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Q, = Q (3.1)
99D Av, =Av, (3.2)
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ngmsayinemisnunanndn  dwfunsinauuuassiandanuiiladnlylussuy
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Tmednfindinureanising (E) luvesrdszneudag wasmuilesannmaueu (energy
due to pressure) WAIWINUANAINBIAINTEALAINNGY  (potential energy due to

elevation) wasnasuaailiiiasanasiianisiua (kinetic energy due to velocity) A4

QauNT

E = ply+z+//2g (3.4)

Wea B = wairnunsivasandasunmineasresiva (1) m

- A - ' ) : o g
pry = nasuiiesananuAuRamisuninlessasiva (W1).m

z = naanuAndsemizauivingesesivag (1) . m
v 1S
Vi2g = masussdsembouimingestaslva (W), m
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L3 ::a dl i o Lo LT -Hl L i e -; ' B d'
paddia launisoyindnasuainuiindian 1 ludwmdhden 2 luvedanan®

3.1 avléidn

A,
grade line _{

T gdeime § EEET

1 Dalum o

N 3.1 msinalurie



E,= E;+h
v? s 5
&+:]+7' = iw*+::2+,)—2+h
4 g Y ~g
o il = S
nee H, 2% g H,+z;+ 2g h (3.5)

- - o = ' v o a =
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33 msgudeanuauluvia (frctional head loss)
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Darcy-Weisbach
Lv?
h= f——— (3.6)
D2g
de h = msgoBeaanuduluve, m
¢ = winwefranBeauTasie (friction factor) iuAlifimice uazilen

Fuagiu ANITISTANYE ( relative roughness) Wax Reynold number

(Re= Dv/V)
L = ANENR793YI8, m
D = WwirAudnaniresie, m
o - | 2
v = anuduedenieluie | mis
-] o - s | 1 o -] o - [ i o ﬂ‘i’
diumsiwavdszuuvielng) fnarldauntsdmiumnmiegaufussiuluviedsil

h=rQ (3.7)
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auns (3.7) Wuannisiildduiumnisgoydeusssuluvielendy aunis Exponential
3 g 5 g _
Faduannisimunldainnismaaes (empirical equation)
i (-3 i\ - o [ 3 o l“‘. -l
anaNNsT (3.6) aswiwinegaReuseiuluvie Juegiu fLD uar v 3l
puduusiusasnsivaluvie Q) fadi wnwdn Q=Av lusunish (3.6) avle

aunTI (2.6) lusisatl

8/
h= %Q (3.8)
grn D
- = 4 [ ] - o | L.
aun1sh (3.8) uaunisiuanspnduiugsening  nsgoyiReussiuluviaiudnsinig

e usrisudsiadug uwenlleuFauinauaunis® (3.7) uay (3.8) udaazldan
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1 e
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2 0] (3.9)
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gumsh  29) unrstlaafunanisinuandianasiiaimauuifiannisinadusuii
Tunsdifinausdfiannnslvalnsemungrensiemungess h way Q  FAuwandls
auifluay uAdusausFiangniaseamataniugan

uanaNANNIT Darcy-Weisbach uay Exponential ufre€aflaunisginiuminag

aryidausefuluvieannisdudn auntshilenldiuuinfe sunis Hazen-Wiliams 9%

1071 1852
h= W @ (3.10)
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dle c.. = aUa Auaseszees Hazen-Wiliams
L = A%nugnevie; m
D = fuirAutdnaivie ;m
Q

=  SRIINTINGIUYI® | cms.

o o ;
dwFu aUa. panuesasyans Hazen-Wiliams Iuegiusiinveviouavansafuls
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3.4 uNnIARsANNIAEMIY (friction factor)
pn f vige friction factor HuldiinsneasimiAteenuilae J. Nikuradse (1933)

R nmaseafisafuaudsanureseaaniangeumivnuluteviedaemsy
qwesne M anadwidudnanaeudenseunusan € FeFendn  Arnagasy
duysnl (absolute roughness) T luurnimefrauiduaniuazduegiu  Reynold
Number ugx €/D 31 €D  HdFund PRNNT7ASLANNNE (relative roughness)
naN1TNAResTee Nikuradse Wlda¥rans W log-log daslen Reynold Number,
vD

Rea=— (3.11)
Vv

Toe¥l v Ae Anadaedeluvie D Ae idwinAudnanstemie usy v A ANNUAARY
(Kinematics viscosity) latil#iAn Reynold Number agfluunuuen uaen f ogluunuss

warlapRdrees €/D aszndne 0.000985 A9 0.0333 Wnsmsauamslun g 3.2
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2. Smooth Flow %i® hydraulically smooth azifudure98In1s ALY
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3. Transitional turbulence WRURm f ayaunuve Re uay €/D VBULIRA
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= Re (3.12)
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UANLARS A HLIREAYNURIUTUNISIMALLY Turbulent flow
-] - 1 | ; et
aviunsinauuy fully  tubulence FaAunnimesaudEanIvIURlUAIN

o L@ i i} o | o :
ysysedaindifiasenaufeliduiy Reynold number wararansamA f Gk

] (S
—_= 1.14—210;_{—] (3.13)
7 D

Ausunisivanuy Smooth flow WA f lsaaunash (2.14)

%:2105;{115‘[_?)—0‘8 (3.14)

aums? (3.14) srunsaldldiuveyndssaniifidn Re a1nndn 4000 wAEWLN
6 e i a , - D w w -l &
WanzdmiuvieGey (eneuvwdss uavviewre ufw) snaunied (3.14) ATMWNA
A f Usngagiiaesinersssunissaiutudazien Re udafimufilisnsauianns
wifn f sennldlamsedesanuman | udalfiTaesfinaasgnauninatléidn f fignsias

o

w ; = - , - <
AIUU  Blasius (1913) AqaueaNnIsIiduANUsyaNneeIaNnIsh (3.14) fraid

0316
f=*—f— (3.15)

RCG,ZS
aunisfl (3.15) WiuvieFuy (fledAn Re snansoAuwsnn  f esnunlFleemsslngd
A1 Re SANs¥MIn 4000 D 10°
d1usunsiualugag transition zone % Colebrook War White LéilWasnIg

AMIUATUINAN | A9

1 (e 935 )
e Do = 3.16)
D Red7) (
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auns (3.16) Wen f \ndiRssiuaunts (3.14) dwiuen €/D v uazlng

Beatuaunis (3.13) Awiusn Re g vallaums (3.16) anwnsoldfuanimen f

° ™ 4 - L) o @ ' - =
dufunisivauuy trbulent Wynafia suntsdmiuAwenmen f aqulldlumsed 3.2

wasananuazaInlunsAn f aInaNnIs (2.12) B9 (3.16) L.F Moody (1944) Aaldl

e O d’ | d" -l | 5
AAVUHUNINANEMAT | BWNIFENIY Moody Diagram

Al 3.2 gsUanniswian f &wdu Darcy - Weisbach Equation

Type of flow Equation Giving f Range of
Application

Laminar f = 64/Re Re < 2100

Smooth pipe f = 0.316/Re”® 4000 < Re < 10°

: 1
Smooth flow or Smooth pipe _f= 2 log(Re ‘/}T)—OS Re > 4000
Transition zone 1 ( € 93 ) Re > 4000
—=114-2log —+ J
f D Reyf
Fully turbulent Re > 4000




