/0.00545 =100
_ YO (A4, / 4,)" —1] _ (0.83)(62.4)(0.0557)*[(100)* —1]

— 2
Pr=p 2g C* 42 2(32.2)(0.595)2(0.545)° =238 Io/it
For Manometer
pi vy -y =p, L Py
Pi— Py =Yl —vah =h(y, = 1,) ﬁ 1
ho= 5‘—”1;1 Buty, =(0.83)(62.41b/f€) =518 Ib/f’  Ammonia] T'
w 4 h

=P, _ Ph—P, 238 lb/ﬁ2
62.4-518 10.61b/f 10.6 Ib/f
() Ford =7.0in, 4, = 270
4 1441n
A/4, =0.545/0.267 =2.04
_ yQ(A 1 4)F =11 (0.83)(62.4)(0.0557)*[(2.04)* 1]
 2g CA T 2(32.2)(0.620)*(0.545)
_ p—p, 00694 Ib/fi>
106 10.6 b/

i
S

=224 1t water

=0.267 ft’

P—p = 0.0694 1b/fe

=0.00655 ft

An orifice size between 1.0 in and 7.0 in would be preferred to give a more
convenient manometer deflection.

15.5 Find Ap across nozzle, Q = 1800 gal/min(1 ft*/s)(449 gal/min) = 4.009 ft*/s
v = /4, = (4.009 ft*/s)/(0.1810 ft*) = 22.15 ft/s
Water at 120°F; y= 61.7 Ib/ft’; v = 5.94 x 107® ft¥/s
Np=viDy/v=(22.15)(0.4801)(5.94 x 107%) = 1.79 x 10% Then C = 0.992
From Eq. (15-4), solving for p; — p, = Ap
Ap = [Wi/CY [(41/4,)" — 1] [12g] = [22.15/0.992]° [(0.18/0.0668)* — 1][61.7/(2(32.2))]
Ap = 3029 Ib/ft?* (1 ft'/144 in®) = 21.04 psi
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15.6  Find Ap across Venturi, @ = 600 gal/min(1 ft*/s)(449 gal/min) = 1.336 ft'/s
v = 0/A, = (1.336 ft'/5)/(0.0844 ft’) = 15.12 fi/s
Kerosene at 77°F; y=51.2 b/ v=2.14 x 107 ft*/s
Nz =wDy/v = (15.12)/(0.3355)/(2.14 x 107°) = 2.37 x 10°; Then C = 0.984
From Eq. (15-4), solving for p; —p, = Ap
Ap = [W/CP [(4:/4,)* — 1] [172g] = [15.12/0.984] [(0.0884/0.01227)* — 1][51.2/(2(32.2))]
Ap = 9551 I/ff? (1 ft*/144 in®) = 66.3 psi

15.7  Find O through an orifice meter. D, = 97.2 mm; 4, = 7.419 x 10 m* d = 50 mm = 0.050 m
A, =1.963 x 107 m*; 4,4, = 3.778; d/D = 0.05/0.0972 = 0.514; Trial 1: C = 0.608 for
Ne=1x10°
Ethylene glycol at 25°C: y=10.79 kKN/m’; v = 1.47 x 107 m®/s

1: C{Zgh[ﬂfm/}/;g —1]} _ 0. 608)[2(9.81)(0.095)/[132.8/10.79—l]}
(4,/4,) -1 [3.778] -1

v = 0.766 m/s; Tteration: New Ni = 5.07 x 10%; New C = 0.623
New v, = 0.785 m/s; New Ny = 5.19 x 10°; New C = 0.623 — Unchanged.
Final value of Q = A;v; = (7.419 x 10~ m*)(0.785 m/s) = 5.824 x 10> m’/s = Q

15.8  Orifice meter. Propyl alcohol at 25°C; = 7.87 kN/m*; v = 2.39 x 107° m’/s
1 1/2 in x 0.065 in wall steel tube: D; = 34.8 mm = 0.0348 m; 4, = 9.51 x 10™* m?
Let 8= 0.40 = d/D; Then d = 0.40 D = 0.40(34.8 mm) = 13.92 mm = 0.01392 m
A, = 72D%4 = 7(0.01392 m)*/4 = 1.52 x 107 m?; 4,/4, = 6.26
From Eq. (15-6), solve for A in mercury manometer; %, = 132.8 kN/m’

_ (47 4) -1y
2gC°[(7,./7,)=D]
Vimin = Omin/41 = (1.0 m*/h)/(9.51 x 10~ m*)(1 h)/(3600 s) = 0.292 m/s
Ngi = viDy/v=(0.292)(0.0348)/(9.51 x 10™* m?) =4.25 x 10%; C=0.619

_ 4 /A4,) -1l _ [(6.26)* —1](0.292 m/s)*

i =0.0273 m=27.3
26C (. 17.)~1] 20981 m/s?)(0.619)[(132.8/7.87) 1] o mm

min

Similarly, Vigax = 0.730 m/s; Ny = 1.06 x 10% C=0.610
Nax = 0.1754 m = 175.4 mm

15.9  Flow nozzle — Design: Install in 5 1/2 inch Type K copper tube; D; = 4.805 in; 4, = 0.1259 ft®
Specify the throat diameter d. NOTE: Multiple solutions possible.
Fluid: Linseed oil at 77°F; y= 58.0 Ib/ft’; v=3.84 x 107* ft*/s
Use mercury manometer with scale range 0 — 8 inHg
Range of flow rate: Quin = 700 gpm = 1.559 ft'/s; Opax = 1000 gpm = 2.227 ft'/s
Velocity in pipe: Vi-min = Omin/d1 = 12.38 ft/8; Vi_mpax = Omax/A1 = 17.69 ft/s
Reynolds No.: Ng_min = Viemin D1/ V=129 x 10%; Npcmax = Viemax D/ v=1.84 x 10*
From Figure 15-5: Cyin = 0.955; Cyax = 0.961
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15.10 Orifice Meter -— Design: Install in 12 inch ductile iron pipe; Dy = 12.24 in = 1.020 ft;

238

a)

b)

Use Eq. (15-6) and solve for 4, from which we can obtain the throat diameter d
Al

th2 1/2

vy

A2=

Where B = 2g[(#./710) — 2(32.2)[844.9/58.0) — 1] = 873.7
Let 2= 8.01in=0.667 ft when v= Vi_pu = 17.69 ft/s and C = 0.961

A= 0.1259 — =0.07635 f’ = nd’/4

(873.7)(0.667)(0.961 . v
(17.69)*

Then d = (44,/ 2" = [(4)(0.07635)/2]"> = 0.3118 ft = 3.741 in = Throat diameter

Use Eq. (15-6) and solve for % to determine the manometer reading when Q = Qpin.

h= v /C)z[(A1 /A2)2 —1]
B
For vi = Vi_pin = 12.38 ft/s and C = 0.955,

o IO 141 4) 1 _[(12.38/0.955)°[(0.1259/0.07635)" 1]
B 873.73

=0.3306 ft =3.97 in

Summary: Nozzle throat diameter = d = 3.741 in
When Q = 1000 gpm, ~ = 8.00 in manometer deflection
When Q =700 gpm, 2 = 3.97 in manometer deflection

td

A,=0.8171 ft?

Specify the orifice diameter d. NOTE: Multiple solutions possible.

Fluid: Water at 60°F; y= 62.4 Ib/ft’; v=1.21 x 107 ft*/s

Use mercury manometer with scale range 0 — 12 inHg

Range of flow rate: Quin = 1500 gpm = 3.341 ft'/s; Omax = 4000 gpm = 8.909 ft*/s
Velocity in pipe: Vi—min = Omi/d1 = 4.089 ft/8; Vi_max = Omax/41 = 10.90 ft/s
Reynolds No.: Ng_min = Vicmin D1/ V=3.45 x 10°; Ng_max = Viemax D1/ V= 9.19 x 10°
From Figure 15-5: Cyin = 0.612; Crpax = 0.610 [Assumed f=d/D = 0.70]

a)

Use Eq.(15-6) and solve for A, from which we can obtain the throat diameter 4.
A4
A2 = !

BhC? 172
Y

Where B = 2g[(5/7) 1] = 2(32.2)[(844.9/62.4) — 1] = 807.6

Let £=10.0in = 0.833 ft when v= vj_nax = 10.90 ft/s and C = 0.610
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15.11

15.12

15.13

15.14

15.15

A, = 0.8171 = 0.4636 ft* = md*/4

(807.6)(0-833)(0.6107 v
(10.90)°

Then d = (44,/ )" = [(4)(0.4636)/7]"* = 0.7683 ft = 9.219 in = Throat diameter
Actual f=d/D =9.219/12.24 = 0.753; Assumed C values OK.

b)  Use Eq. (15-6) and solve for 4 to determine the manometer reading when Q = Q..

L= MO ICA4 14,) 1]
B
For vi = vi_yn = 4.089 ft/s and C = 0.612

e W JOV[(A /A4, ~1] _[(4.089/0.612)*[(0.8171/0.4636)> —1]
B B 807.6

=0.1164 ft = 1.40 in

Summary: Nozzle throat diameter =d = 9.219 in.
When Q = 4000 gpm, 4 = 10.0 in manometer deflection
When Q = 1500 gpm, 4 = 1.40 in manometer deflection

v=2gh(y, —y)/y ;h =225 mm =0.225m
Y, =132.8 kKN/m’ (mercury); y =7.74 kN/m® (methyl alcohol)
v= J2(9.81)(0.225)(132.8 -7.74)/7.74 =8.45 m/s

v=.[2gh(y, —7)/y Solve for h (Yar = 11.05 N/m’)
UZ
R A— (v, =9.73 kKN/m® =9.73 x 10° N/m’)
2g(y,—7)

(yg—v =9.719 x 10° N/m® =9719 N/m?)
_ 1105257
2(9.81)(9719)

m =0.036 m x 10° mm/m =36 mm

v=\[2gh(y, —7)/ 7 =\2(9.81)(0.106)(132.8-9.81)/9.81 =5.11 m/s

Pitot-static tube carrying air at atmospheric pressure and 50°C. 3, = 10.71 N/m’.
h = 4.80 mmH,0; & = (4.80 mm)(1 m/1000 mm) = 0.0048 mH,0; %, = x4, = 9810 N/m’
Find flow velocity v.

v=28h(y, —7.)7, =+/2(9.81 m/s?)(0.0048 m)(9810~10.71)/10.71 =9.28 m/s

Pitot-static tube carrying air at atmospheric pressure and 80°F. y, = 0.0736 1b/ft’.
h=0.24 inH,O; A = (0.24 in)(1.0 ft/12 in) = 0.02 ft; , = y, = 62.4 Ib/ft’
Find flow velocity v.

v=28h(y, — 7.7, =2(32.2 fi*/s)(0.02 f1)(62.4~0.0736)/0.0736 =33.0 ft/s
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CHAPTER SIXTEEN

FORCES DUE TO FLUIDS IN MOTION

7(0.075 m)* L 25m _0.1104 m’

161 Q=Adv= " - - <
R.=p0(v, ~v, ) =pQ(0— (~v1)) = pQu; Ax
R - 1000kg  0.1104 m3x25m:2761kg-m 0.075 m dia. ate
! m’ s s s>

=2761 N=12.76 kN

16.2  See sketch for Problem 16.1: R, = pQu, = p(Adv)vy; = pAv]

i 2 2
_ R, _ 3001b 144 in*/ft — 84.2 ft/s
pA A\ (1.941b-5*/ft*)(7(2.0in)*/4)
3
163 =150 gal/min x —1/5 _ ~ 0334 s
449 gal/min
3
U= y= g:w =61.25 ft/s

A z(112) /4

Re=pQ(v, —v, ) =pQ(0 - (~vn)) = pQuy
2 3
R.= 1.94 14b-s " 0.334 ft o 61.251t ~30.71b \
ft S S R
R}’

=p0(v,, -1, )= PO, ~0) =pQvy =pQvy =39.7Ib

16.4  Assume all air leaves parallel to the face of the sign.
10°m 1h

X

km  3600s
Re=pQ(v, =0, ) = pQ(O ~ (1)) = pQUI = pALY()) = pAV]

v =125 km/h x =34.7 m/s

3 .
R.= 1341kg % (3 m)(4 m)x (347)m 19.4><1(; kgm:19.4kN
m’ s
3
Equivalent pressure = p = R"=19'4X12 167N _ 1617 Pa
A4 12m m’
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x(1.75in)>  ft*  25ft
X X
4 144in* s

165 Q=Adv=
=0.418 ft'/s
=pQ(v,, -1, ) = pQl-v: sin 30° - (0)]

R,
Ry = —pOu; sin 30° = —(1.94)(0.418)(25) sin 30°
R, =-10.13 b = 10.13 Ib to right

R,=p0(v,, ~ ;) = pQlvs c0s 30° = (~v)]
R, = pQO[ v, cos 30° + vy] = (1.94)(0.418)[25 cos 30° + 25] = 37.79 Ib up

16.6 Q=Av=(2.95in%)(22.0 ft/s)(1 ft/144 in%)
=0.451 ft'/s

R.=pQ(v, ~v; ) = pQlvs cos 50° ~ (~vy)]

R, = p0| v, cos 50° + v ]; but vy = vy

R, = pQuifcos 50° + 1]

1.88 1b-s” y 0.4511t° « 22.0ft
ft* s s

=30.61b

R, = x 1.643

R,= pQ(UZV ~v, ) = pQlv, sin 50° - 0] = (1.88)(0.451)(22 sin 50°) = 14.3 Ib

2
16.7  Q=dv= 7r(0.140m) 1M o118 mYs o
S
- + v2, W’/"uz
o "2 /
R, =pQ [U;‘ —Ul_‘:l = pO[-1;, cos 60° — (—vy)] -
01 _--_—//I
Rx:le)l[l - COS 600] ————— - T Hx
3
R = 9883ng0.118 m ><15 m><[0.5] Klny
m S S
- 873kem _gr3n

SZ

R,= pQ[Uzy - ulyj = pQ[ s sin 60° — 0] = (988)(0.118)(15)(sin 60°) = 1512 N
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7(1.001in)’ y ft? y 30ft _ 0.1636 ft’
4 144in*> s s
_ O _ 01636 f° 144 in*/ft® _19.23t

16.8 Q:A11)1 =

A, sm(4.00* ~3.80%°)in’/4 s ‘i'
Ry = pQ(L)zy —Ulv) ii - A
2 3 { HI !
- L8815 016361 11953 30y = 15141 | 1
ft S S 1“2 hl :u1-w~s

169 R,=550N=550 kgm/s’=pQ(v, -0, |
=pAi0i(0 = (v) = pAw;

2
SOk MS 55 s
(900 kg/m’)(9.62x 10 m?)

_ 7r(0 035 m)’

=9.62x 10" m?

1610 R, =pQ(v, -0, ) =pdui[0-(-v)] = p4v}

. B—
2 2 Uy e
4= E@O 60100 2 ““"a:,———ji"’?—f\\}
; . i)
_ 1.941b-s> , (400t
Rxl = ——*"f?"“—"XOOlOg ft X( s ) " 88
=33.91b v,

R, =pQ(v, ~v, ) =pQ(vs - 0) = pQv,
Assume v, = vy, 4, = 4,
R, = pAV’ =3391b

M, =R, (4.00-0.424)in=(33.916)(3.576in) =121 Ib-in

Moment due to R, is small-depends on shape of leaving stream.

3 3
16.11 Q=100 gal/min x -iit—/f———— =0223 ft'/s: v = Q02231 _ 37.1 ft/s
449 gal/min A 0.0060 ft*

Assume all fluid strikes vane and is deflected perpendicular to incoming stream.

R.=pQ(v, v, ) =pQl0 - (~v)] = pQuy

L2 3 [ SOV aa NS -

R, = 1941”0223 3TAR oo - oA 95T

ft S S Force f
R, is force exerted by vane on water 100n \\
R/ is force exerted by water on vane A __L ===
SM, = 0= F«0.5 in) - R/(1.0 in) | Ry

1.0 , Re'=Ry —
Fs=R/ v =2R,/=2(16.01b)=32.01b
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2 rx
16.12 R.= pQ[uz" —le] =pAv[v, - 0] = pAv; —

2 2 R
q=TEOM 0873 8¢ v
4 144 1in
Lol
R= 1240 0873 f12 x (60 fus)?
ft Y
=609 Ib acting on water jet
Force on boat is reaction to R, acting toward left. «-
2 2 Ry ‘
1613 L o _p P D L S
r 28 r 2 Y2
4 0.0873 -
=20 ft/sec

2 2 2 2 5 »
=y U—z—i)l—-i—hL =y 1).2___21_ +O‘1202 =y 1.1202 Y,

2g
_ 6241b {1.12(80)2 ~(20)

P 64.4

}ft = 6550 1b/ft

R~ pidi = pQ(v, =, ) = pQ(=0s = (~01)) = pQ(y = L)
R, =pQO(v; — ) + pid, = (1.94)(0.0218)(80)(20 — 80) + (6550)(0.0873) = -203 + 571

— Av 1
=368 Ib
Ry
Q  0.025m/s l
16.14 = ==— " =332 m/s o
‘T4 7s8xl0m T __TmTem= Ny, .
3 p -u\ x
L 1.945x m oy ?T——
|
£L+_L_)f_.__h :&+B_ZZ._ pzAJ "0

y 28 vy 2g

v? — 0! vl V2 V> v? v?
< Ml T W PR I 7 1./ ) S P L
P2=pi 7{: 22 L} D 7{2g 2g 22 Dty 29

— 2 _ 29022 /2
pa =825 kPa + (103)(9.81 kN/m?) | 21285 ~2:50.32) Jm'/s
20081 m/s?)

= 825 kPa — 99.2 kPa = 726 kPa

pQu; = (1.03)(1000 kg/m*)(0.025 m*)(3.32 m/s) = 85.5 kg-m/s* = 85.5 N
pQu, = (1.03)(1000)(0.025)(12.85)N =331 N
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16.15

244

piA; = (825 KN/m?)(7.538 x 10° m*) = 6.219 kKN = 6219 N
Pads = (726 KN/m?)(1.945 x 107 m®) = 1.412 kN = 1412 N

x-direction:
Re—pidy =pQ (v, v, ) =pQ(O0 - (~v1) = pQu
R.=pQu; + pid; =855 N+ 6219 N = 6305 N

y-direction:
Ry~ paz=pQ(0; —v, ) =pQ(12 = 0) = pQu,
R,=pQu, +prA4, =331 N+ 1412N=1743 N

3
0 = 500 gal/min x Zi‘gﬂ—/;z” ] v
gal/min A prs ——
=1.114 ft*/sec X
| ———

3
o= L LIAMSCC o5 pysec 4,=0.2006 fi2 = 28.89 in?
A4 0.2006 ft
4,=0.05132 ft* = 7.39 in®
3
o= 2 - M—/S—‘}? =217 ftlsec  Dy/D,=0.5054/0.2557 = 1.98: K = 0.043
A4, 0.05132ft
2 2
From Section 10.8, 7, = K22 =0.0432L)" — 0314 1t
2g 4
2 2 22
—&+—l)—‘~~hL:£2-+U—2.‘.p2=pl+7[Ul e —0.314}
y 2g v 2g 2g
62.41b| (5.55) - (21.7)* 11> .
=125+ ~0314 |ft =125-3.10=1219
pe £ { 644 144in? poie

ZF, =Rt pads = pit = pQ (0, — 0, ) = pQ(-02 = (~01) = pQ(1 — v2)

R, = pO(0) — 12) — pr4; + P14,
= (1.94)(1.11)(5.55 — 21.7) — (121.9)(7.39) + (125)(28.89)
R,=-349-900+3611=26761b
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16.16 Fmdp] (pz = 0, Dy = Uy, 21 :ZZ)

2

p . L v
;L—hL:OaM :7hL:7fT*D—‘2ig‘

v=0/4=6.5/0.3174 = 20.45 ft/sec
Ny = vD _ (20.45)(0.63654) =142 % 10°
¥ 9.15x10°

= 0.014 (Table 10.5); L/D = 16 (Table 10.4) ln,
1= vh = (62.2)(0.014)(16)(20.45)%/64.4 = 90.5 1b/ft’

x-direction:
R~ pidy = pQ(v, =, ) = pQ(~sin 45° - (~u)) = pQu(1 - sin 45°)
R, = pOu(1 — sin 45°) + pi4, = (1.93)(6.5)(20.45)(0.293) + (90.5)(0.3174) = 103.9 Ib

y-direction:
R, = pQ(z)zy -0 ) = pQ(1, cos 45° — 0) = (1.93)(6.5)(20.45)(0.707) = 182 Ib

3
1617 v= %=m =6.71 m/s

1.864x107 m®

x-direction:
R, —pidi =pQ(v, —v, ) =pQ(0 - (~u)

R, = pQu + pi4,
_ 1000 kg o 0.125° o 6.71m/s + 1050 kN

m’ s s m?

R, =838 kg-m/s” + 19.57 kN = 838 N x ilk‘Nﬁ +19.57 kN = 20.41 kN

03

x 1.864 x 107 m?

L. N
-direction:
y R=\R +7’
Ry=pas =pQ (v, —v; ) =pQ(02 = 0)
v R=28.9 kN @ 45°
R, = pQu, + pyd, = 0.838 kKN + 19.57 kN = 20.41 kN
16.18 O =2000 L/min x 16.67 x 107° m*/s/1 L/min = 0.0333 m’/s
v=0/4=0.0333 m’/s/7.419 x 107 m’ = 4.49 m/s
2F=pQ(v, ~1, ) =pQ(vs — (~01)) = 2pQ0
2F. =R, —p\A; — pA> = R, — 2p A,

Assume p,=
Then R, — 2p,4, = 2pQuv ™ Neglect fr?ergpy"
loss in bend.
R, =2pQv—+2p4;
3 6
~ 2(0.89) (10003 kg) o 0.0333m y 449 m vy 2.O><120 N 7419510 m?
m S s m

_ 267kg-m

Sz

+29.68 x 10° N =267 N +29.68 x 10° N =0.267 kN + 29.68 kN

R, =29.95 kN
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1619 vy=w,=0 °z“zr"2

0 0.12 m’ /s
v===——" - =719m/s = voCos 45°
4  1.670x107 m? Pty MGNM e
md; = paA;
PgAz cos 45° +y
_ 2BKN 670 x 107 1 \
m ___’_‘_____ -
P1A1 ’ \

Negiect energy loss In bend. py~p,

x-direction:
R — p1A1 — pr4, cos 45°= pQ(sz - le)

R, — p1A41(1 + cos 45°) = pQ(; cos 45° — (—uy))
R, =pQu(1 + cos 45°) + p14;(1 + cos 45°)

3
500 _1590kg 0.12m* 7.19m 137><102 ke'm _ o0y
m

S S S
R, =137 kN(1.707) + 4.59 kN(1.707) = 10.17 kN

R
f=tan™' =L =223°
R

X

y-direction:
R, — prA; sin 45° = pQ(UZy - Uly) = pO(v, sin 45° — 0) = pQu sin 45°
= (pQv+ prA,) sin 45° = (1.37 kN + 4.59 kN)(0.707) = 4.18 kN

1620 Q=Av=(3.142 x 10 m»)(30 m/s) = 0.943 m’/s

a. x-direction: Ry
4-03---— Rx
R.= pQ(sz “le) =pO(v; — (—vy cos 159)
R, =pQu(1 + cos 15°) = 1.966pQv v >
1000 kg | 0.943 m*)(30m == % sin 15 by
= (1.966) .
m’ S S Y COS 15

R, =55.6 x 10° kg-m/s* = 55.6 kN = Force of car on water. <
Force on car = 55.6 kN —

y-direction:
R,=pQ(v, ~1, ) =pQ0~ (~us sin 15%) = pQvsin 15°

R, =(1000)(0.943)(30)(0.259) = 7.32 x 10° kg-m/s2 = 7.32 kN =Force on water ¥
Force on car = 7.32 kN T
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b.  Because the inlet jet acts at an angle to the x-y directions, we compute its components:

Vix = v cos (15°) = (30 m/s)(0.966) = 28.98 m/s: v, = v; sin (15°) = 30 m/s)(0.259)

=7.76 m/s
Only vy, is affected by the moving vane. Then v, = vy, — 12 m/s = 16.98 m/s.
Veiy= Vi, = 7.76 m/s. The magnitude of the resultant effective velocity is:

v,,| = (16.98) +(7.76)* =18.67 m/s

The total effective mass flow rate into the vane, M,, is,

M, = pQ. = pAv.; = (1000 kg/m*)(3.142 x 107> m*)(18.67 m/s) = 586.6 kg/s
The velocity, v.,, acts at an angle ¢, with respect to the horizontal, where
a=Tan™'(7.76)/16.98) = 24.58°

Only the component of v,; acting parallel to the vane is maintained as the jet travels

around the vane.

This component is computed using £, the difference between « and the angle of the

vane inlet.

P=24.58° - 15°=9.58°

Then, veipan = (ve1)c0s(9.58°) = (18.67 m/s)(0.986) = 18.41 m/s

This velocity remains undiminished as the jet travels around the vane. Then v,, =
18.41 m/s to the left.

Force in x-direction: R, = M(Ave) = M(Vers — Verx) = (586.6 kg/s)[18.41 — (—-16.98)]m/s

=20.86 kN
Force in y-direction: R, = M(Av,y) = M(Veay — Very) = (586.6 kg/s)[0 — (—7.76)jm/s
= 4,55 kN
1621 R.=pQ(v, ~v, ) =pAv(0 - (~0)) = p4v’ © '
o 0.10kg-9.81 — s
Weight of carton = w,. = mg = %ﬁz__ﬂ =0.981 N
s
ZM;= R{75 mm) — w15 mm) =0 Impending tipping i
15 15 I v
Ri=w,—=00981N—= =0.196 N
75 75 7‘;"" |v
R e A
From@), v, =  |—* 1
® 1 ,OA E——-.——..j
A=m(0.010 m)*/4=7.85x 107 m?
. 2
_ 0.1936kg m/s . —456mis
(1.20kg/ m*)(7.85x10™” m~)
1622 R.=pQ(v, ~uv, ) = pAvi(0 - (—v1)) = pAU;
2 5m)? /s)? - ko-nn
R.— 1.~03kg y 7(0.015m) y (0.35m/s)” _ 2.6O><1()2 kg-m —2.6x10°N
m 4 1 S
16.23 Let v.= v —
| L Velocity of Blade L 75 ' oy
L Velocity of Air ! o
Iy
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16.24

16.25

16.26

248

Uy = R = (0.075 m) x

=0.314 m/s

v, =0.35m/s — 0.314 m/s = 0.0358 m/s

2
R.=pAv’ =(1 .20)319'-2—1&

Rx = pQ(sz - UL‘ )
R, = pO(0 — (—vy sin 45°))
R, =pQu; sin 45°

= p(Av)v, sin 45°
R.= pAv] sin 45°
Compute R, for a 20.0 in length

of louver, as shown in Fig. 16.19.

40rev 2zxrad I1min
—— X X

min

A = (5 in)(20.0 in)(1 ft*/144 in%)
=0.694 ft*

R =

Assume R, acts at middle of louver, 2.50 in from pivot

2.06x107 Ib-s*

ft*

x 0.694 > x (10.0 ft/s)> x sin 45° = 0.101 Ib

rev

60s

(0.0358)° =2.72x 107" N

Moment = R,(2.5) = 0.101 Ib(2.5 in) = 0.253 Ib-in

See Problem 16.24:

See analysis—Problem 16.24: R, = pAv} sin(90 - 0) = pA v} cos 0
R, = (2.06 x 107°)(0.417)(10.0)* cos 6 = 0.143 cos 6; Moment = R,(2.5 in)

vy

<700 7

A/u,x
R, = pAv? sin 70° = (2.06 x 107)(0.694)(10.0)” sin 70° = 0.1345 b
Moment = R,(2.5) = (0.1345 1b)(2.5 in) = 0.336 Ib-in

0 R.(1b) M(1b-in)
10 0.141 0.352
20 0.134 0.336
30 0.124 0.310
40 0.110 0.274
50  0.0920 0.230
60  0.0715 0.179
70 0.0489 0.122
80  0.0248 0.062
90 0.0 0.0

Torque M (ib - In)

0.32] S
\\
0.24 AN
N
0.16 A
0.08}
N
N
0 \
0 20 40 60 80
Angle 8 (Degrees)
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16.27

16.28

16.29

16.30

Maximum £;= pWW = 0.60W

Sliding is impending when R, = F; A e
R=pQ(v, -0, ) =pAvy(0 - (~vp)) = pAv] : Iw
2 L= S———————

Then W= EL:”-———'OAU.] Feuw

0.6 0.6

-3 . 2 : 2 2 2

W= 240%x107 Ib-s ><7r(1.51n) o ft' : ><(25.Oft/s) ~0.0307 I

ft* 4 144in 0.6

See Prob. 16.27:
2 N 2 . 2 2
W= LAV :1.94 Ib-s y 7(0.751m) o (25.9 Iz"t/s)2 x~—1——:6.20 b
0.6 ft* 4 1441n° /1t~ 0.6

R, = M(Avy) = M(vy, — v11): Where M = pAv

A= D4 = 7(0.0075 m)*/4 = 4.418 x 10° m? "
M = pdv = (1000 kg/m’}(4.418 x 107° m*)(25 m/s) = 1.105 kg/s

vie = v; ¢08(10°) = (25 m/s)(0.985) = 24.62 m/s;

vy, = vy sin(10°) = (25 m/s)(0.174) = 4.34 m/s

v2y= v =25 m/s; ‘ﬁ“ 10° w
Var =V, €08(60°) = (25 m/s)(0.5) = 12.5 m/s; v,, = v, sin(60°)

= (25 m/s)(0.0866) = 21.65 m/s

.~ 92008 60°

Force in the x-direction: R, = M(Av,) = M(v, — vi,)
=(1.105 kg/s)[12.5 — (-24.62)Jm/s = 41.0 N
Force in the y-direction: R, = M(Av,) = M(v,, — vy,)
=(1.105 kg/s)[21.65 ~ 4.34]m/s = 19,1 N

Compute the force on one blade when the turbine wheel is rotating and has a tangential
velocity of 10 m/s.
Method: See vector diagram on next page. Law of sines and law of cosines used.

1.  Compute the velocity relative to the blade v, for the inlet.

2. The magnitude of this velocity remains undiminished as the jet traverses the blade.
3. The relative velocity rotates 110° as it traverses the blade,

4. Resolve vz, and vg, into x and y components.

5. Compute the effective mass flow rate M, = pQ, = pdvi.

6.  Compute reaction forces: R, = M(Vior — Vrix) and R, = M (vgoy, — Vr1y)

Results: Yy

vir =1525 m/s #16.54° ; vy, = 1525 m/s 53.46° o

Viie = 14.62 m/s —>; vgy, = 4.34 m/s T; Vg, = 9.077 m/s <=; vgy, = 12,25 m/s?

M, = pQ. = pA;vg = (1000 kg/m’)[ 7(0.0075 m)?/4)(15.25 m/s) = 0.674 kg/s
Re=M,(Viox — Vi) = (0.674 kg/s)(9.077 — (~14.62)) m/s = 15.97 kg m/s> = 15.97 N «
R, = M,(Viazy — Vas) = (0.674)(12.25 — 4.34) = 533 NT

. v 10.0 m rev.  60s
Rotational speed = o= —+- = X X
r s(020m) 2z rad min

=477 rpm
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=483, VELoCITY OF Jer
LEAVING VANE

N \ - T LG
- /(,,ig" DreeCr7om

OF Ve

/\)72,: /5725/»}/)-

Vector diagram for Problem 16.30

V; = Velocity of water jet Assume |v,,|=|v;,| and vg vector is rotated 110°

vg = Velocity relative to blade from inlet to outlet

vy = Velocity of blade

Problem 16.31 Forces on rotating turbine wheel

v Blade

¢

(24

M,

R,

Vri Vr2 y

(m/s) (m/s) () (m/s) (°) (kg/s) (N) (N)
0 25.00 10.00 25.00 60.00 1.105 41.00 19.12
5 20.09 12.48 20.09 57.52 0.888 27.00 11.20
10 15.25 16.54 15.25 53.46 0.674 15.97 5.33
15 10.55 24.29 10.55 45.71 0.466 7.92 1.50
20 6.34 43.22 6.34 26.78 0.280 2.88 -0.42
25 4.36 95.00 4.36 -25.00 0.193 0.69 -1.19

R, 1s the reaction force exerted by the blade on the water; positive R, acts to the left

Then the force exerted by the water on the blade acts to the right, accelerating the blade

Positive R, acts radially outward
Then the force exerted by the water on the blade acts radially inward toward the center of rotation

When R, is negative, the net radial force on the blade is outward.

250
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CHAPTER SEVENTEEN

DRAG AND LIFT

7.1 Fp= CD[lpuz)A: A=Dx L=(0.025m)(1 m)=0.025 m’
2

a.  Water at 15°C: p= 1000 kg/m’; v=1.15 x 10° m%/s

oD _ 01509259 _ ;5 56 4 10°; Then Cp = 0.90 (Fig. 17.3)
v 115%10

Fp=(0.90)(0.50)(1000 kg/m*)(0.15 m/s)*(0.025 m?) = 0.253 kg-m/s* = 0.253 N

NR=

b.  Airat 10°C: p =1.247 kg/m*; v=1.42 x 10”° m%/s
= i’fz:w =2.64 x 10% Then Cp = 1.30
v 1.42x10

Fp=(1.30)(0.5)(1.247 kg/m®)(0.15 m/s)*(0.025 m?) = 4.56 x 10°* N

17.2  Assume a smooth sphere

a. 3 2 2
U:15ka10 m 1h — 417 m/s A:ﬂ'D :7r(2.0)

h km 3600s 4

_vD _(4.17)2.0)

v 1.33x10°

=3.142m’

=6.27 x 10%; Then Cp = 0.20 (Fig. 17.3)

R

Fp=Cp G U ) A =(0.20)(0.5)(1.292 kg/m*)(4.17 m/s)*(3.142 m*) = 7.06 N

Similarly for (b), (c), and (d):

okm/h)  o(m/s) N Cp Fp(N)
(a) 15 417  627x10° 020 7.06
(b) 30 833  125x10° 0.0 28.16
(c) 60 16.67  2.50x10° 020 112.7
(d) 120 3333 501x10° 0.20 450.7
(e) 160 4444  6.68x10° 020 801.9
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17.3  For equilibrium Fp = w — F} at terminal velocity
w=yV =yrD*6 = (26.6 kKN/m’)(n(0.075 m)*/6) = 5.88 N
Fy =1V =(9.42 KN/m*)(n(0.075 m)°/s) = 2.08 N

FD=w—Fb=5.88N‘2.08N=3.80N=CD(%p02)A

Fp = Cp(0.5)(960)(0))(4.418 x 107%) = 2.12Cp0*
Then v= \[F, /2.12C, =4/3.80/2.12C, =,[1.79/C,, ; Assume Cp=1.0; v=1.34 m/s
Check Ny = vDp/p = (1.34)(0.075)(960)/6.51 x 107" = 1.48 x 10% Then Cp = 0.8

Recompute v =1.50 m/s; Ny = 1.65 x 10°
Summary of results

w Fy Fp Cp v Ny

a) Cast.oil 588N 208N 380N 0.8 1.50 m/s 1.65 x 10°
b) Water 588N 216N 372N 04 2.05m/s 1.72 x 10°

c) Air 588N 588N 58N 02  105m/s 522x 10°
174 M, =F(7.5m)+ Fy(4.5 m) + F5(1.5 m)
F\, F,, F3, = Drag forces on pipes 4-in pipe
v =150 knvh x 10* m/km x 1 /3600 s = 41.67 m/s A
p=1292 kg/m’ I
-;- pU = (0.5)(1.292 kg/m’)(41.67 m/s)’ 54n — 7.5m
_ 1122kg-m _1112N il
S2 (mZ) m2 (
Fp= CD(}. p02j 4 (Cp from Fig. 17.3) (4 = LD) 8dn— 45m
5 .
"ﬁL“—' Y
Np= PR GLODWD) 4 15, 105p) 15m
v 1.33x10 !
L7 777777 777
Pipe D(m)  A(m?) Nz Cp, F(N) M(N-m)
1 0.1143 0343 358x10° 070 267 2002
2 0.1413 0424 443x10° 040 189 849
3 0.1683 0.505 527x10° 025 140 211
3062 N-m

17.5  Circum. =D = 225 mm; D= 225 mm/z = 71.6 mm
A=nD*4=7(0.0716 m)*/4 =4.03 x 107 m?

vb _ COOITI6) _g o5 4 107, then €, = 0.45
v 1.60x10

Fp= CDG: p,f) A4 =(0.45)(0.5)(1.164)(20)°(4.03 x 107 m®) = 0.42 kg-m/s = 0.42 N

NR:

252 Chapter 17



17.6  Fp= Drag force = F = Force on car

Fo= cp(%puz)A

Cp = 1.35 for hemisphere cup (Table 17.1)
v= 1100 km/h x 10°> m/km x 1 /3600 s = 305.6 m/s
Fp=(1.35)(0.5)(1.204)(305.6)*(n(1.5)°/4) = 134 x 10’ kg-m/s* = 134 kN

1 .
17.7 Fp=800N=Cp| = pp* |4 atterminal vel. 0
P D(zp ) -— -~

g i )

o (2)(800 N) M%\Iw~
A= D =42.1 m*>=nD"/4
C,p0* (1 35)(1.127 kg/m®)(5 m/s) ;
uv=5nys
/ {4(421m) r3m
800 N
1

17.8  Fp= F¢c=Force in cable

D=220m -t

A =7nD4 =7n(2.20 m)*/4 = 3.80 m’ D Df
— 3 .
p=1030 kg/m’ (Appendix B) Fs I

Fp= CDG plf) A =(0.34)(0.5)(1030)(7.5)*(3.80 m®)

=37.4 x 10> kg-m/s* = 37.4 kN

17.9  Rectangular plate: a/b=4m/3 m=1.33
Cp=1.16 (Table 17.1)
v= 125 km/h x 10° m/km x 1 h/3600 s = 34.7 m/s

Fp=Cp (% plf) A4 = (1.16)(0.5)(1.341)(34.7)°(12) = 11.2 x 10° kg-m/s* = 11.2 kN

, side front
17.10 =20 km/h x 10° m/km x 1 h/3600 s = 5.56 m/s
A=30m2 25m
_OL_ (559025 _ | oa 106 3
v 133x10° | 12m Y
Cp = 2.05 (Estimated from Fig. 17.3) 25m

Fp= CDG plﬁj A4 =(2.05)(0.5)(1.292)(5.56)*(30) A=(12m)2.5 m) = 30 m?

=1.23 % 10’ kg-m/s* = 1.23 kN
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17.11 v = Linear velocity of each cup

v=ro= (0.075 m)(zo ?"’V)[ 2z rad](l mm) =0.157 m/s
min rev 60s

zD?

A= =7(0.025 m)*/4 =491 x 10™* m’
Cp=1.35 (Table 17.1)

a. Airat30°C
p=1.164 kg/m’

Fp= CDG puzJ 4 = (1.35)(0.5)(1.164)(0.157)%(4.91 x 107

=9.5x 10" kg-m/s’ = 9.56 uN
Torque = 4Fpr = (4)(9.56 x 107° N)(0.075 m)
=2.85x 10° N-m = 2.85 pN-m

b. Gasoline
p = 680 kg/m’
Fp=(1.35)(0.5)(680)(0.157)*(4.91 x 107*) = 5.56 x 107 kg-m/s? = 5.56 mN
Torque = 4F,r = (4)(5.56 x 10~ N)(0.075 m) = 1.67 x 10> N-m = 1.67 mN-m

Rai T, 1.67 x10® N-m 586 Motor circuit senses change
atio & = = . oL
7, 285 % 10° N-m n ‘Forque to indicate
fluid level.

17.12  Assume center of gravity is at center of home. When overturning is imminent, no weight is
on right wheel.

Then, > M, =0=w(l m)— Fp(1.75 m)

Fp=w/1.75 [w D)

e |le—10m

1.7
But Fp = CD(% puz] A; Assume Cp = 2.05 square cylinder T—] 7? m
A
(Fig. 17.3) A
A=25m)(10m)=25m’
b= 2F, _ 2(w/1.75) 01314 m/s If w is weight
C,pA (2.05)(1.292)(25) in Newtons

Example: Assume w=35 x 10*N; 0=0.1314/5x10* =29.3 m/s
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17.13

17.14

17.15

17.16

100km 10°m_ 1h
D= X X
h km  3600s
p=1292 kg/m’; v=133 x 107 m%/s

Pressure drag: F, =C, (%puz)A

=27.8 m/s

L/D =8 m/2m=4.0; Cp=0.87 (Table 17.1)
A =7D¥4=n2m)*/4=3.14 m’
F, =(0.87)(0.5)(1.292)(27.8)’(3.14) B

Fp=1364 kg-m/s’ = 1364 N

vD _ (220)0.167)
1.16x10™
T

=220 ft/s: D=2.0in(1 {t/12 in) =0.167 ft

FD=CDGp02)A: Np= =3.15x 10’ - Cp = 0.8 Fig. 17.3

150mi  5280ft 1h
L= X X

h Imi  3600s
From Appendix E.2, v=1.17x 107 ft’/s

p=2.80 x 107 slugs/ft

A= DL = (0.167 ft)(64 in)(1 ft/12 in) = 0.889 ft’
Fp=0.8(0.5)(2.80 x 107 1b-s’/ft*)(220 ft/5)°(0.889 ft’) = 48.2 Ib

vL = mm(220)(1.3i) =2.50 x 10°

v 1.17x10

Assume breadth = Dia. of cyl. rods =2.0 in; Then L=8D=8(2)=16in=1.33 f
Use Cp ~ 0.20: Area is same as in Problem 17.14.

Fp=(0.20)(0.5)(2.8 x 107°)(220)%(0.889) = 12.05 Ib 75% reduction

Elliptical cylinder — Table 17.1. Ny =

Navy strut: Fig. 17.5; Cp = 0.08; Then Fpp = 4.82 1b; 90% reduction from cylindrical rods.

Fp=Cp G o0’ ) 4 = Cn(0.5)(2.80 x 10)(147)%(4)

=(30.12)(Cp)(4)
100mi 5280ft 1h
L= P X
h Imi  3600s
11t
144 in*
For design b: y = (9 in)sin 45° = 6.36 in
h=2y=(12.73 in)l—t}— =1.06 ft
121n
A=hx1=(1.06 ft)(5.0 ft) = 5.303 ft’

=147 ft/s

A= (9 in)(60 in) =375 ft* for designs a, ¢, d.

DRAG AND LIFT
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17.17

17.18

256

a. Square cylinder: L=9inx 1 ft/12in=0.75 ft
_ vl (147)(0.75)
v (1.17x10™)

ee Prob. 17/. or v . Extrapolated values
L [See Prob. 17.14 for ] NOTE: Extrapolated val
Fp=1(30.12)(2.10)(3.75) =237 Ib should be verified.

=942 x 10° — Use Cp ~ 2.10 Fig. 17.3 Extrapolated

b. Assume Cp = 1.60 — Square cylinder — Point first orientation
Fp=(30.12)(1.60)(5.303) = 256 Ib Highest

¢.  Circular cylinder: D=9.01in=0.75 ft
S ZQ:EZX—O@ =9.42 x 10° - Cp=0.30 (Fig. 17.3)
v (1.17x107)
Fp=(30.12)(0.30)(3.75) = 33.9 Ib Note that Cp would rise to approximately 1.30 at lower

speed. But, because F), is proportional to v”, drag force would likely be lower.

d. Elliptical cylinder: L=18in=1501t; A/=9.00in=0.75ft; L/h=2.0
_ vl _(147)(1.50)

v 1.16x10™
Fp=(30.12)(0.25)(3.75) = 28.2 Ib Lowest

=1.88 x 10® — Use Cp ~0.25 Fig. 17.5 Extrapolated

65mi  5280ft 1h
= X X

1
Fp=Cp| —pi* l4: U =953 ft/s
D D[zpu )A h

mi 3600s

A= DL = (3.50 in)(92 in)1 ft*/144 in*> = 2.236 ft’

oD _039B30112) 5 39, 105 5 €= 1.10 Fig. 173
v 1.17x10

L [See Problem 17.14 for v]

NR:

Fp=(1.10)(0.5)(2.80 x 107)(95.3)%(2.236) = 31.3 Ib

F, =F, +F, : v=100mi/hr=147ft/s (See Prob. 17.16):
Cp,, =111 (Table 17.1)

L =D _(4DES12) _ g1 105 5 Use €, =033 Fig. 17.3
ey 1.17x10 !
L [See Prob. 17.14]

2 2
A = 372 OGO 13y g2 4 —pp = (ﬂ}(?ﬂj =2.813 2
) 4 12 12

1
F, =C, G pU° j A,+C, [-2- pu")/i, = (1.11)(0.5)(2.80 x 107)(147)%(51.31)

+(0.33)(0.5)(2.80 x 10"3)(147)2(2.813) = 17231b+2811b=17511b
Disks  Tubes Total
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17.19 Fp= CD(l puzj( A): v=(160 mi/h)(5280 f/mi)(1 b/ 3600 s) = 235 ft/s
2

A= DL = (0.20 in)(42 in)(1 ft*/144 in®) = 0.0583 ft’

oD _235)02712) _ 435, 10t -5 €, =1.30 Fig. 17.3
14 1.17x10

L [See Prob. 17.14]

NR:

Fp=(1.30)(0.5)(2.80 x 107)(235)?(0.0583) = 5.86 Ib
7(7.25 ft)?

1720 Fp= cp(l puz)( A) = (0.41)(0.50)(2.00 slugs/ft’)(25.0 ft/s){“‘“r } ~ 10580 Ib
2

: 4 11.0n
1721 Fp=Co[ L o2 (4): For plate, 4= =1.29 - Cp=1.16 Table 17.1
D D[zp” )(A) P 8 5in p

A=(8.51n)(11.0 in)(1 ft*/144 in®) = 0.649 ft*
Fp=(1.16)(0.50)(1.94)(44.0)*(0.649) = 1414 Ib
v = (30 mi/h)(5280 ft/mi)(1 h/3600 s) = 44.0 ft/s

| 7(28/12)
1722 Fp= CD[E p,f)( A) =(1.11)(0.5)2.47 x 107°)88.0)| ~ 4| =45.41b

v =60 mi/h = 88 ft/s

17.23  Golfball - curve 2, Cp = 0.17; Smooth sphere —curve 1, ¢, =0.44

A =m(1.25/12)%/4 = 0.00852 ft*
F,  =(0.17)(0.5)(2.47 x 107)(212)%(0.00852) = 0.080 Ib on golf ball

vD N _ (1.5x10°)(147x10°)

Where Ny = =212 fi/s
y D (1.25/12)
C
F, =F, x—"-=(0.080 1b)9—"—1—ﬂ1 =(.207 Ib Smooth surface
- e, 0.17
1724 p=80 0 60735 fis: D =(120in)(1.0 f/12 in) = 0.10 ft
204s 121n

ZF;/ :OZW—'FI,"FDZ fTD:W'-'}:[J
W= YoV = (5Zs)VwVsr = (7.83)(62.4 Io/f)(5.24 x 107* ft*) = 0.256 Ib

Ve=nD6=7(0.10 ft)’/6 = 5.24 x 107 ft’
Fy = YorpVst = (g)1) Vi = (1.18)(62.4)(5.24 x 10™*) = 0.0386 1b

Fp=w—F,=02561b—0.0386 Ib=0.217 Ib = 3npuD [Eq. 17.8]
£ 0.2171b = 3.14 Ib-s/ft*

D

370D 37(0.0735 f/s)(0.10 fi)

lu:
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17.25

17.26

17.27

17.28

17.29

17.30

258

Pp=Fpv= CD(—I—pusz XL
2

=(0.75)(0.5)(2.47 x 107 Ib-s¥/ft*)(95.3 ft/5)*(96 £)(95.3 ft/s)
' Fp=808 b RN

v
v = (65 mi/h)(5280 ft/mi)(1 h/3600 s) = 95.3 ft/s
A= (8 ft)(12 ft) = 96 ft*
b-ft hp

Pr=770x10""g 5501 fi/s = 140 hp

Ri/A = 0.06; Ry = 0.06(A) = (0.06)(125 tons)(2240 Ib/ton) = 16800 Ib

Pr=R,;0= (16800 1b)(50 ft/s) = 84000016 1s _ ;55 hp
550 Ib-ft/s(hp)

Ri/A = 0.004; R, = (0.004)(8700 T)(2240 Ib/T) = 77952 Ib

1hp
Pp= Ryv = (77952 1b)(30 fi/s) ———+—— = 4252 h
E= et YOO 55010 1us P

F=C; (.;_ p,fj( A) = (1.25)(0.5)(1.204)())[(0.78)(1.46)m’] = 0.857

2
Use air at 20°C at std. atm. pressure, p = 1.204 kg/m3 = L%Qf‘_i_\lj_

For v =25 m/s, F;, = (0.857)(25)* =536 N

0.9093 N -5
m4

Fp= CDG: p,ﬁ)( A) = (0.105)(0.5)( J (V)[(2 m)(10 m)] = 0.955(v%)

b= 600x10° m 1h

x =166.7 m/s; Fp=0.955(166.7)> = 26.5 kN
h 3600 s

b, 0=(150 x 10°)/3600 = 41.67 m/s; Fp = 0.955(41.67) = 1.66 kN
- 1 2 . — 1 2
Fr= CL(’—-IOU jA s Fp= CD(—/)U )A
2 2
C,=0.90; Cp = 0.05 (Fig. 17.10); A = bc = (6.8 m)(1.4 m) = 9.52 m’

200km 10°km 1h
V= % x
h km 3600s

=55.56 m/s

a.  At200m,p=1202kg/m’ (Appendix E)
Fy, = (0.90)(0.5)(1.202)(55.56)*(9.52) = 1.59 x 10* kg-m/s’
=1.59 x 10*N =159 kN

Fp= 005 x 1.59 x 10* N =883 N
0.90
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b. At 10000 m; p = 0.4135 kg/m’
F;, = (0.9)(0.5)(0.4135)(55.56)*(9.52) = 5.47 x 10’ N =547 kN

Fp= 0.05 x 547 x10° N=304 N
0.90

17.31 Fora=19.6° C;=1.52; Cp=0.16 (Other data same as Prob. 17.30)
a. (l p,fj A =(0.5)(1.202)(55.56)*(9.52) = 1.766 x 10° N
2

Fp=1.52(1.766 x 10%) = 2.68 x 10* N = 26.8 kN
Fp=0.16(1.766 x 10*) = 2.83 x 10’ N =2.83 kN

b. [l pUZJ A =(0.5)(0.4135)(55.56)%(9.52) = 6.076 x 10° N
2

F,=1.52(6.076 x 10*) = 9.24 x 10’ N =9.24 kN
Fp=0.16(6.076 x 10’y =972 N

125km 10°m l1h
L= X X
h km 3600s
For a= 15°, C;, = 1.25 (Fig. 17.10)

17.32 =34.72 m/s

p=1.164 kg/m’; 4 = 9.52 m’ (Prob. 17.30)
Fp= CL[.I_ pUZJ 4 =(1.25)(0.5)(1.164)(34.72)°(9.52) = 8.35 x 10° kg-nmy/s’
2

F; = 8.35 kN = Load which could be lifted
1733 F,= CL(lpusz
2

Let £, = Wt. of plane = mass x g = 1350 kg - 9.81 nv/s” = 13.24 x 10’ kg-m/s*

F;=1324 kN
At @=2.5°% C;,=0.33 (Fig. 17.10) v=125 km/h = 34.72 m/s
At 5000 m; p = 0.7364 kg/m’ (Prob. 17.32)
Solve for 4
3 2
4= 2F, (2)(13.24%x10" kg-m/s") — 904 m’

C, pv*  (0.33)(0.7364 kg /m*)(34.72 m/s)*
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CHAPTER EIGHTEEN

FANS, BLOWERS, COMPRESSORS, AND
THE FLOW OF GASES

Units and conversion factors

3
181 0=2650cfimx /S — 4417 s
60 cfm
3
182 0=8320cfimx /5 —138.7 s
0 ctm
3
183 0=2650cfmx —2/5 =125 m¥s
2120 cfm
3
184 0=8320cfmx — 25 —3.02 m¥s
2120 ¢fm
185 »=1140 fmin x — 25— 579 m/s
197 ft/min
186 0=5.62msx 2215 _ 1843 fuis
S
. 1.0 psi .
18.7  p=4.38in H,0 x —————— =0.158 psi
27.7in H,0
3
188 0=4760 cfmx 0TS _ 525 mYs
2120 cfm
p=075in H,0 x —28P8 1866 Pa
, 1.0in H,0O
189 p=925Pax LU0 50 im0
248.8Pa
1810 p=925Pax ~ 2P _ 0134 psi
6895

Pa
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Specific weight of air

18.17  p = pPam + Pgage = 14.7 psia + 80 psig = 94.7 psia
T=1t+460=75°F + 460 = 535°R
_p _9%7Tb « Ib-°R y 1 y 144in°
RT in* 533ft-lb 535°R ft*
_270p 2.70(94.7)

= 0.478 Ib/fe’ (Eq. 18.2)

or =0.478 Ib/ft’ (Eq. 18.3
y==7 15 (Eq )
18.18 y= 2.70p _ (2.70)(14.7 +25) =0.190 Ib/ft’ (Eq. 18.3) Air
T (105 + 460)
1.0 psi

18.19 p=4.50 1n H,0 x =(0.162 psig Natural gas

27.7in H,0
Pabs = Pam T Pgage = 14.7 psia + 0.162 psig = 14.86 psia
T = 55°F + 460 = 515°R
p 1486b 1b-°R 1 144 in®
Y= m X X X 5
RT mn 79.1fti-1b 515°R ft

= 0.0525 Ib/ft’

18.20  p = Patm t Pyage = 14.7 psia + 32 psig = 46.7 psia Nitrogen
T=120°F + 460 = 580°R
_ _p_:46.71b>< Ib-°R 1 144in’

y= " x x ——— =0.210 Ib/ft’
RT in*> 552ft-b 580°R ft

kPa
10°P

18.21  p = Patm + Paage = 101.3 kPa(air) + 1260 Pa(gage) x = 102.56 kPa(abs) Air
a

T=1+273=25C +273 = 298 K
_ p _10256x10°N NK 1
"R e 292N-m 298K

=11.79 N/m’

18.22  p = Pam + Pgage = 14.7 psia + 12.6 psig = 27.3 psia
T=85°F + 460 = 545°R
_p _2731b  b-°R 1 144in®

x X x =0.207 Ib/fe
RT in® ~350ft-1b 545°R fi?

Flow of compressed air in pipes

147psia__ (75+460)°R
(14.7+80)psia  S20°R

18.23 (Q,= 820 cfm x =131.0 cfm (Eq. 18.4a)

147 (95+460)

18.24 O, = 2880 cfm x
(14.7+65) 520

=566.9 cfm

18.25 From Table 18.1; 2 in Sch. 40 pipe
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18.26 1-1/4 in Sch. 40 pipe

18.27 Q=800 cfim (Free air); p, = 100 psig @ 70°F
Try a 2-1/2 in Sch. 40 pipe: D = 0.2058 ft; 4 =0.3326 ft?

&:ZI-FB‘—-"' L:£'2‘+22+”L‘Q—:ZI=Z2501=I)Z: thenp1=p2+th
7, Va 2g
_ 270p _ 2700147 +100)psia _ o soq 1/
T (70°F + 460)°R

2 2
hL=]{~L~)—l)——+fT({’i) oo L 30N 900
D)2g 7\D),2¢ D 020581
[%) = 8(30) +2(8) + 100 = 356; f=0.018

tot

Elbows Gate V. Check valve
14.7 psia « (70 +460)°R

Q.= 800 cfm x - =104.5 cfm
(14.7 +100) psia 520°R
3 .
U:g:104.§ft o 1 2><lrnm ~ 594 fi/s
A min 0.03326ft* 60s
2 27,2
v2_ 02 UK _yyseq
2¢  2(32.2ft/s7)
2
Density = p = 7 058? b_s . 0.0181 slugs/ft’
g ft"  32.2ft

t = (70°F — 32)(5/9) = 21.1°C; u = 1.815 x 107° Pas (App. E by interpolation)
p=(1.815 x 107 Pa-s)(2.089 x 107%) =3.792 x 107 Ib-s/ft*

Ny— VD (524020590018 _ (o o
[ 379210
D_ 02098 1375 r=0.0195
£ 15x10
L L v’
= =+ h] 2] | = 10.0195)(1700) + 0.018(356)1(42.58 ) = 1684 ft
p) "\p),]2
0.5841b 1

= py + vhy, = 100 psig + % 1684 ft x - 106.8 psi
pr=p2 i PSIE™ 3 1441n” psig

p1—p2=6.7psi<0.1p, OK
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18.28 O =3000 cfm (Free air); p, = 80 psig @ 120°F
Try a 3-1/2 in Sch. 40 pipe: D =0.2957 ft; 4 = 0.06868 ft*

2 2

:PL:Z"*‘-—U—I—— L:&+22+22_: 2| =2y, Uy = Ly thenp1=p2+'YhL
7 2g V2 2g
+ .
_ 270p _270(14.7 +80)psia _ o 4400 115
T (120 +460)° R

2 2
0) hL:](£)3_+ﬁ[£e_)u L_ 180ft
tot

D)2 /\D) 24 D 029571
(%) = 45 + 12(30) + 4(20) + 150 = 635; f;=0.017
tot

Valve Elbows Tees Ch. valve
14.7 psia y (120+460)°R
(14.7 + 80) psia 520°R

:_Qa_2519.4ft3x 1 L min
A min  0.06868ft> 60s
V2g = (126.0)/2(32.2) = 246.7 ft
0.44081b s*
f* 322t
t= (120°F ~ 32)5/9 = 48.89°C; p.= 1.946 x 10~ Pa-s (App. E by interpolation)
1 =(1.946 x 107 Pa-s)(2.089 x 107%) = 4.065 x 1077 Ib-s/ft*
Ne= vDp _ (126)(0.2957)(0;(7)1369) 195 % 10°
1 4.065%10

Die=0.2957 ft/1.5 x 107 ft = 1971; f= 0.0175
In Eq@: A, = [(0.0175)(609) + (0.017)(635)](246.7 ft) = 5292 ft

2
0490810 5902 fix M — 80+ 16.20 = 96.20 psig
1

44 in

0, =3000 cfm x =519.4 cfm

= 126.0 ft/s

Density = p =y/g = =0.01369 slugs/ft’

p1=p2+yh, = 80 psig +
Ap =16.20 psi is > 0.10p, — Use larger pipe size

For 4-in Sch. 40 pipe: D =0.3355 ft; 4 = 0.0884 ft’; f,=0.017
_ 9. 5194 97'9ﬁ;22—=148.9ft

A (0.0884)(60) s 2g

vDp _(97.9)(0.3355)(0.01369) _ |
7 4.065x1077 '

Dle=0.3355/1.5 x 107 =2237: f=0.0170

In Eq.D): A, =[(0.017)(609) + (0.017)(635)](148.9 ft) = 3149 ft

p1=pr +vh;, = 80 psig + (0.4408)(3149)/144 = 80 + 9.64 = 89.6 psig

Ap is slightly > 0.1p,

Ny = 11 x 10°
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Try 5-in Sch. 40 pipe: D =0.4206 ft: 4=10.1390 ft>; £, =0.016

. g, 5194 6228 ft;gz_ ~ 6023 ft

A (0.139)(60) s 2g

vDp  (62.28)(0.4206)(0.01369)
u 4.065%x107

D/e =0.4206/1.5 x 107" =2804: f=10.017

In Eq.D: A, =[(0.017)(609) + (0.016)(635)](60.23 ft) = 1235 ft

p1=py +vh, = 80+ (0.4408)(1235)/144 = 80 + 3.78 = 83.78 psig

Ap <0.1p, — OK

Np= =8.82 x 10°

Gas flow through nozzles

18.29 p; =40.0 psig + 14.7 psia = 54.7 psia; T = 80°F + 460 = 540°R

p2=20.0 psig + 14.7 psia = 34.7 psia Air
_ 2.70p, _2.70(54.7 psia) _

= =(.27351b/ft* (Eq. 18.3
" 540°R (Eq. 18.3)
" 027351347
n=n| Lz :_'___[_'_ =0.198 Ib/f (Eq. 18.8)
P, ft’ 54.7

18.30 p,; =275 kPa(gage) + 101.3 kPa(abs) =376.3 kPa(abs) Air

18.31

T, =25°C+273=298K
p> = 140 kPa(gage) + 101.3 kPa(abs) = 241.3 kPa(abs)
_ p _3763x10°N_~ N-K 1

y =2 ——x x =432 N/m’
RT m 292N-m 298K
a3 aN[24137
o=y L] =2 [__} =31.5 N/m’
)2 m’ [376.3

p1=35.0 psig + 14.7 psia = 49.7 psia: R-12

Ti = 60°F + 460 = 520°R

p2=3.6 psig + 14.7 psia = 18.3 psia

R _4971b bR 1 144 in’
RT, in> 126ft-1b 520°R  fi°

1k 1/1.13
B=T {Ez} - ‘-0: ‘b[%ﬂ = 0.506 Ib/fe’
D .

= 1.092 b/t

Y11=

18.32 p; =125 psig + 14.4 psia = 139.4 psia Oxygen, k= 1.40

264

Ty ="T75°F + 460 = 535°R

. 2
P2 = 14.40 psia = pam; p1 = 13?"1 b, 14?;;“ = 20074 [b/fY
m

Py 14.40

= (.103; Critical ratio = 0.528 from App. N.
p, 1394
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18.33

18.34

Then use Eq. 18.15:
zD; _ 7(0.120in)’ y ft’

A4, = — =7.854 x 107 ft’
4 4 144 in
[} i 2
= Lo 13941, IR L 19 997 e
RT  in 483ft-1b” 535°R° fi
/2
| 2(32.26t/57)(1.40) 200741 0.777b[ 2 204

Winax = 7.854 x 107 ft 1.40+1 2 ft® 1.40+1

Winax = 0.0381 1b/s

2 2 1/2
e oe [kep, {(1.40)(32.2 ft/5*)(10605 Ib/ft )} _ 085 fi/s
75 0.493 Tb/ft’

g ek 5y P
p2= Py = p1[—} =20074 [;‘:6} = 10605 1b/ft’

k+1

17k
Y2 =71 (22-) =0.777(0.528)""* = 0.493 1b/ft’
P

1= 7.50 psig + 14.40 psia = 21.9 psia (144 in*/ft’) = 3154 Ib/ft*

Py 1440 _ 658> critical: Use Eq. 18.11
p, 21.90
_ p__31541b_ bR 1

=0.122 Ib/f

X X
RT  ft* ~ 483fi-Ib 535°R

2(32.2)(1.40)(3154)(0.122 V2
W= 7854)( 10._5|: ( )( 14)(()_1 )( )1:(0.658)2/].4___(0.658)2.4/1.4:|j|

W=5.76 x 107 Ib/s
Use Eq. 18.10 for velocity

1/2
_ [2(32-2)(3 154) 140 [1-0.659)""“]| =8111us
0.122 0.4
-2
1 =50 psig + 14.60 psia = 64f6? LY 14;;“ = 9302 Ib/f* Nitrogen
m

T, = T70°F + 460 = 530°R
p. 1460
p, 64.60
Use Eqg. 18.15
7(0.062 in)’ y ft?
4 144 in’
_p 93021 Ib-°R 1
Y= = X X
RT, ft? 55.2ft:Ib 530°R

2(322fUs’)(1.41) 930216 0.3181b{ ) Jz/oﬂ}

= ().226 < critical ratio = 0.527 (App. N)

A, = =2.097 x 107 f?

=0.318 Ib/fe

172

_ -5 2
Wax = 2.097 x 107 ft 1.41+1 ft? ft* [ 241

Woae = 4.44 x 107 Ib/s
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18.35 Use data from Problem 18.34.

Using Eq. 18-15
5
py(psig) W (x 10 bis) -
4 4008 2 4 A7
40 3.754 2 s
35 3.410 x &1
30 3068 L, <o
25 2723 ~ 7
20 2379 >
15 2035 g NN
10 1.67 g 2 X
5 1197 > A !
o o0 |
. C oy ;
Using Eq. 18-11 § 1 "l
0 i q- {
0o 10' 2 30 4 50
131 =0 pu
P (gage) psig
18.36 Nozzle dia. = 0.50 in
. 2
1 =25.0 psig + 14.28 psia = oo l0 1IN s6s6 e
in 11t
2 : 2 2
Propane: | 2| =0.574; 4= T2 SO My 500 107 2
D), 4 4 1441in
=P 36561b = 0.308 Ib/f’

RT  ft*(35.0 ft-1b/Ib-°R)(65°F + 460)°R
For p, = p; = 25.0 psig, po/py =1 and W=0
For p, = 20.0 psig + 14.28 psi = (34.28 psia)(144 in’/ft’) = 4936 Ib/ft’

P = f_?}é = (.8727 > critical — Use Eq. 18.11

5656

2(32.2 1t/s*)(1.15)(5656 1b)(0.308 Ib)
(1.15-1) f* ft

N 8.597 x 10° —

W= (1364 x 107 ftz)\/ [(0.8727)2/”5 —(0.8727)2']5”"5]

W=0.149 Ib/s
P, = p1(0.574) = 39.28 psia(0.574) = 22.55 psia — 14.28 psia = 8.27 psig
For p, < 8.27 psig, Use Eq. 18.15.

2(32-2)(1-15)(5656)(0.308)( 5 O
2.15 2.15 J

=(.206 1b/s

Winax = (1.364 x 107°) \/
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pa(psig) pap: W(lb/s) L ;
25.0 1.0 0.0 0.208 b\ !
20.0 0.8727 0.149 2 ;
15.0 0.7454 0.190 ) ! '\
10.0 0.6181 0.205 2 15 g
critical 827 0574 0.206 g !
5.0 0.491 0.206 g ;
o |
2 % '
.05 L
! p, = 8.27 psig
0 |
0 5 10 15 20

1837 | 22| —0.528, p = P2 =983KP8 g6 6 kpa
'y 0528  0.528

2 3 2
1838 oo [kep, :\/(1.40)(9.81m/s J(186.6x10° N/m®) _ yon
72 ’

11.00 N/m’
3 2
yi= Lo SESOO T 17,36 Ni?
RT, 222N 954273)K
N-K

72 = vi(po/p)"* = (17.36)(0.528)""* = 11.00 N/m’

18.39 Use Eq. 18.15: 4, =n(0.010 m)*/4 =7.85 x 107° m®

2(9.81)(1.40)(186.6><103)(17.36)( 2 )
2.40 2.40

Wiax = (7.85 x 107° m2)\/

=958 x 107 N/s

1840 p, = 150 kPa(gage) + 100 kPa(atm) = 250 kPa(abs): 22 =190 _¢ 0. (—’-’l) =0.578
p 250 P,
Use Eq. 18.15: 4, =1(0.008 m)*/4 = 5.027 x 107 m’
_ Do 250 x 10° N/m’ _ 3
Y= R oTNm 123.5 N/m

x (20°C +273)K
N.K

2

2(9.81)(1.13)
13 2.13

2/013
Wonax = (5.027 x 107° N/m3)\/ (250 x 103)(123.5)( ) =0.555 N/s
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18.41 When py/p; <0.578, use method of Prob. 18.40, Eq. 18.15.

When py/pi = 0.578; p, =

P

_100kPa

0.578

0.578

=173.0 kPa(abs)

p, = 173.0 - 100 = 73.0 kPa(gage): Then for p; < 73.0 kPa(gage), use Eq. 18.11.

pi(gage)  pi(abs)  Paw/p)  vi(N/mMY)  W(Ns)
150kPa 250kPa  0.40 123.5 0.555 P ..
~% > critical
125 225 0.444 111.1 0.500 »,
100 200 0.500 98.8 0.444
75 175 0.571 86.4 0389 ) UseEq. 18.15
73.0 173 0.578 85.4 0384 critical
"500 150 0.667 74170326 | p, ..
25 125 0.800 61.7 0238 Y critical
1
Use Eq. 18.1
Eq. 18.11

W=(5.027 x 107%) \/

268

Wt. Flow Rate W (N/s)

0.13

20.800.13) )H_@_

21113 2.13/1.13
P D

1

o

n

822 T

I

e

>

i

3 / '
/ l
2 a ,
/ !
/ I
1t :
/ | p,=73.0 ka (gage)
e i
0 50 100 150
Py = Tank pressure (kPa(gage)]
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CHAPTER NINETEEN

FLOW OF AIR IN DUCTS

Energy losses in straight duct sections

19.1

19.2

19.3

19.4

19.5

19.6

19.7

From Fig. 19.2: v =570 ft/min; 0.027 in H,O/100 ft
hy =0.027 in H,O x 75 {t/100 ft = 0.0203 in HO For 18 in Duct

0 = 1000 cfm
Duct size v h; /100 ft hy, for
(f/min)  (in HO) 75 ft o
16 in 720 0.049  0.037 in H,O it
14 in 960 0.100  0.075 s o \
12 in 1275 0.220 0.165 § 02 Y
10 in 1850 0.530  0.400 <o \\
0 10 12 14 16 18
Duct size ()
D=17.0inreq'd
h, = 0.078 in H,0/100 ft
From Fig. 19.3: v=15.3 m/s
Loss =4.70 Pa/m x 25 m= 118 Pa
For 500 mm dia. duct
25 m of duct 2 R
3.0 m*/s flow w100 \
Duct size h; for =
(mm)  omis) A Pam  25m 3 % \
600  10.6 1.90 47.5 Pa § o \
700 8.00 0.90 225 g © \\
800 6.00 0.44 11.0 < N

/
/

900 4.80 0.26 6.50
1000 3.80 0.14 3.50

<
8
g

1200

0 =0.40 m’/s: 350 mm duct size req'd: /; =0.58 Pa/m

10 x 30 in duct:

_ 1.3(ab)*®  1.3[(10)(30)
S @+b)t (1043007
Ouax = 2100 ft*/min for 2, = 0.10 in H,0/100 ft

]0.625

- 183 in

[
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19.8

19.9

19.10

19.11

19.12

19.13

3 x 10 mn duct:
13 1.3[(3)(10)
e 0.250 0.250
(a+b) (3 +10)

]0.625

=5.74 in: QOyux = 95 cfm
For ; = 0.10 in H,O
42 % 60 1in duct:

D, = 1.30[(42)(60)
(42 + 60)"*°

]0.625

=54.7 in: QOpax = 37000 cfm

for h; = 0.10 in H,O

250 x 500 mm duct:
D= 1.30[(250)(500)
‘ (250 +500)**°

]0,625

=381 mm: Q,,, = 0.60 m’/s

for h; = 0.80 Pa/m

75 x 250 mm duct:
B 1.30[(75)(250)
(75 + 500)**

]0,625

=125 mm: Oy, = 0.0295 m’/s

Q= 1500 cfm; A, =0.10 in H,O per 100 ft - D, =16.2 in
Duct: 10 x 24,12 x 20 Possible sizes from Table 19.2

Q=300 cfm; hLmx =0.10 in H,O per 100 ft - D, = 8.8 in
Duct: 6 x 12 (D,=9.11in)

Energy losses in ducts with fittings

19.14

19.15

19.16

270

Q= 650 cfm; D =12 in round; v= 830 ft/min (Fig. 19.2)

2 2
H = [ O 1 _[ 3391 = 0.0429 in H,0; €= 0.42 3-pc elbow
4005) 2005

H, = CH,=0.42(0.0429) = 0.0180 in H,O
C=10.33 5-pc elbow; H, = CH, = 0.33(0.0429) = 0.0142 in H,O

0 =1500 cfm; D =16 in; v= 1080 ft/min (Fig. 19.2)

2 2
Ho=(_ j :(1080) = 0.0727 in H,0; C = 0.20
\ 4005 {4005

H, = CH,=0.20(0.0727) = 0.0145 in H,O
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19.17 H,=0.0727 in H,0O (Prob. 19.16), h, = CH,,
Position C h; (in H,O)

10° 0.2 0.378

20° 1.50 0.109

30° 45 0.327

19.18 10 x 22 — 15.9 in circ. equiv. 10 x 22, 1100 cfm
10 x 10 — 10.9 in circ. equiv.
v, = 1160 ft/min, H,= 0.0839 in H,0O ! 2
v, = 800 ft/min, H,, = 0.0399 in H,0 052 ] | ] 1010
. . 720 Y 500 cfm
vs = 720 ft/min, H, = 0.0323 in H,0 = | —— Ty
4005

L Fig. 19.2—

19.19 Tee, flow in branch; C = 1.00: H; = 1.00(0.0839) = 0.0839 in H,O
19.20 Tee, flow through main, C=0.10: H; = 0.10(0.0839) = 0.00839 in H,O

19.21 @0=0.20 m’/s; D =200 mm dia.; 0= 6.40 m/s

v Y 6.40 \’
H,= ( Pa=|——| =24.7Pa; C=0.42 3-pc elbow
1.289 1.289

H, =0.42(24.7 Pa) = 10.4 Pa
19.22  Mitered elbow, C = 1.20: H, = 1.20(24.7) = 29.6 Pa

19.23  Q=0.85ms; D =400 mm; v= 6.8 m/s

2 2

H,= ( v = 6.8 j = 27.8 Pa; C =4.5 damper at 30°
1.289 1.289

H, =CH,=4.5(27.8 Pa) = 125 Pa

19.24 Use Q=700 cfm; D =12 in dia.; v= 900 ft/min; A, = 0.12 in H,0 per 100 ft
2 2
H,= ( v J :( 200 ) =0.0505 in H,O

4005 4005

Duct: H;,=0.12 in H,0O (%—2(—)) =0.0504 in H,O

FLOW OF AIR DUCTS 271



19.25

19.26

272

Damper: H; = CH,=0.20(0.0505) =0.0101 in H,O
2, 3-pc elbows: H; = 2(0.42)(0.0505) = 0.0424 in H,O
Outlet grille: H; = 0.06 in H,O (Table 19.3)

H, =0.1629 in H,O

12 x 20 rect —> 16.8 in Circ. Eq.; use Q = 1500 cfm; v = 980 ft/min
980

h,=0.08 in H,O per 100 ft; H, = [————) =(.060 in H,O
4005

38

Duct: H; = 0.08 in H,O (————
100

j =0.0304 in H,O

Damper: H, = CH,= 0.20(0.060) = 0.0120 in H,O
3 elbows: H; = 3(0.22)(0.060) = 0.0396 in H,O
Outlet grille: H, = 0.060 in H,O (Table 19.3)

H, =0.1420 in H,0

Q=0.80 m’/s
For square duct: 58m
1.3[(800)(800)]"* g
= [( X 1)/1 = 875 mm Circ. Eq. )l ——Uy
(800 + 800) j
3 $q. 800 x 800
o Qo 0O /

2 2
Hy=| -2 ):(1'33 =1.065 Pa
1289 ) (1.289

D,/ pD,=875/400 =2.19 - K =0.40 (Fig. 10.7) Sudden contraction
H,, =0.40(1.065 Pa) = 0.426 Pa

H,,=17Pa (Table 19.3) louvers
Duct 1, H; too low for chart in Fig. 19.3 — Neglect
Duct 2, v, = 6.30 m/s; H;, = (1.10 Pa/m)(9.25 m) = 10.2 Pa

H, =0426+17+0+11.1=27.6 Pa Pressure drop from pym,

i1
Ly

Then pg,, =-27.6 P

925m
.—__.02

Round 400 mm dia,

Chapter 19
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APPLIED FLUID MECHANICS | Power SI: CLASS | SERIES SYSTEMS
Objectlve Pump power Reference points for the energy equation:

; \/V\el h;éd\ét\ pdinf 1= /
Vel head at point 2 = 0Om
, Ma need to compute: vr=\1’]/pv|

Length:L= 20

Length L =

Area: A = 8.22E-03m? Area: A = 2.16E-03m® [A = nD%/4]
Dle = 2224 Die = 1141 Relative roughness
LID = 147 LID = 3810
Flow Velocity = 1.82m/s Flow Velocity = 6.93m/s [v=Q/A]
Velocity head = 0.170m Velocity head = 2.447m [v¥/2g]
Reynolds No. =2.63E+05 Reynolds No. =5.13E+05 [Ng = vDNV]
Friction factor: f=  0.0182 Friction factor: f=  0.0198 Using Eq. 8-7
Energy losses-Pipe 1: K Qty.

Pipe: K; = f(L/D) = 287 1 Energy loss h;; = 0.453m Friction
. 0 . Energyloss h,=  0.085m

Energy loss h; 3 = 0.000m

Energy loss h 4 = 0.000m

Energy loss h; 5 = 0.000m

Energy loss hy s = 0.000m

Energy loss hy 7 = 0.000m

il

Entrance loss: K3
Element 3: K
Element 4: K,
Element 5: K
Element 6: Ks \
Element 7:K;= 000
Element 8: Ky = 100

Energy losses-Pipe 2: L e L

Pipe: Ky = f(L/D) =

Energy loss h; g = 0.000m

Energy loss h ;= 184.40m Friction

Globe valve: K, = Energy loss h;, = 15.81m
2 std elbows: K3 = Energy loss h 3 = 2.79m
Exit loss: Ky = Energy loss h 4 = 2.45m
Element 5: K5 = Energy loss h;5 = 0.00m
Element 6: Kg = Energy loss h; 6 = 0.00m
Element 7: K;= . 0.0 Energy loss h; 7 = 0.00m
Element 8: Ke = Energy loss h;g = 0.00m

Total energy loss hye = 205.98m

Results: Total head on pump: hy, = 216.0m
Power added to fluid: P, 25.08 kW

Power input to pump: P, = 32.99 kW
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APPLIED FLUID MECHANICS

I Power US:

CLASS | SERIES SYSTEMS

Objective: Pump power

Reference points for the energy equation:

Vel head at pomt 1 =

Vel head at pomt 2= 45681t

Wal! roughne,és e= 1 5‘05:‘ 04 |
oft

. Length: L= , , .
Area: A= 0.05135ft° Area: A= 0. 03326 ft [A = nD?/4]
Dfe = 1705 Dfe = 1372 Relative roughness
LD = 0 LD = 398
Flow Velocity = 9.741t/s Flow Velocity = 15.03ft/s [v= Q/A]
Velocity head = 1.4721t Velocity head = 3.508ft [v¥/29]
Reynolds No. =1.24E+05 Reynolds No. =1.54E+05 [Nr = vDNV]
Friction factor: f=  0.0203 Friction factor: f=  0.0205 Using Eq. 8-7
Energy losses-Pipe 1: K Qty.
Pipe: Energy loss h;; = 0.00ft
Element 2: Energy loss hy, = 0.00ft
Element 3: Energy loss h; 3 = 0.00ft
Element 4: Energy loss hy 4 = 0.00ft
Element 5: Energy loss h;5 = 0.00ft
Element 6: Energy loss hye = 0.001t
Element 7: K, . O Energy loss h; 7 = 0.00ft
Element 8: K= 0. Energy loss hs = 0.00ft
Energy losses-Pipe 2:
Pipe: Energy loss h.; = 28.61ft
Elbow: Energy loss h;, = 1.89ft
Nozzle: Energy loss h; 3= 114.371t
Element 4: Energy loss hy 4 = 0.001t
Element 5: Energy loss h; s = 0.00ft
Element 6: Energy loss h ¢ = 0.00f
Element 7: K; Energy loss h; 7 = 0.00ft
Element 8: Energy loss hg = 0.00ft
Total energy loss he =  144.88 1t
Results: Total head on pump: hy = 277.0ft
Power added tofluid: P, =  16.11hp
 Pump efficiency= ~ 76.00%
Power input to pump: P, = 21.20hp
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APPLIED FLUID MECHANICS

1 Pressure Si: CLASS | SERIES SYSTEMS

Ob ective: Pressure Pomt2

Reference pomts for the energy equation:

.plisinpipe oetv, OR. etvz"*
Vel head at point 1 = 0.006104m
Vel head at point 2 =0.006104m

Area: A = 8.19E-05m?

__Mayneed to compute: v=n/p|

‘Area: A = 7.54E-03m? [A = xD%4]

Dle = 6807 Dle= 65313 Relative roughness
LD = 2938 L/ID = 0
Flow Velocity = 0.346 m/s Flow Velocity = 0.0038m/s [v=Q/A]
Velocity head = 0.006104 m Velocity head = 0.0000m
Reynolds No. =1.47E+04 Reynolds No. =1.53E+03 [Ng = vD/v]
Friction factor: f=  0.0282 Friction factor: f=  0.0563 Using Eq. 8-7
Energy losses-Pipe 1: K Qty.
Pipe: Ky =f(L/D)= 8296 1 Energy loss h;; = 0.5064m  Friction
Check Valve: K=  1.95 1 Energy loss h, = 0.0119m (fr = 0.013)
Globe Valve: K; —’_ff Energyioss i3 = 0.0270m (fy =0.013)
Return Bends: Ky = / Energy loss hyy= 0.0317m (f; =0.013)
Element 5: Ky = Energy loss hy5 = 0.00m
Element 6: Ks = ' Energy loss h;¢ = 0.00m
Element 7: K, =.{: ‘ Energy loss h;; = 0.00m
Element 8: Ks= Energy loss h;s = 0.00m
Energy losses-Pipe 2:
Pipe: K, = f(L/D) = Energy loss h;; = 0.00m Friction
Element 2: K, = Energy loss h;, = 0.00m
Element 3: K3 = Energy loss h; 3 = 0.00m
Element 4: K= Energy loss hy4 = 0.00m
Element 5: Ks = j ." Energy loss h;s = 0.00m
Element 6: Ks= Energy loss his=  0.00m
Element7: K; = 0. ) Energy loss h; 7 = 0.00m
Element 8:Ks=  0.00 1. Energy loss h, = 0.00m
Total energy l0ss hje.= 0.5770m
Results:
I Pressure at target point: 78.21 kPa
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APPLIED FLUID MECHANICS

I Pressure US: CLASS | SERIES SYSTEMS

Objective: Pressure: Point 2

Reference points for the energy equation:

O51ft

Vei head at pomt 1 =

Bfameter

0.51ft

Vel head at point 2 =

May need to computeﬁ v= n/pl

Wall roughness = 160
Length: L*”i o v o8
Area: A = 2 33E-02ft? Area: A = 2 33E-02 [A = D%4]
Die = 1149 Dig = 1149 Relative roughness
LID = 290 L/ID = 0
Flow Velocity = 5.73ft/s Flow Velocity = 5.73ft/s [v=Q/A]
Velocity head = 0.510ft Velocity head = 0.5101t [v2/2¢]
Reynolds No. =2.87E+04 Reynolds No. =2.87E+04 [N = vD/V]
Friction factor: f=  0.0260 Friction factor: f=  0.0260 Using Eq. 8-7
Energy losses-Pipe 1: K Qty.
Pipe: K, = f(L/D) = 755 1 Energy loss h;; = 3.85ft Friction
Control valve: 65 Energy loss h,, = 3.32ft
2 elbows: Energy loss h;3 = 0.58ft (r=0.019)
Element 4: Energy loss h 4 = 0.00ft
Element 5: Energy loss h;5 = 0.00ft
Element 6: Energy loss h s = 0.001t
Element 7: K; = Energy loss hy 7 = 0.001t
Element 8: Kg = 1 Energy loss h, s = 0.00ft
Energy losses in Plpe 2 Qty.
Pipe: K; = f(L/D) = Energy loss hy; = 0.00ft
Element 2: K, = z;;/ . Energy loss h;, = 0.00ft
Element 3: Ks=  0.00 1 Energy loss h 3 = 0.00ft
Element 4: K,= 000 1 Energy loss h,4 = 0.00ft
Element 5: Ks = Energy loss hy5 = 0.00t
Element 6: Kg = Energy loss hye = 0.00ft
Element 7: Ky = ,fi, Energy loss hy 7 = 0.00ft
Element 8: Ks= 0. Energy loss g = 0.00ft
Total energy loss hyy = 7.75ft
Results: Total change in pressure: -12.77 psi
Pressure at target point:  200.00 psig
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APPLIED FLUID MECHANICS /I-A & II-B Sl: CLASS Il SERIES SYSTEMS

Objectlve Volume ﬂow rate [Method II-A: No minor losses
3 . |Uses Equation 11-3 to estimate the allowable volume flow rate

_[fo maintain desired pressure at point 2 for a given pressure at point 1
SI Metrlc Unlts

: . _ |Results: Maximum values
Area A 0.018651m” Volume flow rate: Q=  0.0569m%/s Using Eq. 11-3
D/e = 3350 Velocity: v = 3.05m/s

CLASS‘II SERIES SYSTEMS v ! R
. Given: Pressure p, = 120kPa

Pressure p,= 60.18kPa

fe. NOTE Should be > 60kPa
Addmonal Plpe Data. ‘ ' -

L/ID = 649
Flow Velocity = 2.88m/s
Velocity head = 0.424m at :
Reynolds No. =4.12E+04 Vel head at pomt 1 = 0 424m
Friction factor: f= 0.0228 Vel. head atpoint2 = 0.424m
nergy losses in Pipe: K Qty.
Plpe K, = f(L/D) = 14 76 1 Energy loss h ; = 6.26 m Friction
s: K 5 2 Energyloss h,=  0.38m
Energy loss h 3 = 0.29m
Energy loss hy 4 = 0.00m
Energy loss hy s = 0.00m
y : - Energy loss h¢ = 0.00m
- Ele)hent 7K7= V ,:‘,\0.0,0 1 Energy loss h,; = 0.00m
_ Elments: K= 000 1 Energy loss hg= __ 0.00m
Total energy loss hy 4 = 6.93m
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APPLIED FLUID MECHANICS 1l-A & II-B US: CLASS |l SERIES SYSTEMS

Objectwe Volume flow rate ~ |Method {I-A: No minor losses
11 \  luses Equation 11-3 to find maximum allowable volume flow rate

0 malntaln desired pressure at point 2 for a given pressure at point 1

Energy loss: hL = 202.221t

May need to co pute v=n/p

_ 68.47ib/Y y = 1.50E-041s

- Wal ,»mughness & ,
\ length:L=  |Results: Maximum values
Area: A = 0 20589ft2 Volume flow rate: Q =  1.4500ft%/s  Using Eq. 11-3
D/fe = 1280 Velocity: v = 7.04 /s

CLASS Il SERIES SYSTEMS _

Given: Pressure p; =
Pressure p,= 179.77 psig
NOTE Should be > 180 psig

Addltlonal Plpe Data.

LID = 9766
Flow Velacity = 7.04ft/s {
Velocity head = 0.770ft v 04
Reynolds No. =2.27E+04 Vel. head at pomt 1= .
Friction factor: f= 0.0269 Vel. head at point 2 = 0.77ft
Energy losses in Pipe: K Qty.
Pipe: K; = f(L/D) = 263 18 1 Energy loss h;; = 202.69ft Friction
 Element2: K.= 000 1 Energy loss hy, = 0.00 ft
Energy loss h; 3 = 0.00ft
Energy loss hy 4 = 0.00ft
Energy loss hys = 0.00ft
, nent Energy loss h,s = 0.00ft
\ Element 7: K7'- 0.00 1 Energy loss h,; = 0.00ft
_ Eloment 8:Ke= ‘ Energy loss hs = 0.00ft
Total energy loss hy = 202.69 ft
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APPLIED FLUID MECHANICS

Ill-A & 1ll-B SI:  CLASS lll SERIES SYSTEMS

Objective: Minimum plpe dlameter ,

ethod lll-A: Uses Equation 11-13 to compute the
inimum size of pipe of a given length

- hat will flow a given volume flow rate of fluid

Allowable Energy Loss hL = 15 74m

Volume flow / 'e-.?'lQ =

|with a limited pressure drop. (No minor losses)

o 06m s

Addltlonal Plpe 'Data
Flow area: A = 0.007538 m*

Relative roughness: D/ = 65313
LD = 306
Flow Velocity = 7.96m/s
Velocity head = 3.229m

Reynolds No. = 2.17E+06

Fluid Properties:

| Intermedlate Results in Eq 1’1, 13:
L/gh. = 0.194292
Argument in bracket. 2.89E-22

Final Minimum Diameter:
Minimum diameter: D = 0.0908 m

3229m

| Vel head at p0|nt1 =

Vel. head at point 2 = 3.229m
Results:
Given pressure at point 1 = 150 kPa
Desired pressure at point 2 = OkPa
Actual pressure at point 2 = 48.13 kPa

Friction factor: f=  0.0108 (Actual p, should be > desired pressure)
Energy losses in Pipe: K Qty.

Plpe Fr/ct/on K, = f(L/D) = 331 1 Energy loss hy; = 10.69m
Element 2 o001 Energy loss h,, = 0.00m
Energy loss h;; = 0.00m
Energy loss hy, = 0.00m
Energy loss h;5 = 0.00m
Energy loss h s = 0.00m
Energy loss h, 7 = 0.00m
Element 8 ng Energy loss h; 3 = 0.00m
Total energy loss by = 10.69m
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APPLIED FLUID MECHANICS

lll-A & Ill-B US: CLASS Il SERIES SYSTEMS

Exam;ale Pmblem 11 6

- System Data Sl Metnc Unlts

,, hat will flow a given volume flow rate of fluid
__with a limited pressure drop. (No minor losses)

Objective: Minimum plpe dlameter ~__|Method lll-A: Uses Equation 11-8 to compute the

inimum size of pipe of a given length

Fluid Properties:

Intermediate Results in Eq. 11-8:

L/igh, = 0.672878

Argument in bracket: 5.77E-09

Final Minimum Diameter:
Minimum diameter: D =

0.3090 ft

the pipe, enter "-323" for value |

f veloc:ty IS in
~ o Veocn

Plpe Fr/ct/on K, = f(L/D) =

\ fEfemenf 5: K5 =
Elem(-gn‘t& Ke=

Addltlonal Plpe Data. Velacsiy at point ;
Flow area: A= 0.08840ft° VeI head at point 1 = O 497 ft
Relative roughness: D/c = 2237 Vel. head at point 2 = 0.497 ft
LD = 298 Results:
Flow Velocity = 5.66ft/s Given pressure at point 1 = 102 psig
Velocity head = 0.497ft Desired pressure at point 2 = 100 psig
Reynolds No. = 1,57E+05 Actual pressure at point 2 = 100.46 psig
Friction factor: f=  0.0191 (Compare actual with desired pressure at point 2)
Energy losses in Pipe: K Qty

Energy loss h, ;= 2.83ft
Energy loss h;, = 0.34ft
Energy loss h; 3 = 0.38 1t
Energy loss h 4 = 0.00ft
Energy loss h;5 = 0.00ft
Energy loss h¢ = 0.001t
Energy loss h;7 = 0.00ft
Energy loss h g = 0.00ft
Total energy Ioss hyo = 3.55ft
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APPLIED FLUID MECHANICS System Curve US:  CLASS | SERIES SYSTEMS
Objective: System Curve _ Reference pomts for the energy equatlon:
Ex Prob!em 134 =

) Vel head at pomt1 =
at point 2 0.00 y Vel head at point 2 =
Tuid Propertles ) oo Mayneed to compute v= n/pl

Area: A= 0.06867 Area: A= 0033261 [A 1tD2/4]

Dle = 1971 D/ = 1372 Rel. roughness
LID = 27 LID = 1749
Flow Velocity = 7.30ft/s Flow Velocity = 15.06ft/s [v = Q/A]
Velocity head = 0.8271t Velocity head = 3.524 ft [v2/2g]
Reynolds No. = 1.78E+05 Reynolds No. =2.56E+05 [Ng = vDN]
Friction factor: f=  0.0192 Friction factor: f=  0.0197 Using Eq. 8-7
Energy losses-Pipe 1: K Qty. Total K
‘ Plpe K, 0519 1 0.519 Energy loss h;; = 0.43ft
 Entrance: K= 0500 1  0.500 Energyloss h,=  0.41ft
Gate Valve Kg = . 0136 Energy loss hy3 = 0.11ft
K= -0 Energy loss h.4 = 0.001t
0. Energy loss h 5 = 0.00ft
n Energy loss his=  0.00ft
n Energy loss h,; = 0.00t
0. Energy loss h;g = 0.001t
Qty. Total K
34.488 Energy loss h;; = 121.53ft
Energy loss h;, = 6.34 1t
Energy loss h 3 = 2.85ft
Energy loss h 4 = 3.811t
~ = . Energy loss h; s = 3.52 1t
\ Element 6Ke= 0 1 0.000 Energy loss his=  0.00ft
_ Element7:K;= 0000 0.000 Energy loss hi;=  0.00ft
 Element8:Ks= 0000 1  0.000 Energyloss hs=  0.00ft
Total energy loss hyy =  139.01ft
Resulits: Total head on pump: hy = 299.8 ft

Figure 13.41 Total head on the pump at the desired operating point for Example Problem 13.4
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SYSTEM CURVE - Table 13.3 PUMP CURVE: 2X3-10 PUMP WITH 9-IN IMPELLER-From Fig. 13.27

Q (gpm)  Q (cfs) h, (f) Q (gpm) Total head (ft)

0 0 160.8 0 370
25 0056 1629 25 369
50 0.111 1686 50 368
75 0167 1776 75 366
100 0223 1899 100 364
125 0278 2054 125 360
150 0.334 2241 150 355
175 0.390  246.1 175 349
200 0.445 2713 200 341
225 0501 2998 225 332
250 0557 3314 250 320
275 0612 366.3 275 305
300 0.668 300 285
325 0.724 325 265
350 0.780 350 245

Figure 13.42 Operating Point for Example Problem 13.4
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Friction Factor Calculation usmg Swamee-Jaln Equation 8- 7
roblem 8.28: Friction factor only; Sl data
Use consistent Sl or U.S. Customary units

Fluid Properties:  Wate

‘Plpe Data
/ Pzpe wall roughness :

Flow area: A= 0.000141m?or ft*

Relative roughness: D/g = 8927
Flow Velocity = 1.53m/s or ft/s
Reynolds No. = 5.34E+04
Friction factor: f= 0.0209 Using Eq. 8-7
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