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Moody Diagram LLamaiugUﬂwwﬁ bo Uag be

Absolute roughness
Material

£ (mm})
Riveted steel 3
Concrete 0.3-3
Wood 0.3
Cast lron 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

UMW o UEAANANUNETURIVRITEAUTIAANG 9
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Tunrsenulanilnaluveliiinannisamuladnlualuvieves Hazen — Williams
formula 10y empirical formula ANaw1IT Ui oldFunisinavesirluvienauviniy lnenaiiis
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D > & cm) BalljUnuuaNnisnail

Vv = 0.@eamn.CROM.S¥C (S| Unit)
dle
Vv = anusandsveanisinaluvienay
C = SuUsyanansivia Hazen — Williams coefficient
R = Saflvamansvaivie
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37N@UN1T Hazen - Williams formula aunsadiunasieunugdnylslunisaiuin dasendn
Hazen - Williams formula nomograph #Mu3UAMN o kg be WHUNINasTudmiunsinaly
vienauvesfigunil bo asrTALTYE

UM o

0.5

03
02

0.1

0.05

0.03
0.02

0.01

0.003
0.002

0.001

0.0005

0.0003
0.0002

Discharge (cms)

20

0.5

0.3

0.2

0.1

0.05

0.03

0.01

Hazen - Williams formula nomograph

02—
] 1.0
0.3 05
03
] 02
0.5
0.1
0.05
1.0~ s
| = ES 0.02
- =c
E E 1oo§ 2
e - 1= g 0.01
3 £ e 200§ 8 E
g 8 204E ) E
8 5 2 * 0.005
a £ 1
i E
% T 0.002
N @
<
& F-0.001
el 0.0005
0.0002
10
0.0001
0.00005
20~ 0.00002
H formula for 0.00001

water flow in pipe at 20°C

Pu1: nsuvaUsENU. (eeoe).

Hazen-Willams Hazen-Willlams
Material Coefficient Material Coefficient
oCs =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-iron - new unlined (CIP) 130 Plastic 130 - 150
Cast-iron 10 years old 107 - 113 Polyethylene, PE, PEH 140
Cast-iron 20 years old 89-100 Polyvinyl chioride, PVC, CPVC 150
Cast-iron 30 years old 75-90 Smooth Pipes 140
Cast-iron 40 years old 64-83 Steel new unlined 140 - 150
Cast-iron, asphalt costed 100 Steel, corrugated 60
Castron, cement lined 140 Steel, welded and seamless 100
Cast-ron, bituminous lined 140 Steel, interior riveted, no projecting rivets 110
Cast-iron, sea-coated 120 Steel, projecting girth and horizontal rivets 100
Cast-iron, wrought plain 100 Steel, vitrified, spiral-riveted 20 - 110
Comant 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

UM NI e
hun:

Hazen - Williams coefficient
NSNYaUIEMU. (0ébe).



b.o.lb) NMIEFINGIUTEI (Minor loss : h,,)

Minor Loss LﬂumsamLﬁaLamimmﬁﬁmsmﬁammawum I DNANIYD

A5 veINsInalaedundu GUQ“\]‘“LﬂG]GU‘U‘UiL’)m‘l/lﬂ@ﬂlﬁaw’maﬂﬂiﬂéﬂi”ﬂa‘U‘ﬂ@WN 9 L ’)’]ﬁ')

Jofo ToanvuIn TevengvuIn Tesedanng q madl - oan tHudu mﬂ']saml,aawamuiamv
muaaﬂusﬂqumsmaauuﬂaqmmLiasuaamslmaiuaﬂﬂsm LALLEAAIHLST muumimmmmsﬂm
maamaswaamuiaﬂ ezmmuiwm mmﬁﬂ,‘maaiuiﬂmamaﬂmvmwq Adulse E‘Wlﬁﬂ’liﬂfULﬁEJ
WEIUTDY (Minor loss coefficient : k) mmﬂmwm & 74 oo AulenANulsl (Velocity Head)

ﬂ\‘lﬁﬂ\lﬂ'ﬁ
vlﬁ:)
hm = k *
g
] 3 | ¢ al |
IW&JV‘T] k Q%%U@gﬁUUS%LﬂV]‘UEJ\‘lEJq‘UﬂﬁﬁW]bL‘VIaNTL!
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 1 10.0 Cross
Square Connection :0.50 | Gate valve Line flow : 0.50
Rounded Connection 1 0.20 - tully open :0.39 Branch flow 1075
Re-antrant (pipe juts into tank) : 1.00 - 14 open 1.0
Pipe Exit (Pipe to Reservair) = 1/2 opan 4,80 Mitered band ()
Square Connection : 1.00 -1/4 opan : 270 15° : 002
Rounded Connaction :1.00 | Ball Valve o — 1010
Re-antrant (pipe juts into tank] 100 | - fully open . 0.05 NS/ s :0.25
Contraction — suddan - 213 open : 5.50 W, 60" : 0.50
D, ., O,O,=0.80 :0.18 =1/3 open : 200 o0° 110
—— DyD=0.50 :0.37 |Angle valve - fully opan 14,30
b . vj DJD=020 :049 |Check valve - fully open 80° smosth band
Pk 2g - Convantional type ;4,00 Band radius/D =4 :0.16-0.18
Contraction — conical - Swing type 1 2.50 Band radius/D =2 : 0.19-0.25
D ., D,0,=0.80 :0.05 = Piston type : 10,0 Bend radius/D =1 :0.35-0.40
v, D,/D,=0.50 :0.07 - Ball type : 70.0
“_,*_: D,/0,=0.20 :0.08 |Butterfly valve - fully open +1.20
29 Foot valve Threaded Regular 90* :1.50
Expansion — sudden - hinged type 12,20 Threaded Regular 45 : 0.40
b, & D,0,=0.80 :0.16 - poppat type 1 12.5 Threaded Long Radius 90°  : 0.70
v__.'*—"i'_? O,/0,=0.50 :0.57 |Tee Flanged Regular 90° :0.30
=Y DJO=0.20 :092 Linve flow :0.30-0.40|  Flanged Long Radius 90°  : 0.20
ha=kag Branch flow :0.751.80] Flanged Long Radius 45  : 0.20
Expansion - conical Flanged, Line Flow :0.20
p, 5 D,0,=0.80 :0.03 Flanged, Branch Flow :1.00 180° Return Bends
v = D,/D,=0.50 :0.08 Threaded, Line Flow :0.90 Flanged :0.20
i Vi D/D=020 :043 |  Threaded, Branch Flow ;2.0 Threaded :1.50
he"*2a Threaded Union : 0.08

UMM we  dudseansmsgeyidendeanusas (Minor loss coefficient : k)

Pu1: nsuvausENU. (eeoe).
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square edged re-entrance slightly rounded
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n (v)
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(Sudden contraction)
Pu1: nsuvausENU. (eeoe).

0.5
0.4
g 0.3
¥ 02

0.1

0 01 0.2 03 04 0:5 06 0.7 D;G 0.9 10
D,/D,
FUN NI mo  FuUsEEVSNIgRYHenaUTavaiBvENgLUUTLTINUle
(Sudden contraction)
17: nFUYaUTENIU. (e&vo).



0

0 2 4 6 8 10 112
RID

(n) ()

sUA T el Nslviauazdulseansnisgydendinusesvasdasauuy
Smooth Bend yi «o°
]
Na: nsuralsEnu. (edoe).

et
- -

4

- e e e o P

po————

]
!
!
|
without guide vanes :
|
|

K=11

(n) (v)

JUANT e MslvianasduUTEENEN TR HENA YIRS Ya9da9aIUY Mitered Bend
11 nTuvaUTENIU. (edvo).

>

L

(%) Flanged connection

U e dosie uazdasaviinging 9
17: NIUVAUTENIU. (0ébo).

one



o)

(") Globe Valve

(9) Ball Vaive
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-

swing check vaive
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- - > \ P
poppet foat Valve hinged foot Valve conventional check valve ball check valve
(%) Foot Valve () Check Valve
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