Table of Contents

CHAPTER 1

Theory of Flow in Pipe

I E DY o smesmsinn s tisss duiesi i msinimnis s msicdpes s i
Physical. Properties of Fluids .....covveecerriiinnrnene
WEBEDRIEY st i s e i i e b
Density ... B B E S A  m
Specific volume
Specific gravity o iesinnnneii i e

Nature of Flow in Pipe —
Laminar and Turbulent
Mean velocity of flow
Feynolds number ...
Hydraulic radius ......coommvimessrnrmssrssesssmssrs cessres

General Energy Equation —
Bernoulli’s THEOTEmM ...c.oo e miriiacesnssisssasnsssnnianes

Measurement OF Pressure ...ooeeoome o eceeeeecccveeenecanns

Darcy's Formula —

General Equatjon for Flow of Fluids ................... 1-6
EricHon factor U e i S 1-6
Effect of age and use on pipe friction ............... 1-7

Principles of Compressible Flow in Pipe................. 1-7
Complete isuthermal equation ..........cccceeeeecnes 1-8

Simplified compressible flow —
gas pipe line formula.. i
Other commonly used furmul.:s for
compressible flow in long pipe lines .............
Comparison of formulas for

compressible flow in pipe lines ... 1-8

Limiting flow of gases and vapors

Stearmn — General Discussion ..o eeeeeeermermrn oo

CHAPTER 3

Formulas and Nomographs for Flow
Through Valves, Fittings, and Pipe

L PO RO i i s cvidm s s S i i
Summary of Formulas .....ceeeeevcevcsvsserenes 3-2 1o

Formulas and Nomographs

for Liguid Flow
Meldeity b i i s iy
Reynolds number; friction factor for

clean steel pipe .........cooecerninc i

Pressure drop fur turbulent flow
Pressure drop for laminar flow .oooeeeecenencneeeeee
Flow through nozzles and orifices ..o

Formulas and Nomographs

for Compressible Flow
N BIOCIIN ocnimmsn s s s i o i s g
Reynolds number: friction factor for

clean stee] pipe

Pressiiie diop . couinimammmnsisi i i
Simplified flow formula .o
Flow through nozzles and orifices ........cccceueee.

pagme

CHAPTER 2

Flow of Fluids

Through Valves and Fittings page
AN RO o s st ey 2-1
Types of Valves and Fittings
Used in Pipe SYSIEms ....cccoovrreemecssssssmiamsssnssassasas 2-2
Pressure Drop Chargeable
to Valves and Fittings ..o 2-2
Crane Flow Tests
Description of apparatus used __.........ccovnenns 23
Water flow tests o i 2-4
Steam flow BESES e 2-5
Relationship of Pressure Drop
b Velocity of Flow ... mimsomimisinns ionsnss sassnn 2-7
Resistance Coefficient K, Equivalent Length
L/D, and Flow Coefficient ........cocccrermsrmcesrssnsn e 2-8
Laminar Flow Conditions ..o, 2-11
Contraction and Enlargement ..o 2= 11
Valves with Reduced Seats ....coccvvvcerevrenemsnncans 2-12
Resistance of Bends ... cosnecssnasons 2-12
Resistance of Mitre Bends ..oocccveeeeeev e 2=13
Flow Through Nozzles and Orifices
General data ... ST L
Edgoad Flomr i s i s "-'— 14
Gas and vapor flow .. 2-14
Maximum flow of compressible
fluids in @ NOZZIE....cocceeevermvermrrrcae s mn e 2-15
Flow through short tubes .....oeeeeerecr s 2=15
Discharge of Fluids Through
Walves, Fittings. and Pipe
Fiquid flowr oo s i s, iy 2--15
Compressible flow .....ccorvecvvrrrensnsrermsmssesrerssmnseens 22213
CHAPTER 4
Examples of Flow Problems pag
Introduction .. . veeesnnneas =1
Reynolds Numher and Frlctmn Faclur Fur
Pipe Other than Steel ... .civinimncnenrnnrneerenac 4--1
Determination of Valve Resistance in L,
LD, K, and Flow Coefficient C, e =2
Check Valves — Determination of Size ..oveceeeenes 43
Reduced Port Valves ~ Velocity and Rate
of: Disehirge i AR R 4 3
Laminar Flow in Valves, Fittings, and Pipe ........... 4-4
Pressure Drop and Velocity in Piping Systems ...... 4 6
Pipe Line Flow Problems ..........ccoiiiiiiinninnns 4 10
Discharge of Fluids from Piping Systems ............. 4 12
Flow Through Orifice Meters ........occoocececeninciniannnns 4-15
Application of Hydraulic Radins
to-Flvw Problems o nisibhiaeiiiei 4 16




APPENDIX A

Physical Properties of Fluids
and Flow Characteristics of
Valves, Fittings, and Pipe

page
17110 aTs 1T 1 T T A—1
Physical Properties of Fluids
RESEOSTEY: OF SEERIL fosvessnemsnisniesomnincan cumss sinmanvs e vn A-2
Viscosity of witler . A-2 A3
Viscosity of liquid petroleum products ........... A-3
Viscosity of various liquids ..omveeeeiieees A-4
Viscosity of gases and hydruulbun \'apurs CAS
Viscosity of refrigerant vapors . L A-3
Physical properties of water .. A G
Specific gravity - - temperature
relativnship for petroleum wils o AT
Density and specific
gravity of various lquids i A-T
Physical properties of 23565 .oovooveicccec . A--8
Stearm  values OF T ceveeeeeocerscemmene e s e A-9
Density and specific
volume of gases and vapors A- 10

Volumetric composition and

specific gravity of gaseous fuels . A-12
Properties: suturated STEAM ..o, A. 3
Properties: superheated steam ... A--15

Flow Characteristics of

MNozzles and Orifices
Flow coefficient C for nozzles ovvvvvenvninn, A 200
Flow coefficient C fuor

square edged Orifices .. A--20
Net expansion factor ¥

for compressible flow ... A-21
Critical pressure ratio, r,

for compressible flow o A-21

Flow Characteristics
of Pipe, Valves, und Fittings
Net expansion factor ¥ for compressible

flow through pipe to a larger flow area ... A-22
Belative roughness of pipe materials and

friction factor for complete turbulence ... A-23
Friction factors for

any type of commercial pipe ..o A-24
Friction factors for clean

commercial steel pipe ..o e A-23

Representative Resistance CoefTicients (K)
for Valves and Fittings -- “K"" Factor Table

Pipe friction MACLOIS .ieimsis s A-26
Formulas; contraction and

ENJATERMENL wiiiiiiiinr oo A=26
Formulas; reduced port valves and fittings ....... A-26
Grte, globe and angle valves .. A-27
Cheek VAIVES oo ans s simss i an s miamana i A-27
Stop-check and foot valves .. A28
Ball and butterfly valves .. A28
Plug valves and cocks .o, A-29
Bends and fittings ....cccommmmmmmmmnm e A-29
Pipe entrance and exit ..., A-29

Equivalent Lengths L and L/D
and Resistance Coefficient K Nomograph ... A-30

APPENDIX B
Engineering Data page
Tt e (I RROIN s cvivnssssin smismsmsnin sinshinisvssinamisiinpsmmsinmn. =

Equivalent Volume and Mass
Flow Rates of Compressible Fluids ..oovooevveveernnn. B=2

Equivalents of Viscosity

Absolute {Dynamic).....coccoveevmsessesesesrensssesnees B-3
KMETALIO: < e crinaivstinirunsssssmssissmicssiinnsmssauiinssinin B-3
Kinematic and Saybolt Universal ..........coevrveenee B=db
Kinematic and Saybolt Furol ....ocoooiirinnnn. B—4
Kinematic, Saybolt Universal,

Saybolt Furol, and Absolute .....cccceeicneens B-5

Saybaolt Universal Viscosity Chart .occiicinccinne.. B—6

Equivalents of Degrees APL,
Degrees Baumé, Specific Gravity, and Density ..... B—7

International System of Units (SI) ..o vecceeeecnnean, B-8

Conversion Equivalents
Lanipt e s R L B-10
TR oo i e e e B e o S B-10
WOlUIME oo rves e s rmssssees s e rmse s eomsernensnnraceereres Bim= 10
Liquid Measure .. e B0
Velocity .. N o e e R - I |
I o s e i s v B A B-11
Mass Flow Rate .ecvecciicressensssnssenssseresssncnnees B-11
Volumetric Rate of Flow ..o ceeece e B-11
Force . D T L o B
Pressure and qumd Head eeeeerereressnsnseress B—12
Energy,Wnrk Heat .. e | o
PO e LA B

Flow Through Schedule 40 Steel Pipe
| L I — B-13,B-15

Commercial Stee] Pipe Data
Schedules 10 to 160 ........ccconiiincsnicininccasiass B-16
Standard, extra strong,
and double extra strong ...occcecvrerrcsrcnrsnnens B=17
Stainless Steel Pipe Data .. ..o B-18

Commercial Steel Pipe Data
IS0 336 and BS 3600.......cirnirrcrrnessnenens B-19

Power required for Pumping .....oooovviinsrerecssrnsrenenn B=21

Fahrenheit — Celsius Temperature Conversion...... B—22

MISCELLANEOUS
: : page
Mustrations of Typical Valves
Globe, angle, and stop-check .ovviniisniennnnnns A-18
Lift and swing check ..ccovvinnvenssnnsanns 2—7and A-18
Tilting disc check and foot ...oecevevenrercseninens A=19
Gate, ball, and butterﬂ}f ................................... A-19
Cocks .. S s P 1

Bibliography ...ocoveverereecececeeene 882 second page of book
FOREWOT st ki see third page of book

INOMENCLALUE «..oeererererenanrerere e s rssiacanseens SEE MEXE PagE



