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£ PIpe flow Is\veR/ impoertantireursdanyaliie:
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GeneralChHaRCIERSHCSIOINRPIPE
=10)1)Y

+ Tihere are assumphiens eRifermtiaie aneseive
this Importantpropient:

+ The pipe Is assumedite e completely uliier
the flowing fiuid:

+ The round shape flurd conveyeris assunea:
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_aminar or ureulient FElew

+ A Tlow may el aminar transitienai o)
turbulent.

Laminar

Dye streak

, well-rounded
entrance
!! Turbulent

24
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_aminar or ureulient FElew

+ Time independence eifltnaVeloCit a2 poIis

+ Pipe flow characteristics are Onthe
valuie of'Reynoelds numBer; REe;

Uy

/M/\\MMW\M\/\/\ Turbulent

Transitional

Laminar

t
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ERtrancerREGIGRIARENEUII,
Develeped oW

+ Flow Inithe entrance region GiRarPIRENS GUILE
complex.

Fully developed

Entrance region
flow flow
D
Inviscid core Boundary layer

(5)
Fully developed ‘ Developing
flow flow
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Pressure and Shear Stress

- Fully developed
flow: pP xa= constant

<«——FEntrance flow

Entrance
pressure
drop
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SUWABISEo)igiel EzipnllnrElr Flowy

+ RIS IS the case WhEre the exach SelUtienieT
Navier-Stokes equations canoe GuiaIRed:

+ Althoughmost flews are turoulentratnertian
laminar, and many: PIPEes are RO enGgENCUGHNG
allow the attainment of-fully; developedfilow; a
theoretical treatment and fully Understanaing of:
fully developed laminar: flow IS  of:consideranie
Importance.
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EullyADEVEIopENEaMINAIREIW
From F = e Acgoligd Dirgcily to 2 Fluicd Zlarmnani

+ Steady, fully developeaipPIRE T OVAEXPENERCES
No acceleration.

Fluid element at time ¢ Element at time t+ &

profile

Velocity |
r

S
R
|
I
I

Y!l
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EullyADEVEIopENEaMINAIREIW
Sronr) F = e Aooligd Dirgaily to 2 Flujd Elarner)i

Fluid element at time ¢ Element at timet+ &

Velocity |
/A

profile

1%

. s — — — — — — — —

X

\

(pl)”rz —(pl—Ap)ﬂ'rz —(T)ZEFZZO

a a 4 a o a Y U J of (%
ﬂWﬂrJ(’lf']']ﬁ'JﬂﬁﬁllLﬂ?ﬂ\jﬂa AMUSIAINIINATAET UN1INYIagVDULN [11] WR.PSULATINNTE ’Q(ﬂﬂﬂa



EullyADEVEIopENEaMINAIREIW
Sronr) F = e Aooligd Dirgaily to 2 Flujd Elarner)i

( pl)m‘2 —( o —Ap)m‘z —(T)Zﬂff =0
This can be simplified to
Ap 27
¢
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FUIAIDEVEIGREE |_.:a IREREIGY,
Frosm F = 2 '\r)r)JJ—uJ Dir | Fluid Elsrrignt

(12
'\_
ps

+ Since neither4p or ¢ are functionsieitieradial
coordinate, r, 1t 1s follow that 2z mustals
Independent of r. That IS, 7 = Cr, Where Cisa
constant.

+ Applying conditions for r= 0land = 1D/2; ehtaines:
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Fully DEVEIoPEUNEAITCIREIOY,
OIIN=NTIE] Appl]eJ Dirgcily io 21 Fluid Elernerii
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FUllyADEVEIOREUNEAITITEIREIOVY,
FrOMfE = e '\r)r)h-d Dirgcily to 2 Fluid Elernerii

V. - ADPI
16 10

Q= [UdAS.

TRV,

Q="

[

ille’s law

a a 4 a J a Y J o v A
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EullyADEVEIopENEaMINAIREIW
From F = e Acgoligd Dirgcily to 2 Fluicd Zlarmnani

+ For InclinedipIpe

Fluid cylinder

W sin6 = yzr?d sin 6

- (Ap—ylsin@)D*

2= 12811/
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EullyADEVveIope Nt UIERINEIOY,

Traipisitlarn froer Lairnirzr to Turoular Eloyy

+ lurbulent flows nmvelverandemiyiuctuamg
parameters.

Random,

turbulent fluctuations Turbulent

Turbulent
bursts

Transitional

Re = VD/v

Laminar

0
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EullyADEVveIope Nt UIERINEIOY,

Traipisitlarn froer Lairnirzr to Turoular Eloyy

u = time-averaged
(or mean) value
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HAATIANNE gAnNa


Movies\V8_2.mov

DIMERSIGRAINATAINSISICINRIPENEI GV

Velocity
profile, u= uly)

Rough wall Smooth wall
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Frig Mogcly Crieirt

AL

where f =

The energy equation for stead
flow Is given In chapter 5

V2
&+a1—+z &+052 +

4 20 4 2Q

a a 4 a J a Y J o v A
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DIMERSIGRAIFAREIYSISICINRIIENF G,
ng Wlaaely Crizirk

Where h, is the head

The o Is the constant called '« - 1o =) Feeianile gl
obtained from the simplificatic

uniform flow.
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+ For any velocity profile o= 1 Withro'="186nly
for uniform flow.
+ This can be simplified
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DimeEnRSIenaNARCISISIOINRIENI G
Frig Mogcly Crieirt

+ The Darcy-\Weistach equation isivalidoranyully,
developed, steady, Incompressipieflow:

+ f1s the friction factor WhICh'IS a functioni e Reynoeids
number and relative roughness.
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Trig Maacly Crizirt

Equivalent Roughness, £

Pipe Feet Millimeters

Riveted steel 0.003-0.03 0.9-9.0
Concrete 0.001-0.01 0.3-3.0
Wood stave 0.0006-0.003 0.18-0.9
Cast 1ron 0.00085 0.26
Galvanized iron 0.0005 0.15
Commercial steel

or wrought iron 0.00015 0.045
Drawn tubing 0.000005 0.0015

Plastic, glass 0.0 (smooth) 0.0 (smooth)
_______________________________________________________________________________________________|
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Laminar

flow

|

Transition range

Smooth

0.05
0.04

0.03

0.02
0.015

0.01
0.008

0.006

o™

0.004

0.002

0.001
0.0008

0.0006
0.0004

0.0002
0.0001

0.00005

0.00001
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Trig Maacly Crizirt

& [=0r; fOW TriCtIOR ACIO R INSHNGERENGERITOI
PIPE roughnneSS WhRICH GIVERNMHCHGRNACION
f=
Re
+ The portion o Mooay: ChartISEeRresentea

by the Colebrook formula:

1 g/D 2. 51 Students need to
_  — _20 |Og / —+ complete and

JF 3.7 Reyf thle section,
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DIMERS]
Vlislor Lo

— Major losses— thelessiin

— Minor losses— the IeSSesinpIpe SySemiCompenents
+ | osses due to pIpe system compenentsiare gIiventin
term of or equivalent length, .,

2 /
h —KV = f —
- 20 D 2¢
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Minlor Lossas — Enjirarics flow corclitions

K, = 0.04
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Mirlor Lossas — Sipeirg-acejac ariirarics

Flow separation
at corner

Ideal full recovery
of kinetic energy

P
2
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Mirlor Lossas — Irilgt aclejs
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Vlirlor Logssas — = floyy

- I
| "//b_\\/

KL = 1.0 (1) _\/>\_/—>/ @ —ﬁ' KL =1.0

_ _

(a)

_

K, =1.0 }O _W K, =1.0
\_/—

L)
i\
(c)
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Wlirler Lossas — Siucelear coriraiciior
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Mirlor Lossas — Siucdelar gxozrnsior)
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Wlirler Lossas — Carllezl diffuser

@degrees
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Vislor Eossas — 907 garice

Separated flow

Secondary
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Mirlor Lossas — Plog sysiarn Corfoornaris

Component

a. Elbows
Regular 90, flanged
Regular 90", threaded
Long radius 907, flanged
Long radius 90, threaded
Long radius 45", flanged
Regular 45°, threaded

180° return bends
180" return bend, flanged
180° return bend. threaded
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Mirlor Lossas — Plog sysiarn Corfoornaris

Component

c. Tees

Line flow, flanged

Line flow, threaded
Branch flow, flanged
Branch flow, threaded

d. Union, threaded 0.08
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Mirlor Lossas — Plog sysiarn Corfoornaris

Component

e. Valves
Globe, fully open
Angle, fully open
Gate, fully open
Gate, ﬁ closed
Gate,  closed
Gate, % closed
Swing check, forward flow
Swing check, backward flow
Ball valve, fully open
Ball valve, % closed 5.5

Ball valve, % closed
|
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Gate VValves

PACKING

BODY/BONNET

COMMECTION

ik sl

v A
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Glope VValves

Handle

PACKING

BODY/BONNET
CONMNECTION

Stem washer
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Ripe oW EXampIe
Sipiellg Plos

£ PIpe flow proplems Cante CalegonZea ey AniTal
parameters are given and Whatis 1o/ ee calculated:

Variable Type 1 Type 11 Type 111

. Fluid
Density Given Given Given
Viscosity Given Given Given
. Pipe
Diameter Given Given Determine
Length Given Given Given
Roughness Given Given Given
. Flow
Flowrate or Average Given Determine Given
Velocity
. Pressure
Pressure Drop or Determine Given
Head Loss
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