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AULEYANIUA I
- ANduUsEANSANULELANILYRINTS MawUUSIUS U (Friction factor for laminar flow)
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Sunauni1s9198udn Hangen — Poiseuille law 1l asaniduaunisfdndulaeimnsieosduiide
Hangen waztindnemansanalsuaaiive Poiseuile

~ Arduuszans aradeaniuresnisinanuud uthuluventas ey (Friction factor for
turbulent flow in smooth pipe)

Prandtl laias19aun1s lnsodudayaainnisnaassves Nikuradse (gnAwdved Prandtl)

ﬁ = v.oo * log(Re ' \/]_() - 0.8O
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_ Andudszans anudsaniuvesnisluanuut ulauluvienanenu (Friction factor for
turbulent flow in rough pipe)

Colebrook inausaunisnismerdudszans aandoaniulunsdiiauvguszniie
fnansynulusydulunanssad

® e/o b.é&e

\/1_1: ‘b.oo . log . Re\/]—[

- Andudsednsanudsaniuveanisivawuududiuauysal (Friction factor for complete
turbulent flow in rough pipe) Tunsginisluariovguseunn (Fully rough flow) Karman laniaue
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wagiialirenanislgiu Tul a.a. exee Lewis F. Moody lAsa1n15v99 Hangen-Poiseuille
A31N15U94 Prandtl @un15v83 Colebrook wazaun1svad Karman 1anasradunsav

v v € | . € ) L. =~ o '
ANMUFNNUSTEWIN Reynolds number (R,) Relative roughness (=) AU friction factor (f) #4t38n177
D

Moody Diagram uandluguninil me uaz <o

Absolute roughness
Material

E (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 steelWrought iron 0.045
Drawn tubing—Glass,Plastic 0.0015
Copper 0.0015
Aluminium 0.0015
PVC 0.0015

FUNMMNA e WERSAIANUNEURIYBITENTLARN 9
07: NIUVAUTENIU. (0dbo).
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(l».) dun1g Hazen — Williams

Tunisdurainlualuriel¥i wdnnisAuiainlualuvieves Hazen -
Williams formula 1§ empirical formula fiwmundwdieldfunisinavesilurionauingu Tne
naAImINduR S sEnI 9IS Ieansiva (A1EATMNITEN V < eo m/s) N15AREIUBY
AnususuLesnnusIdaIUURT e wazauaTRINEAIYeIYe (MnavieTivanzaue
D > & cm) SufigUnuuaunisdel

V = o.@&an.C.RP" ST (S| Unit)

= anuSndsveanisinaluvienay

= FuUsvavsnislva Hazen — Williams coefficient
= SAadlraransyavio

= AMUAIATUVBITLAUNSIU mugﬂmwﬁ o

-------------------- ?"Wi
!
v ‘ Emrgymum .
i 1
297 : ; ¢
I Ao % — _ﬁyd_:aun_c grade fine » 29
P, I Bl R, B
T - [P,
X

UMM @0 NIEYIEINAIUNEN WATAUTUVBITTAUNAIIY
u1: NsuYaUsENU. (néooe).

mnfiarsannisivaluvenauniiiduriuaudnaraviiiu D agledn

A < D
R = - : — = -
p D &
v 0.8&®
-6.0D
Hf = ool . L. | = D>
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37N@UN1T Hazen - Williams formula aunsadiunasiaunugdndaslunisaiuin dasendn
Hazen - Williams formula nomograph #Mi3UAMN <o kag <o WHUNINasudmiunsivaly
vionauvea1gaungil bo s walgyd

0.2+
4 1.0
1.0 ]
2.0 0.3+ 05
i 03
ib ] 02
03 ; 0.5
0.1
02
0.5 0.05
0.1 1.0 o~
03 ] 50 § e 0.02
E 1005 £
0.05 023 o 1= g 0.01
P-4 £ -
s P8 E ™% £
e ) s 1z e 0.005
£l
00245 o1 ] H 18
k- 3 {2 »
% L 3.0 0.002
0014% R ]
<
5 005 i ~-0.001
0.005 5.0
- 0.0005
0.003 4
0.02 4 0.0002
0.002 ]
10
0.0001
0.001 0.01
0.00005
0.0005 ]
20~ 0.00002
0.0003 .
H formula for 0.00001
0.0002 water flow in pipe at 20°C

g‘tmeﬁ &e Hazen - Williams formula nomograph
Nu1: nsuralsEnu. (edoe).

Hazen-Willams Hazen-Willlams
Material Coefficient Material Coefficient
«C» =C=

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-lron 20 years old 89-100 Polyvinyl chloride, 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 coated 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
Castron, 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

sUMWA @m  Hazen - Williams coefficient
u1: nsuvausEnv. (eeve).
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o) N5gaYAENEIUT (Minor loss : h,,)

Minor Loss LﬂumsamLﬁaLamimmﬁﬁmsl,ﬂ?{aul,l,ﬂawum NI ANI9YD 9

AN IveINsinalaedundy ezm]‘vmmlu'usmeSUaalwamuaﬂﬂsmﬂivﬂawama 9 1T :nm

Jofo ToanvuIn Tevengvun Tesedanng q madl - oan tWudu mmsammawmmuiaauw

muaqn‘ugﬂqumsmasJuLuJaqmmLiﬁ%@ﬂﬂﬁilwaiuqﬂﬂim LAZLEARINILED FITUNNSANLIANYDS

nMsgadondsauses fedaulvgazimunlieyluguvesnagmszning aduuszans msgade

WAWIUTDS (Minor loss coefficient : k) mmgﬂmwﬁ e i @« Tuennasa (Velocity Head)
FIANNTT

Vl@
hm = k *—
Ll
] 1 Y ¢ al |
lneen k agdusgivUssinnuesgunsniiilvaniu
Type of Component or Fitting K Type of Component or Fitting : K Type of Component or Filting : K
Pipe Entrance (Reservoir to Pipe) Globe valve - fully open :10.0 Cross
Square Connection 1 0.50 | Gate valve Lime flow : 0.50
Rounded Connection :0.20 = fuilly open :0.39 Branch flow 10,75
Re-antrant (pipe juts into tank) : 1.00 -3i4 open (110
Pipe Exit (Pipe to Reservair) = 1/2 opan 4,80 Mitered band ()
Square Connection :1.00 - 114 open 1270 15" :0.02
Rounded Connection :1.00 | Ball Valve o nsags :0.10
Re-antrant (pipe juts into tank] : 1.00 = fully open : 0.05 \H,-I 45 :0.25
Contraction — suddan - 213 open : 5.50 , 60" : 0.50
b, o, D,/D,=0.80 :0.18 = 1/3 open 200 0° :1.10
—— DyD=0.50 :0.37 |Angle valve - fully opan 14,30
Vs 1—!1.- ' . . 5
o vi D,/D,=0.20 :049 |Check valve - fully open 807 smooth bend
Pa=k 29 = Conventional type :4.00 Bend radius/D =4 :0.16-0.18
Contraction — conical - Swing type 1 2.50 -~ Band radius/D =2 : 0.19-0.25
t“- Dy D,/0,=0.80 :0.05 = Piston type :10.0 % Bend radius/D =1 :0.35-0.40
Vil ,.I: 0,/0,=0.50 :0.07 - Ball type : 700
h_“_: D,D,=0.20 :0.08 |Butterfly valve - fully open (1.0 Elbows
29 Foot valve Threaded Regular 90* :1.50
Expansion — sudden - hinged type 12,20 Threaded Regular 45 : 0.40
B, B D,/0.=0.80 :0.16 - poppet type (125 Threaded Long Radius 90°  : 0.70
__.L"L DyD,=0.50 :0.57 |Tee Flanged Regular 907 10,30
Y '!"1:?’ :  DJD,=020 :092 | Lineflow :0.30-0.40|  Flanged Long Racius 90°  :0.20
hamkog Branch flow :0.75-1.80] Flanged Long Radius 45  : 0.20
Expansion = conical Flanged, Line Flow :0.20
o, & D0,/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
'F=F " vi D0J/D=020 :013 | Threaded, BranchFlow  :2.00 Threaded :1.50
"e"*2a Threaded Union : 0.08

= a a £ = o . . .
JUNMWY €& dUUITANSNITFULAIWAIIIUTDI (Minor loss coefficient : k)
11 nTuYaUTEN Y. (edvo).
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square edged re-entrance slightly rounded
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sUn i & MsivausianaenisesniiayuaIn wuuUaneBu uasiuuauyulAe
u1: nsuvausEnu. (eeve).
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g‘dmwﬁ oo auﬂ'szfmﬁmsgzy,Lﬁﬂwaa\ﬂuiawawaammmwuwuﬁwﬂﬂ
(Sudden contraction)
a
NU1: NsUYaUTENIU. (ladbe).

D,/D,

sUn il ¢o  duussAnamsgedendennusesvasviavensuuuiuniule
(Sudden contraction)
97: NIUVAUTENIU. (0ébo).
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Pu1: nsuvaUTENU. (eeoe).
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(¥) Flanged connection

JUNNT & Yosia uazdaseviinging 9
97: NIUVAUTENIU. (0ébo).
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(M) Globe Valve

(9) Ball Vaive

as -I<l B

poppet foot Valve hinged foot Valve conventional check valve
(%) Foot Valve () Check Valve

Uil ¢ MATAcN 9
97 NIUVAUTENIU. (ndbo).
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