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L = Augmvie
¢ = anusaillesannuselinaig
f = adudssEnennUdunn1urens® (Darcy-Weisbach friction factor)

lngendUseansaudennIuYeInnsd (Darcy-Weisbach friction factor : f) axfiuegiungAnssu
Yaanshualuvie FemeunlaiinmsunaueaunIsNLgAIUITUIAIENUSEANSANUESAN U 9T

o

- AAUUTEANSAMUEEANIUTBIURINS AL UUSIULS8U (Friction factor for laminar flow)

PPV
pVD Re

SeNANN15T19RUIT Hangen-Poiseuille law Wasaniluaunisiansulagiminsieesiunte

Hangen WaztnIne A@nIvINTIAANYD Poiseuille
- AduUszanSanudsaniuresuadnis makuutuliulunentdaseu(Friction factor for
turbulent flow in smooth pipe)

Prandtl laa$1aaunis lngerdedayadinnisvaassves Nikuradse (@nfiwgves Prandtl) I
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D!

1
— =2.00-log(Re - /f) — 0.80

Jf

- AduUszansanudsaniuvesnisivasuudutiuluvienifavienu(Friction factor for

turbulent flow in rough pipe)

Colebrook latiausaunisnismenduussansanudsaiulunsdifianuvessatdvieinansenuly

SYAUUIUNA1RAIT

*/p 2.51
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= —2.00 - log
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- AnduussAnsanudeaniuvesnisirasuutudiuauysal (Friction factor for complete
turbulent flow in rough pipe)

Tunsalnisluaviavguszann (Fully rough flow) Karman leiiausaunisvesnismadudssans
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Poiseuille @1n15U94 Prandtl @1n1589 Colebrook hazauni1svad Karman wianasiidunsin
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AUAUNUTILIIN Reynolds number (Re) Relative roughness ( E) AU friction factor (f) @4L38n

Moody Diagram f4m1514

AT IAAIAIANNNENURI VR TAR YRR



Absolute roughness

Material £ (mm)
Riveted steel 3
Concrete 0.3-3
Wood 0.3
Cast iron 0.25
Galvanized iron 0.15
Stainless steel 0.045
Rubber 0.025
Fiberglass 0.005
Carbon steel/Wrought iron 0.045
Drawn tubing-Glass,Plastic 0.0015
Copper 0.0015
Aluminium 0.0015
PVC 0.0015
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o.on.lo NMIFYFLNAIUTBI (Minor Loss : hy,)

. [ = A a A a <
Minor Loss LUUﬂ']ﬁQQJ‘LaEJLﬁﬁﬂ:u"q@mﬂﬂqﬂ.ﬂaEJULLUaQGUUf]@ %i@ﬂﬁ%’m‘umm’mLi’J“UENmﬂﬁaIﬂEJ
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AU FarzinTuusnunvesaniugunsaiUsenouriediey 1w 1187 Yesie Jeanvuin Toveny

A Teewilafigg madi-een 1Wudu Finsgadendinusesiiaziueg
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TRV RUTR PRIGIATRIER

AnuFveanisivalugunsal wazienmnuidd dslunisewnAvsINsgydonauses dedulng

o

aimualveglusuremanmseving ArduUsEEnSNsEaLEena1UTB (Minor loss coefficient : k)

AulenAasy (Velocity Head) faasnis

£

VZ
hm=k5

lneen k agduegiuussinvvesgunsaiiilvaniy

duUszansnsandendasuses (Minor loss coefficient : K)

Type of Component or Fitting :K Type of Component or Fitting : K Type of Component or Fitting : K
Pipe Entrance (Reservoir to Pipe) Globe valve - fully open :10.0 Cross
Square Connection :0.50 | Gate valve Line flow : 0.50
Rounded Connection :0.20 - fully open :0.39 Branch flow :0.75
Re-entrant (pipe juts into tank) :1.00 -3/4 open :1.10
Pipe Exit (Pipe to Reservoir) -1/2 open :4.80 Mitered bend (0)
Square Connection :1.00 -1/4 open 1 27.0 15° :0.02
Rounded Connection :1.00 |Ball Valve Dy . - 30° :0.10
Re-entrant (pipe juts into tank) :1.00 - fully open : 0.05 \9/" 45° :0.25
Contraction — sudden -2/3 open : 5.50 \ 60° : 0.50
D, p, D,/D,=0.80 :0.18 -1/3 open 1200 90° :1.10
—S D,/D,=0.50 :0.37 |Angle valve - fully open :4.30
Vie=rT Y2 2 DJD,=020 :0.49 |Check valve - fully open 90° smooth bend
h,=k 52
™29 - Conventional type 1 4.00 D Bend radius/D =4 :0.16-0.18
Contraction - conical - Swing type 1 2.50 =~ Bend radius/D =2 :0.19-0.25
*D: D, D,/D,=0.80 :0.05 - Piston type :10.0 m\‘ Bend radius/D =1 :0.35-0.40
VT’ _\71 , D,/D,=0.50 :0.07 - Ball type 1 70.0
T h =k!1 D,/D,=0.20 :0.08 |Butterfly valve - fully open 11.20 Elbows
™ 2g Foot valve Threaded Regular 90° :1.50
Expansion - sudden - hinged type 1220 Threaded Regular 45° :0.40
D, P2 D,/D,=0.80 :0.16 - poppet type 1125 Threaded Long Radius 90° :0.70
_,*—' N D,/D;=0.50 :0.57 |Tee Flanged Regular 90° :0.30
Vs 1“1-"= V2 D,/D,=0.20 :0.92 Line flow : 0.30-0.40 Flanged Long Radius 90°  :0.20
h"‘=k2_g1 Branch flow : 0.75-1.80 Flanged Long Radius 45° :0.20
Expansion - conical Flanged, Line Flow :0.20
D, P2 D,/D,=0.80 :0.03 Flanged, Branch Flow :1.00 180° Return Bends
viIER? D,/D,=0.50 :0.08 Threaded, Line Flow 1 0.90 Flanged :0.20
! r\rh 2—k vi D,/D,=0.20 :0.13 Threaded, Branch Flow :2.00 Threaded :1.50
™ "2g Threaded Union :0.08
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square edged re-entrance slightly rounded
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Primary flow

() (@)

nslva uagduyseavanisgadendsiuses vesdaseuuy Smooth Bend 43 wo®

Mitered Bend
with guide vanes

Mitered Bend
without guide vanes

KE1.1 K=0.2

(n) ()

a 2 ¥

nslva wagduyseavanisgadendsiuses vesdaseuuy Mitered Bend

(2) Flanged connection
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(n) Globe Valve

side view

z
— \\\ —
S
N A () Ball Valve
top view
(9) Butterfly Valve

o |
—_ .
\ 4 ) ~
swing check valve piston check valve
e =
Ta gl -~
poppet foot Valve hinged foot Valve conventional check valve ball check valve
(®) Foot Valve (%) Check Valve
I3 a 1
NMAIVUARE)

aun1s Hazen-Williams

TunsAuans thlualuvie Iudnniseurailualurieves Hazen-Williams formula (u
empirical formula fifmutwiieldfunsivavesiluenay Wity Tnenaadenanuduius
5EMI19 ALE89n15IMa (AI1LEITLILITEL V < eo m/S) N15ANAITBIAUAUSY
Wesnanusadoavuuunie wazAUANTRVIINIENINYDIVE (yuavieTnzayaude D
> & cm) Beflguuuuaumsdall

V = o.@exlo .C R o™ g€« (SI Unit)



= a |
V = AULSLRAsYe9NITialuvianay
C = duuszansnnslua Hazen-Williams coefficient
R =SAflvamansvane

S =ANUANNTUVDITEAUNGIY

FULARINNTULAENAINUNAN WagANUTUYRITEAUNGIY

mniarsannisvaluvenauniidurnaudnaiawiiu D agledn

A =dD? p
R=—=4—=—
P~ 7D 4

wazazlai
V
hf = 6.822. L. (6)1.852.1)—1.167

INaUN13 Hazen-Williams formula ansnsathanasrawsugingiglinisdnam fasenit Hazen-
Williams formula monograph wnugiitai1adudwmsunsivaluvienas vesfigaumail bo o4
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MN5719% o Hazen-Williams coefficient
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Hazen-Williams Hazen-Williams
Material Coefficient Material Coefficient

«Ca «Ce
ABS - Acrylonite Butadiene Styrene 130 Fiber 140
Aluminum 130 - 150 Fiber Glass Pipe - FRP 150
Asbestos Cement 140 Galvanized iron 120
Asphalt Lining 130 - 140 Glass 130
Brass 130 - 140 Lead 130 - 140
Brick sewer 90 -100 Metal Pipes - Very to extremely mooth 130 - 140
Cast-lron - new unlined (CIP) 130 Plastic 130 - 150
Cast-lron 10 years old 107 - 113 Polyethylene, PE, PEH 140
Cast-lron 20 years old 89-100 Polyvinyl chloride, PVC, CPVC 150
Cast-lron 30 years old 75-90 Smooth Pipes 140
Cast-lron 40 years old 64 -83 Steel new unlined 140 - 150
Cast-lron, asphalt coated 100 Steel, corrugated 60
Cast-lron, cement lined 140 Steel, welded and seamless 100
Cast-lIron, bituminous lined 140 Steel, interior riveted, no projecting rivets 110
Cast-Iron, sea-coated 120 Steel, projecting girth and horizontal rivets 100
Cast-lron, wrought plain 100 Steel, vitrified, spiral-riveted 90-110
Cement lining 130 - 140 Steel, welded and seamless 100
Concrete 100 - 140 Tin 130
Concrete lined, steel forms 140 Vitrified Clay 110
Concrete lined, wooden forms 120 Wrought iron, plain 100
Concrete, old 100 -110 Wooden or Masonry Pipe - Smooth 120
Copper 130 - 140 Wood Stave 110-120
Corrugated Metal 60
Ductile Iron Pipe (DIP) 140
Ductile Iron, cement lined 120

M1379% e Manning's roughness coefficient

Material

Manning's Roughness
Coefficient (n)

Material

Manning's Roughness
Coefficient (n)

Asbestos cement
Asphalt

Brass

Brickwork

Cast-iron, Wrought-iron
Clay tile

Concrete - finished
Concrete - unfinished
Concrete - steel forms
Concrete - wooden forms
Concrete - centrifugally spun
Copper

Corrugated metal
Galvanized iron

Glass

Lead

0.011
0.016
0.011
0.015-0.016
0.012-0.015
0.014
0.012
0.014
0.011
0.015
0.013
0.011
0.022
0.016
0.010
0.011

Masonry
Metal - corrugated
Plastic
Polyethylene PE
- Corrugated with smooth inner walls
-Corr

d with corr d inner walls|

Polyvinyl Chloride PVC with smooth inner walls
Rubble

Steel - Coal-tar enamel

Steel - smooth

Steel - New unlined

Steel - Riveted

Wood - planed

Wood - unplaned

Wood stave

0.025
0.022
0.009

0.009 - 0.015
0.018 - 0.025
0.009 - 0.011
0.030
0.010
0.012
0.011
0.017 - 0.019
0.012
0.013
0.012
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- viowan (Steel pipe)

- ewane1udanyd (Galvanize steel pipe)

- 997% (Polyvinyl chloride pipe ,PVC)

- 9Nd (Polyethylene pipe ,PE)

- V9LvAND (High density polyethylene pipe, HDPE)

- odluunlediu (Asbestos cement pipe ,AC)

- VioApUNIALESIWAN (Reinforce concrete pipe)

- VDADUNINOALSS (Pre-stress concrete pipe)

- newasulunna (Glass fiber reinforce polyester pipe ,GRP)

e.clb N1399NLUVIUINYIBEIUN (Design of pipe size)
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AU Hydraulic Grade Line mmuwiaﬁgqszw

e A3 G 9

fna uazesnuuuamsUssnevlussuuviedisiduluaeviedugudu Thrust block mesle

war Ausuvie (nsalldaunsalavioashiuld) Uodnaznau TafonsunInsULIIAY 98

b, AUAIBIINAY Water hammer Wiy Surce luduvioustazdisviowite tilufiansandu
AN NYDYIBTUUTIF LTI
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nanIvINITUI kil mm Uivmm Usenszunea1ne (Air valve) Usdnmzneu Wsamwm W7

Lﬁ‘LWIE)‘V!ﬂ 9 angidnIndu Hydraulic grade line 3ol
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foin1s gunsainidnduseddlussuuvoduhiisedddiaus wu W (Check Valve) 1é Uadnun
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WUURN9) 4aI18258 U880 (Air Release Valve) Bellanwaly waz3unsasngaail
000 Utz (1501147) viinr1e9
< s o, s a o v A Y} o v o 1 o &
®. W87 (Check Valve) Wundaivinnthndesiuldlmilvadoundu fuves
I3 A & A < S s A4 A o % 1Y)
Nawuuilazlaliennusivesnisivavesindugudviadeiinisivadeundu Tu
aa 1 , 5 1 " & o & v A O 3 1% [y O S 1% [y
nstiianeviedeiedgenintuindudesdinaadaailidesiulalviinlnadounduin
anudeyesiewnsesguiila
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o N (Gate Valve) lunawiseuseguiildauiunigl viudsesd
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UIMIAB (Single Disc) UMY (Double Disc)

W87 (Gate Valve)
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Valve Anchorage

1 - Mechanical Joint or D Emantling Joint

2 - Reinforced concrete valve pit
incorporating a thrust wall

T - l = o 3 - Valve connector with thrust (puddle)

V= Flange

Concrete thrust

. wallsetinto ReducerAnchorage
undisturbed material

in the trench wall
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