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ABSTRACT

Pico hydro generator (maximum capacity of 5 kW) using a water turbine is
a device used to convert the kinetic energy contained in water to be mechanical
energy to generate electricity. In a pico-hydro power generator, the main
components of a pico-hydro power generator are water supply, reservoir, penstock
pipe, flow control valve, turbine and generator especially when it is necessary to
control the flow rate of water. The flow control valve is essential to the efficiency of
pico-hydro power generator. This article needs to study opening percentage of flow
control valve and the distance between the flow control valve and the turbine
blade, dose it effect the efficiency of the electricity generation of pico-hydro power
generator. Mathematical simulation of flow water through the Butterfly valve Ball
valve and Globe valve using the computational flow dynamic in the calculation,
Which defines the percentage of flow control valves and the distance between the
flow control valve and the turbine blade. This has resulted in efficiency of electricity
generation. This results in different power potential. It can be concluded that the
percentage of flow control valve and the distance between the flow control valve
and the turbine blade,is it effected on the electricity production efficiency of pico-

hydro power generator. The analysis of the results of the study can be summarized



as a guideline for the model of pico-hydro power plants for further testing.

Keywords :  Pico hydro generator, Flow control valve, Computation fluid dynamic
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nannN1suazNgufNng It
1. mswanliRwasln
WHIULN AoNdunIandsnuiinannisiravein dadundsiaiuisaiunly

Duussleviunuyveyldlunainvatsgluuy wasldgnldussleviuuamaisiosd

(% '
= I

Wy Aiuidhdmiuenihdugnganeldussleviluniiseuiaznisvalseniu wevyu
A o ay v cs' o ' 9
1A3093nslulsesnudda Tsanunerd lssnudeslyd wazlssnugnamnssusiie 4 ludagdu

Hesldlunswdalnih dalendy Tihndad

Il ndadn AelrfirliAnainndanudndvasdn@uinainnisuaesuiainiiguas
vsondauaatveshduinannisivavesit Ingdmdsnudnanluduinfeudeiul
(Hydro Turbine) kaziasosnidalndniendnlnd Inandsrunlaainssuundnluin

WEIMULNLTUBEAUUSUIULN ANULANA19YaITERULn Anuslunisiua Useansainues

Y

1%
[ o

AauUn hazdseansainveaniasnndalnidt Adeludwaswaaanuainwga Ui @a1u1sa

AunlAsaanns (1)

p_YQH7
1000

Ao maslnAFnenIn (kw)

o))

9 unit gravity force (9,806 N/m°)

[

Ao 9IRS aaUsuIns (m/s)

Y v

A a
AD WASITUANYENT (M)

N
2 UsEansnmsiuvesnaiutntaziasaandalun

b

IS T O T

1.1 szuulninaseuuIauInda (Pico hydropower)
syuundn i ndsnuiaundi fe seuunaaliiindsuiivuadniliiidanis
HanliAY 5 kw dagnldanuluguyuvielnanldaundsnuliiludznades iilaain

seuvandulaihlnfinnssuaadu 220V/50Hz w3e 110V/60Hz Tuatiurilnvaaaiesinuia

Il Feanansailuldauiugunsalludeia q Wl wu nsviad Ing vaealWdesadig

9



Judu drulszneundnvesssuundnnssualiiimdssutiivunis tdun unduiteu
(Water supply) viedsii1 (Penstock pipe) fawutin (Hydro turbine) indaarnuialndlaludly
(Generator) Qﬂﬂiﬂij@mLLi\‘iﬁuvLWﬁﬂ (Power Controller) NM5gn14na (Mechanical loads)
sguvaladelniln (Distribution system) wagn1sgnielndrvessyuu (Electrical loads)

(lwmsd wad wazaaug, 2008)

A Reliable weter sapply

-
e Pico-hydro
o channel]
. Forchay fank or
TN, s, power system
constant water sapplics
s
i
===
E. Lowd
controller E. Mechanical [oad
ead is ot Flow ensares 9, matze will or
least 20 sready WosdNOrking machinery
metres . Perstock pipe (108 18 voitesc
00 metres) sapplics High- e
pressave et of water
B, Turbine fypically runs #f
Weter escapes
1588 rpae 1o operate generator proilooes

& The distribation
System San connelt
To over 100 Houses
in the villaac

Energy-saving bulbs
B Electric loads wie lets power
such a3 ighrbuiby AL electricty
are conmected A4 sTBz e
ingidls Rpwses TV itz

AN 1 szuUnan NS UEIIUINI2

39N IA A Wa UYL atswde TeganulsaILuUnaanausRauadlu

fau Leaveaun (Head) 9ns1n15ave9udn way Anantdan1saantuliaawandlunised

1 (w3 wiand wawanug, 2008)

= ° a = o a 9 5 =
A15197 1 nsTwunsdaveaasasnidalniinasauiiaunis

Turbine type Head classification & Power capacity
Low (< 10m) Medium (10-50m) High (< 50m)
Impulse Tinny Crossflow Crossflow Tinny Pelton Wheels
=200W for Battery (Peltric Set) up to
charging Tinny Turgo Variation Turgo 5kW Variation Turgo
(up to 1 kW) (TkW) (7TKW)
Multi-jet Pelton Multi-jet Pelton
Reaction Francis Francis (spiral case)

Propeller (up to 1kW)
Kaplan




2. wafansvaslua (Fluid dynamic)

2.1 AMURULUY (Density)
AU A dRTdIuTEIINwIasenieYSasTnisduilansudegnuian

wng (kg /m?) Anuruniuisu@euunuiiednesnin P (89431 rho) A1unuIRiudy

USunaatnansdsannsamuinlansaunis (2) (Sens senazan, 2553)

m
p=— 2)
4

£ A9 ANUALILULYEIEIT (kg /m?)
m A9 uIaUsans (ko)

V A USunsveeans (m?)

2.2 A2uAY (Pressure, P)
AU ADSATIAIUTENINNUSINNTZYINFIRINA s AuNTnUeL Ut FuR R4

WRsUsaNNana (Pa) @a1usamuinlansaunis (3)

P Ap AuAU (N/m? %38 Pa)

A9 ws9nnseyin (N)

1% (%
Y

2 WUNAIRINAUBULILTS (M)

>
o))}

2.3 NM3IMUNILAVDIANAY
A2IUAUUTIBINTA (Atmospheric Pressure, P,i,) ABAIIUAUTLANIINUTIIINIAT
Viuaegmileganiiansandaviiuiininveseimelutuussenmanvivadegvideiui 1

ANSNNUIY AUAUUTTINNIANATUNTZAUUINZLALALYINAY 1.013 X 10 ° N/m? (Pa)



AUAULNA (Gauge Pressure, P,) 1118 AmAUAnndmdnesvesvad
YDAUNAI NIOANNAUNANINKSIRUIY Feanunsainlaangunsalinanudunsedwials
AedINTg (4)

P = psh (4)

g ANUAUNIVTEAIRIYRIBLadlasIndminvesveumad (N/m?)
p Ao ANUVUIKINYBIYENAT (kg/m”)
h A9 ANEIVIBAUANVRIVDUNAINAIVDIVBUNAT (M)

g Ap AnusResnLssluNavedlan (m/s?)

o W ¢ = o oA - o
AMUAUAUYIA (Absolute Pressure, P,p) MH1809 AIIUAULUBDIIINUINUNYBDY

YOUNAITINAUANUAUUTTEINA Feanunsaaruanlaaunis (5) wag (6)

abs = Patm + Pg (5)
Pabs :Patm +p§h (6)

2.4 u59R9R2 (Surface tension)

LLNaﬂaU%awmmm 1/11]']85@ LLi\‘iﬁl‘WEJWEJ'HJ@@@'J?J@Q?J@QL“@?I% LLNﬁ\‘iaT{JEN
GUGQLWa'JﬂgﬁﬁﬁsUu’]UﬁuaflsUa\isUaﬂLV‘a'JLLa%(;?QQ']ﬂfqﬁJLﬁu%@u‘ﬁ%a\‘il’ﬁﬁ'}ﬁ%\lﬁﬁ LL‘Nﬁ\‘iﬁ’JL‘fJu
Snsrdrmvasssfinssrhisminfuinvesvaldenuenivesiafignussnssyindviiae duin

Ausans aunsaaalaainaunis (7) Gyes eenizal, 2553)

F
Yy == (7)
(
)
Y A9 WIIRARIVRIVRLUAY (N/m)
L A9 AUENMVDILAURNIVDIVDLVAT (M)

F A9 VUINVDILLTIRIRD (N)



2.5 aAunila (Viscosity)

anuviln Ao anautivesvesivalunisiuninedeufivesingluredivady &
viheilu Tiduduiidenisiuuns (N-s /m?) usmie fie wsadeaniunigluveslva vie
Lméhumuﬂ'mﬂ?iauﬁsuaqfimqﬁLﬁﬂmaiwuaalmmfu Foanudndnlasnssiuannmaiiud
Avesvesiva wazidulfnafumnumunvesvesva vesladilarumilngaaziadeuili

nivedluanimunidag wsewilnasnsamuiulanseunis (8) (Sans eonizan, 2553)

F=6mmV (8)
il

r A Salvasingnssnauldnagau (m)

n  fe aunis (N-S /m?)

v fe muswesingusinaudilivedeu (m/s)

vasluagauad (Ideal Fluid) Sauthcsd

1) finnslyaeesdniaue (steady flow) munedis AuEiveaneyAIA o fuvie
#1499 lunslvadidinsi Tnsmuniveseynavesweslnailolarugnsing o
fuagiiunsesiesiunle

2) fimslnalnglainay (irotational flow) waneds Wefiansun a gandls q Tuves
naaglsifounmevesodvandeuiivasaniidauseugaiiu q

3) fnslnalaghifiussfuiesninanumila (non-viscous flow) vaneds laifiuss
druln 9 meluidlevesmedluainnseviviesyniavesvadiva

4) weslnalidnfiniuniiugi (incompressible flow) nunedis vaslnaiusninsag
mlnsUsuinsveavedvawdardiuliinasivaduusnalanddinunuiwiy

WLAL

2.6 AUNTVDIUUTYS

=

ANUMINEVRIANNTT Bernoulli Ao Mnliiiinaveandanuainaieuen wasnsgady

>

NA99UN ATuszuu AnuduRusveswUsvvaslaimun1elusy streamline H1u

qmﬁ" 1w 2 azuduluany aunsi (9) (Seyms @@n2E@A, 2553)



p, V. p, V.
z A=z, 2+ +h +h (9)
7y 2 y 2

Py, P, A8 AWAU 04 9071 1 Uag 2 (N/m?)

AMULILUUeedina (kg/m?)

=<
o))}
®

anslunsiva e 9af 1 waz 2 (m/s)

=
<
N
)
®

ANGY 4 AT 1 Uag 2 (m)

N
N

N
o)
®

ANUgayFeLiiaaanaLEe (m)

>
=

o))}

©

>
3

o))}

©

ANNGAYLFLTD (M)

2.7 mslnaluyio (Fluid Flow in pipe)

Reynold’s Number

Osborne Reynolds (1842-1912) lavinn1snaasaiednwinisinalaeinisuasud
faud1vadiva nukavesrUaraurinvaslnanglueaunsasudusiavl s
4:1' = 1 d" I~ Y 1 n:gljd’ [ v 4
38091 Reynolds number; Re 31 Jufluedfslsingn15ue9n15ina Audunusas

flav Reynolds anunsavulasnaunisy (10)

Re = p_\/D (10)
)7
e
Re A Reynold’s Number
) D ANUNLILLUYY voslua (kg/m°)
U Ao ANMUNTEA9at (N-s/m?)
D Ao AdURNuALgNaieNax (m)
Vv Ao mnuduadsvesasina (m/s)

AFhrALUUIIUBEU (Laminar Flow) : Re << 2,300
nslualudasuusidsuy (Transition Flow) : 2,300 >Re > 4,000

nslmauuuduvau (Turbulent Flow) : Re >> 4,000



Tunsdfvedvaluadvislaglinisluailuuuy uniform flow fsgu nslvaluae
wUsaenilu 2 dau IneszeznieaninalutgisduaeaniaaziSenin Entrance length, L. @9
arunsaaruinlaanaunis(ll) nasaindlesenaninisinaazilasuduuuy Fully

developed @anslvaluyiedl anusraglaiduiladdunusseyneauuuinisiva x)

1 L Ly 1.|"§uﬁ'1ﬁmJ'an§
| wanliuan Developed flow
yt vomdlignruniwamnaia | u =ty u:ﬂ-ﬂr__\\

A —d——e=9
5 5

= S

L — "
| UFIHAT N TUNIWITINHRD

BaanaEn
I |Entrance Langth ; Lg)

AN 2 LaRINSian1eluve

L LPVD
—=g| — (11)
D U
<@ dl' Le
Junsluauwuu Laminar ile — = 0.06(Re) (12)
[ d L ks
Junisvawuu Turbulent e —= ~ 4.4(Re)s (13)

2.8 mgayideTunislvaluvie
=] ! QEJ/ a =) v
ﬂﬂiquaaﬂﬂaiuszuuwa (head losses; higgses) YUENAIINAITFYLASAINUAY
= a | ] = & = [ .
\Heannusaduamuserinsvedvauasyie Faluaiuamydenan (major losses; hgo) 534
fuaugadefiiinainnisinaniugunsalaieg aelussuuuduaiuggyidsses (minor

losses; hmino) N3EUHNElUSEULYIRAINTAAWILAINANNTT (14)

=h +h (14)

losses major minor

n1sgayievianluszuuvia (Major losses)

msadendniinannisgaydennuduiioinusadeaniuseninvedanasiig

YioF9a1uTaAuIleaINaNNTT (15)
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2

Lv

Prr = EZ (15)
e

h maor AB AVIUGRLEEAN (M)

f Ao duUsvansanudsaniudmsunisluawuy laminar (m)

L Ao ANV (M)

D Ao L uAUgNa1Yia (m)

v A anusilunisiva (m/s)

g flo rusailosannussliugravedlan (m/s)

Tneduusgansanudenniu (friction factor, f) dvsunisivanuusiusseu (laminar

flow) aunsafudleaInaunis (16)

) aliver (16)

fuUsyansanudeaniu (friction factor, f) @nsunistuanuudutu (turbulent

1%
= o

flow) Tuw1513eas f Juiu Re waz A1 e/ D anusasuiailaannaunis (17)

&
1 2.51
D
=+ (17)
37 Rea/f

— = —2log

NG

nsmen f lagldaunsi (6.17) danueeenitionninanududouvesauns 398

1 = 1 = 1 . [ A
AFATNEUNNLINEAY  1Tann Moody Diagram fananslunIng 3
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0.1

S B RN ) e A it

H

IT

{EEERR it

oos e HH 8 ‘
NLaminar ! zone | Transition, 153 SN | B [M,
0.08 px= flow =it .—wrhs\ ~++———1—Completely turbulent regime
0.07 _ 64 — 1l 1T ] =0
+4-4 | -
0.06 -+t
0.05 fH-+
0.04 [+
{ INEEEIRN vlq
| ek 2
0.03 T2 T TR STt £
] T I T Cw =S
! rH o AR 1 3
0025 [} Seid 6
T = (e e A R A ==0002 2
~ t B
3
H L TS T T K
0.02 fHH = =z 0.001
~ ——
o ~— T o 0.0008
Tl T ~ +=H 0.0006
S o
H A N 0.0004
0015 »:'- Lo (mm HHHH— R
I |
T Riveted steel ~0.01 3 ITT1 [ ‘%::&\;* 111 ™= 0.0002
T concrete ~0.001-0.01 0.3-3 T TR TR i
HH-H- wood ~0.001 03  HHH 1= HIR 0.0001
(|| Castiron 0.00085 026 || LS [
Galvanized iron 0.0005 0.15 I Smooth pipes 0.000,05
0.01 fH+4-+- Wrought iron 0.00015 0.046 RS
+++H— Drawn tubing 0.000005 0.0015 t
0.009 411 [ 'ITF VITWWV T | T i
H+ { - { SRR 1l 4 I {
o008 LLLL [ I 1 I WA A il T I H+H 0.000.01
79 2 3 45679 2 3 4567 9 > § 3 4 567 9 2 3 4567 9 2 3 4567 9
10° 10 10° 108 107 108

Reynolds number Re

AM# 3 Moody Diagram lalun1smaduusyansanudaaniu (friction factor, f)

n1sgeyidesasluszuuria (Minor losses)

'
= L A

n1sgaydesedlussuuriefeonisgyideauduiliosainvesivaluaniuesdusenauy
HRYVDITTUUVIBOIU NLUNDDNUVDIND TBFD U990 NN 21187 wazN15UA-UnYadnan
al o‘el' o Y a a '3 1 a a0 d'
mnilgunsaivilifinauagysesvatss win lnggunsaludazeiinaziidrasiveinisaiy
a 1 1 % 1 d‘ % 1 ¥ d‘ d' d“ =
gaydelaiviiuaiusaniAanfng1 laanama 5-8 Lasan3199 2-3 FaaugaLdeses

INUAYBITLTUVAINNTAM A INENATS (18)

2
n 4
minor - ,.=1k_ (18)
2¢g
F1f)

h minor 1B ANENTDIVBITEUY (M)
k Ao ARV sandevedgunsaludazyiln
v A Anusalunisiva (m/s)

g Ao Anuslosanusdliuaisvedlan (m/s?)



Sudden expansion

Sudden contraction

v

Ny
~
D — A — |d
J_—l/’ Vena contracta
1 | 1 | 1 ] ) | 1
0.2 0.4 06 08 1.0

d
b

]
a

AN 4 LERIAT K VBINITVNEAIDE19VIUN

1.3
1.2+
— e ——

10

Fully developed inlet flow
0.8 Thin inlet boundary layer
0.6
04
0.2

1 1 1 | L | 1 | 1 | 1 1 1 | 3
0 40° 60° 80° 100° 120° 140° 160°

Total included diffuser angle 26, degrees

AN 5 LansAn k v diffuser angle
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0.8

Secondary

0.6
flow pattern

=
-~

-— D = constant

{Note  Resistance

due to bend
length must \M/
be added.) 0.08 | | | | |

Reentrant: Sharp-edged: Slightly
K=078 K =0.4-05 rounded:
K =0.2-0.25

Exit losses: K = 1.0 for all shapes of exit (reentrant,
sharp-edged, slightly, or well-rounded)

AN 7 wa@n9A1 k U89 Entrance & Exit

N

7 D

Well-rounded:
K =005

13
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A19199 2 UuAAIAT k 989 valves WUUSN 9

Resistance coefficients K = Zh—m for open valves
v /2¢
Nominal daimeter, Screwed Flanged
in 1/2 1 2 4 1 2 4 8 20
Valves (fully open):
Globe 14 8.2 6.9 5.7 13 8.5 6.0 5.8 5.5
Gate 030 0.24 0.16 0.11 0.80 0.35 0.16 0.07 0.08
Swing check 5.1 2.9 2.1 2.0 2.0 2.0 2.0 2.0 2.0
Angle 9.0 a.7 2.0 1.0 4.5 2.4 2.0 2.0 2.0

A19199 3 WAAIAT k 989 valves WUUFNN ¢ A1UarINISn-Un

Ratio K/Kgpen

Condition
Gate valva Globe valve
Open 1.0 1.0
Closed, 25% 3.0-5.0 1.5-2.0
50% 12.22 2.0-3.0
75% 70-120 60-8.0

3. FUNITNUFINYRIMITINAG
a ¢ v v My & ~ - A o
A153@s1znIsrawuuandlbila Wunistrawuudainunide aunirsnvdiunlylu
U3y Ao @Nn1IAIUABLEDY (Continuity equation) @1A15LULUAL (Momentum
equation) LagalNITNANIUY (Energy equation) lneiliguaunisaananilviegluslegieing

[

A9l AB auN1sAINUFBLLRY (BanT1e wWewu, 2550)

8( pui) i 8( pVi)
opX, 57

=0 (19)

gunslutuuAnluluaLng X

a(Uiuj)_i_a(pl'livj)__@_,_ 0 u{%],_iu[aui:l (20)

OX. 6yj OX. (”j—)(I

]
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dunstutusuluiuuny Y

o(puy;) a(wy,) :_@J{ﬂu{%yﬁu{ﬁﬂ (21)

OX; %Y, oy 0% |OX | Oy; |0y,
AUNITNENIY
ouT;) o(vT, . oT.
po, | L) AT) | 0], 2y 2
OX; oy OX | 0% | o
MeuARAeiisInAInin, t azUszanandu
i ou. 6uj
= P | (23)
b ﬂ[axj axi:l

lag u fe laminar viscosity dufmnuauadoveasdlul, T azliousglugy

§ = pull] (24)

v
1 v = Y L%

A, T Fegalins1uml fetuenesanfawuuIIasd, K —& model Tun1suian T
K — & model Nauvad Reynolds stress, agnasiuluauduiusiaduiu Mean stress

rate 1n® Eddy viscosity a¥n1uualiiinudunusiu Turbulent kinetic energy, (k) way

Dissipation rate (&) 1l Bossiness's approximation Gh)

2 ou. Ou.
t. =—=0. (pk)+u, | —+—L (25)
ij 3 ij (,0 ) t|:a 6X :|

j i
Tned u, =,0cu/<2 /& @® Turbulent Eddy Viscosity @1n15v84 Turbulent Kinetic
Energy (TKE) (k) azaglugy
o|u ok

0
—(puk)=—|—=+— |[+G— (26)
OX, (p‘ ) ax[ak 8x} e

d1n13v94 Dissipation Rate 98¢ Turbulent Kinetic Energy Ao

o ofu o] &
2 (puje)=—r| =4+ |4 E(c6-C (27)
ox. (pu2) ax,{aﬁaxj}k( #8=Corp)
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%9 G WNUAIYDY Generation Rate of Turbulent Kinetic Energy 9is#l P& Ao

Dissipation Rate Ing G aulu

ou, N % ou,

G=u,|| — —
OX; 0% )OX;

(28)

ANTBULUAEINTUATIATY § V89 Turbulent Nlnandsaruisanialaain wall

[

Function, log#iANAINNEITe9AuAIENNITANN 7MIULNTRILAD

0, =10,0,=13,C,, =14,C,, =192 and C, =0.09,

u =u +u
e t

ANSATUIUNIAINGIVDILUN
fiarsunnngusinasny agldindulonnaswindsudndvesisidsw iy

Y ¢ & = = I3 vo & a v 1Y)
waauaauviavue Jsaunsadeudugastinadl Gszens ndneustena, 2554)

P k
1 2
mgH =—mv
2
va =2¢H

v=,/2gH (29)

AAALSweIMIANAINENNTT (12) Imedl, v AeAdnusiuesn, ¢ ABAIAITNLSS
Wesanusaliuaievedlan, H ABA1IA1UE9U9UIN1TUINT INaTR U NN Y

X A v oo 1Y) < [N H
WUNKRUIBA A AYAIULIT V ﬂzlmﬂimWMisuaﬂﬂﬂilwaﬁuaﬂuﬁ

Q=Av (30)

4. N1INAHRUNEIAIVANSATINITINE
4.1 Tnau1a2 (Globe valve)
lnaunawinnumignsiieuduawesiulaguinay NUUUAMUNEg kagiu
a Aa a v I3 & ~ ) A P '
Seundadamenalnnisuen 1aussaniazianusunngaiiodnindunianisivaly

FIUBU Wzdmsunisusiiionsuaunisiva 3ainldiduadinivaudnsinisiva lae
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o
Y

sUBuUYRINAEvUULranse ¥3e Winyu (Angle globe valve) fanandlunini 8 (naslyf
yadng, 2559)

Globe valve

A 8 Tnauada (Globe valve)

4.2 yaal1aa (Ball valve)

U9a1189¥1191uMen 1MUY Ignueanzy nsilaUaldnismyuduyuiiies 90

o [

a3 wngauiunsldeudundrdmiunisns wazldmruaudnsinisiva dnisldeuegig

a v [}

wnsvanelussuuraanalnild Jeffelinnusunnasaumi wazdalaag19aiin aakansly

Al 9 (naelad vadny, 2559)

Ball valve

A 9 Upa1da (Ball valve)

4 Y

4.3 Manautniiide (Butterfly valve)

MéduTniiderinufenismuvssuiuaunay madalaldnmsnyuduyuiios
90 parn wngAUNslFudundanta-Ua Tuszuvesvarinluamnsaldamueusngnis
naudlsianunsavhaudunnasesldganiioulnauinds defireanufunanasous 1Wa-Ua

1957 wagldiunlunisinaatiosninndiviindu Awandlunmi 10 (naelyd gadni, 2559)
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Butterfly valve

[

Mudl 10 1Mé1EuTnfEe (Butterfly valve)

4.4 §uUseansvasnnan

= ¥

Mawenanagininda-Uanisluauaidianunsaldrmuaudnsinisinalame 7l

= a s 1% = a o § v o A ! ¢ = = ! !
LUB431NNISLUANAININTDLAY "i]31]NaﬂqiﬁﬂﬁqﬂﬂummﬂﬂﬁalnqajLUaElu1U YIATAINARND

dnsn1slravesvedlvarIuINdInmazsinazdardulszansuanaianusanly lnead

¢ ¥

wUszAndtfisuszyidue K, wie C, aeaunisaaluil

S.G.
K =Q,|— (31)
\4
AP
k)
S.G. A9 AUDNIWNITVRIVDN A
Q Ao dnsnsivalimbeidugnuiaiiumssedalus
AP Ao mnusunnaseundtindiaduuns
S.G.
C =Q,|— (32)
4
Ap
A
WD

S.G. A9 ANUAINNEYRRd A

Q Ao dnsnsivatindudulnassusoui

AP Ao mnusuanasaudtinedulauncanisein

Weovhnswlamthgagldanuduiussening K, wae C, Wusaaunis (33)
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C, =0.86K, (33)

NI TANEEMTUNMIAIUANBNIINTINAAITEAN B AUAUNUSTENINERTINT
Uanndues Adudszansvesndndudunss@ainami 11 azmuldinlnaundididnvae

Mnzanagldnuaudnsnisivanan (nasled vadny, 2559)

Open 100

Vahe siroke, %%

AT 11 K, uay Wesiduinsilangs Tundwiasig 9

5. ASNAEBUASIULN
5.1 wwaauwmasluil (Pelton turbine)
LwaG'Tumaﬂuﬁu‘ﬂu@mwé’émaﬂuﬁﬂimm/]Mﬁqﬁwé’qmuﬁgwmmaqmﬂ‘wagﬂ
Wasudundsusatfienuduusseinie Tnsveslvasenainiida (Nozzle) udainssnuiu
Bucket Augadsainuvasiniurianuduluauieiida (Nozzle) duraldainaiiy
Foamuvamesuuuiiequasnsiaranadumeslud fuandunind 12 thaglnaan

LaIU NI 091 UAUUINIUN DT 158N Penstock [grii@auaieanaininannsenuiu

Bucket W17108n91nHadnasdnnasIgenn



A Surge tank

sl ” " : B 1 Tailwater

ﬂ' U W g U L3 1
AN 12 izuummmmamumaﬂummmw 9

Impeller {runner )

Dischorge
Deflector
plate

(V)

(M)

AN 14 §11N8BNANNIIRANTENUNU Bucket
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a o0 v avy o ¢
fﬂi'}LﬂiqzﬁﬂqaﬂﬂlﬂﬂqﬂLWGWULWE]{LUU

NAMBIAMULSINVRIINNDUNITENU Bucket

Wy

-_|

Fra
= s < sg 1
AN 15 LALKBIAMNLIIVDIUINDUNTENY Bucket

] A9 ANUSIVaUVRY Bucket
W, A9 ANULSEUTNSNoUNTENU Bucket

A < 3 S v a '
Via AB AULIIFNYTUYBIUNBBNINNMIAANDUNIENUY Bucket

PNIAMBSVBIANIEY W, = Viu— U

L’JﬂLGIE]’%‘UEN@'J']@JL%’J‘Wﬁﬂ’i}’]ﬂﬂi%i’m Bucket

Wicos |'ff2c|:|3. fi)

il

L 3

Li"

()

a s - T o
ATNN 16 LIALRDIANULIIVDIUINAINTENU Bucket

Vv,  fe Anusivenhfiauysalveninfieenain Bucket
U fie mnudivaures Bucket

W,  fe Anasiduinsfieanain Bucket

1'% = =

alaifdlafeanudeaniuiinaees Bucket AAaLSETInS W, = W,
fnAnflafennudean uNiived Bucket ANANMLSIENTNS W, = kW, Anwea k

AkilAY 1 naumsiuududaduluaniiensirakuueasi

> F=n(v, —v,) (50

w5971 Bucket ns¥vinAuLn



F=po(v,cos BV, )

=,OQ(U—W2 cosO(—\/[a)
Z,OQ:(U—\/IO)—(W2 cosOl):l

= ,l?C)_(U—\/m)—(kVV1 cosa)]

= pol (u—v,)—{(v, —U)}cosa:l

= po —(\/,O —U)—k(\/(a —U)cosa]

= polv, —u][-1—kcosr]

=—po[v —u][1+kcos(180—6)]

=—po|v, —u][1—kcosd]
usefinszshfiu Bucket

rR=—F=po(v, —U)(1—kcosB)
Mdsitlsnmasumesiud P = Tw

T =p0r (\/m —U)(l—kcos@)

=~
5]
U = rpaw
r, P9 SAlRduUne Bucket
& < a
wo AR ALY

Preey = POU(V, =U)(1=kcos0)

a4 v o w o a = = v )
dladeamsmindsgeannszvinlaenisivwlesudeaiiisudu U wie 0

22



23

dP eor) ¢ V

— —g gl U=
du 2
“’;” =0 9214 kcos@ = 0ewes k ladwiiu 0 fafu @ =180
d

TunmsUjin @ =165 wie 1—cos@ = 1.966 uaz U~ 046V

< | v < T A v a
AU Vi, WINAUAINLIIVBIUIDBNANNMIRRN(Nozzle)

Vla = C\/ Zanet (40)
o
C, Ao duUszansnnusa
RGNGAGIIRBIT
Vla Vla °
P, = PO| == || v, === |(1—cos180°) (a1)
2 2
\/2
= pO—= (42)
2

1Y

MAWUNG B

R :,00(1—6059)(\/1 —U)U g k =1
=,DQ(1—cos,165°)(\/1 —U)u

AUNINAUTENINRA (A) Ugn (B)

PV PV
Stz =t +z, N,
ps 28 pPs 2
A%
H— hL(A—B) - p_ + 2_ (43)
g 2

AUNINAUTENINNRA (B) Augm (1)
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2 2

Y Rv

L+t =417

pPs  2¢ pPs  2¢
A

v = |2¢] =—+% (44)
pPs 28

v, flddumnudmanguinse Vi,

Ve

_:CV

Vi
A

v, =C,,[2¢] =+ (45)
pPs 29

A1Y83 C, BEtUY 0.92 < C, < 0.98 lunisnaassluriaau)jifinig C, = 0.98

N13AIIDNETT

[

A. Pereira and M. Ramos (2010) ldAnwnisinavesinsugunsaifiddyuonados
wanlAwdseuihunndn (Small hydropower) Usenausae 11danruaudnsinisia
(Flow control valves) Iagmﬁﬁ (Vortex formation) %o4n1aid11i1 (Intakes) ieufuuss
UszAnsninveandsnui Taseuidsildnam ansvaslvadugslunisduamuuulauiia
LLasﬁﬁaaquLmeﬂmLﬁaﬁﬂmﬁamiLﬂﬁlammaawwawﬁma%&hq 7 AdnaieUszAnSam
msvheesUnsainadulueiessidalnihmdsnuihauadn (Small hydropower)

ponv1e ieilu wazamy (2007) madanisdamiavamanivedlvataslunis
ponuuy Tvuuudrassmisivanvuiuviuuuy ke Tinsgiaurnnisiva waz Useansam
unanuiiuansmaniseanuuusunsiaes Wisufisusunansmagouiinisnveninade
WU 13 WRTkagdnsINIsva Wiy 1.6 m*/s Mawmdnviniu 155 kwW. Ussansaimnsiy

WU 80 % NaaNSiAINAeAAaRIRUITUE19R N1T31a99N1991U (CFD) @u150e8n1s

v
LY o

VY ! a
ponuuunaiuLladuag19

a 14 [ s

3805 a1eusTena wag 357 lssusuns (2008) MulTedlingUszasaiiie

q

¥

n1sAnwInLUULazas 1R uLUUA ST LLNNAR W v uadn ATlentan TaeLtuAuIum

AU simugandmiuniseentuulaseasisazIunTeng o vasdiieiudiseuunis
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00NLUY FufuInnIsfummsUnsatowiu uastudiudng q vasteiu 1w doamns
thudh Tagai wardedwiuih deldgunssnsudiu Sailuinisadame dwsunisdum
pavafunaransvadlva iovhnisUssdudneninnisiauresietui Ineld38ns
$raeadiaay mluavesiviudemiuih

Saenat Aszials uae $1aee Ustuudn (2011) magapdendanulussuusienily
vionsauazgunsniusznouvie 1AL Uea1dd 1A uastorenss luFeafifinauddny
msUszifluranugydesnandeasiug weliiduteyalunisoenuuuszuvdsmesiva
mAfeilldunisiiaueiinsmeaifiiszneuaudeaniunsivauardulsedninng
g devosvesinaueu-tlndou Welvariuvienswazgunsaiusznauvie léud veandn
AN wazdasansalaglsn1meaes

Tnesd wad wazmne (2008) sruuRAnlifndsutaunia (Pico hydropower
systern) vianedaszuundalaiilaglindsnuimyuieiuiidesgiuedostudalnd
(Generator) Tngrdanisuanlniingegalaitiu 5 kw. Indhilsidunszuaadu 220v/50Hz
vide 110v/60Hz Fsanunsnthlvldnufugunsallslim q W Wy naealriuasadng Ing
wazlnsviend drutsznaundnuasszuunanluimdanuthouedy 1 wiasiteu (Water
supply) nodwi (Penstock pipe) Fa¥uin (Hydro turbine) n3asfdnlniih (Generator)
gunsalmuauusssulil (Power Controller) n13en19na (Mechanical loads) seuvanyds
W1 (Distribution system) wagn1sgmslninuesseuu (Electrical loads)

ffwa Seunsna uay wasvs dudnnzna (2013) wdearudalwilmdsnudiiedns
nszualnlihlfduansgliin lussuvasifnnisasunasszduussiunagauilniiii 7
dituvdeanawuuimumsldgunsalliinluusastanm vilssuulninliedos dowa
TAnAnudemesoigUnsaiuasiaiedasiudalii suitedidunsiinmesiaussous
szuulwihmdsethuuaialrenisauauusaiuazarudlniduanselnihildaulid
ANuAsH aunafuiuiseeoninanniosiudnliin neldlulasneulnsaaessaudy
mazemduguninimuey dvihnsfnuiinsginedosidalihndsnuiinueis
Tael#35nsmuausuimanismindyaamuauaindliind idnnsodndddonszualdi
Tiuaszaomunalnanfounuudaludid ednwissduusaduuazaauilvaed
paoAa1 Kan1TlATIEin U szuU i Sanuiiifgenivause S unsadusasaud
masil Hreuitymauliiafosvesssuuliiiuazannadenisvesgunsallniliuay

wwse9n LDl Tuszuule
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[
a o a N a

1379 Junida way Iszniud Asvelluns (2012) Mddelidwuneiieiaun

UszAnsamiviniunuswuvanusadeaniulagdeininazgnesnuuulviianuvaigay

dusuindslurassvalseniuniainusinisuasinisiwauilinalnnisitda-Ualuinled

1
=< 1

aunsainulazisueendlisiuniuuuni Tnednisidsusasguuuuvesluinlag
fariuinagindnnisiaudasil Weulvanuluie Tuinsdaduiesundsuainnisiva

P P 9 a g a v @ P 9 A
dovyuluiesgluiianemuiuazasgninadivuiunmsivadienyuldegluiinmaniu

Y 9

U1 Asuiilagniinisnaaeuluwuudiassnassalsenumaneunindaunineuesiy

AaDY 0.8 LWUAS ANNANUN 0.3 nsA8lureInnaeIrarIa@ns TuNISNAasINIiuLL LAY

(v

nsnegaulsEansninvadlunnydalas vuInANAING 0.1 lASX AN 0.3 LR SSAd
ANulAY 0.15 wes WSesuiisunulunaedanssauinaundng 0.1 WS xAU81 0.3 LUAS
Igvnsmeaeufsiufinudnseuativiniu 0.28, 0.43, 0.51, 0.57, 0.60, 0.64, 0.67, 0.73
WRTADINNT MuduIINNIINAaBInUINluinvlialAdiUseAnSainaainitluineiinnss
Uszansamisiuluinvialdsligean 72 wesidudide Wisuiisuivluinviansald
UszAnSnwgeand 56 Wosidus

S.J. Williamson et al. (2011) UYL nua9n9iuiIiuIz@ulaniIgnuyI9ueLanua

11 §nsn1sina wazaudiveanuman waslin1sulssznndioanuss ludieundos
wanlringuihuueafe #nd 5 kw. efmnuasiig G]%LLmﬂﬁmmﬂﬁ’aﬁuﬁwmﬂiwmj
LLazmméfaamﬁé’mammwﬁmmﬁﬁagmWﬂsﬁu amﬁ%’aﬁ%a%mﬁ%‘miﬁ%LﬁaﬂguLwiﬂ,u
favudilifienumngaunniigadmiuisndsdmsuedestudalwimdsnuiunia
TngldmsliemeiidaUSunuarannimessUuuilufeiu 13 sUuuy

H. Zainuddin et al. (2009) 41U 38 UaTUNEAINITBDNBUULALTHAIUITEUUNITHNERN

(% '
[ o =

el masnuhvunednldihssdwandgliiuduiniegende nslvavesn

a o saa o

Tursludsewaiindsuaainddneamlunisudanssualniiniiegauseasdlunisdaiv

(%
a o [y 1 v

nauuenINLdfanssuUsEdiuudniaU e mIskare Ul wseiule o555UYA

waznisnanigluvieanndmangiaanlddmsuAanssumuunivesgnazldlunisvyuruie

Y

13 v v [ ] [y a

@nisiunasiinazduinsesnuialiirdrnsunisnaanasaulnin dadulasinisiiay

gudunstunIsiaulszuuadalnfdindsivuiniilesldiiuseurnnanaelrdutiudy

1 % dl o U ¥ dl 1 U
wvdandanunawnielnihdniumsldnuluiegende
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LK)

ASn1saiiuauie

YUABUNIFIVY

NITTeINIAnwBvENaTeaIRIUANENIINTS IMaseUsEAE A NN SHEAR LN

v
v

Ya4ATo AN I NEs U NAnUITuUR o U TALTLIATTY 4 Tunundn fadl

av o4 v [

1. Anwuideiinedesiuauile
1) Anwmguiuazaiddeiiedesiuanuide
2) AnwisnsnaaeuUsEaNSAINIa?
3) AnwiiannsveaeulsEavisssuvdnh

4) ANYITNISNAFBUUTLENTNINAIULN

2. PDNLUULASAFIU
1) 2ONLUUNISNAAD MUUATUIN AARNFINISHAR HNHNTAED198991N9 U89
NEITDILALAIUABINITVBIYU VY

2) MAUARLUSTITIUNISNARDY takA

AMUUALIAUNLAAIAT 10 LuRTUN

v v 1%
o a

- mMruaviaren1diniugudnsinisiva 3 vllafe Uszgurdulniid
(Butterfly valve) uaa11aa (Ball valve) uaglnauaian (Globe valve)
- Amuaesidudnisilinindadiuau 5 Ardedl 20 40 60 80 way 100
\Wosidud
- ﬂ"mumszsJw"mwvn"mﬂ'ﬁam(5?&:1wéammué’mmﬁimﬁﬂuﬁaﬁuﬁw
$1uau 3 Arfiszey 1D 2D uag 3D
3) ANHUUTIABINNANAAIARTUDITEUUNITLVA
I#raesnisinavesitsnuandimuaudasnisivaluduneunsnienis
af1egUnTavemdrmuausnsnisiva Tugluuudiass 307 wazvieasaduid
durngudnataifivauinndiniuaudnsinisivasasiinnuendy 3 wirves
Gurhaudnanswesmdmuaudnsnisive warlinmadeudefiduiuainetnes

MAIAUANIRTINITira Tugluuudnass 3 §5 uaznisinaeudeadinaans log
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nsivuaruIavadlawulunTinsvnamansvedlnaiednassguiuunisiva

AUNITANNAUAFNINUBULIR AN ULUUI1aDIN 1Y MUN1A1UIN

4)

A3 UUTN8D9NN5 1a95sUUMETUSHNTUABLRILADS

waransvodlualisa1uin (Computational Fluid Dynamics, CFD)

aelUswATU SOLIDWORKS Flow Simulation 22¥1n153LAS 12T UIUIASNITLA

aun1suIdes-alandsauiumsidaunisdu o Wy aun15ousnEenasnu aunis

AMNABOLTLDY Lazaunsluudn unmlunsundamlunien q Aulpeiitunou

samaluil

v

a3193UNTWeINAIMUANINIINTING Tugluuudnass 38R uazviedss

Y o

LunTldur AUgna1iuINIANEIAIUAN RTINS InauaEiALeN?

&

<

Ju 3 whvedduiiaudna1awesndImuaNsnInIsive uasiinisiweuss
NFUUILAZY18U19099189A1UANTRIINTIMa Taeldlusunsy
SOLIDWORKS

AMUAANNITAIMTUNITIATIEN WU aUN1TN1T0USNYNIE aUNITAIY
1 =~ v [ [ 2/

Aollios aun1sluuudy wazaun1swasu Wudu neluldsunsy
SOLIDWORKS Flow Simulation agvinlagn1sld Wizard Amuaguuuusiig

9 MNUULUILNTUAZENENNTTIN o I0R LuR

| a A 14 v

frvunieulaveuiun (Boundary condition) Fuduerfieadosd
ngfnssuvesadlvansyanantd aasuety o vasilaymitdesnising
dusudlgmuuudsulumunasndudesdmundeulududu (nitial
condition)

fuasULUuNMT AT maufaunislasendessdeuiie (teration)
LaENSIYUANITEIiINALRaY

nsulsTudugosuio n13 mesh Fuatu Fluid cell iy mesh dufingu
Uinuiiduvedlva Tles1uiu mesh lsisnnveteeiiuly Welldiaad
dodlilumslinnzitiosiigawiniiully uaglinanasifirrugniesg
INTIATIEVNE

LARSNINUAZAIRNY € VDINaTLE

5) negeulsyansanvesgUnsaivsayile

6) NAADUUILANDTNINVBITEUU
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3. AATITHNANITNAADY

a 6 1

1) AATILNANITENUTDITLELNNTENINNISRARAIAIUANERIINIS MUl
Aaiusieusednsninnisuanlninvesasemdnlningsnuiiawnga
2) AesizinanszvuvetUasidusinmadandimuausnsinisinase

Useansnmnisuan liinvewasaandn il nasuiivuInig
4. asunauazdininseumMsideatuanysal

S2aZLIAINITANAUIIUIVY

A157197 4 LNUMYUASEEZLaT U TALEUUINY

s ) ouil
TUADUNNTIY
1 2 3 4 5 6 7 8 9 10 1 12

%
o

fumeudi 1 Anwudseidiendestiuanuide

1.1 Anwmufuazauifeiifedeatunuide

1.2 Anw3ISnsnageulsEansn1nings

1.3 AnwEnnsveseutssavsyuuani

1.4 Anw3Ennsveaeusavsnniaiuth

Funoudt 2 senuUULATNAFDY

2.1 99NWUUNIINARDY

2.2 fuuasaudsildlunismeass

2.3 @5 19UUUTa0 I eARnMER SRS UUNNT A
2.4 a$auuudnanswesssuumealusunsuneuiines

2.5 negeulszavsnmusgunsniwsiazyiin

2.6 NAADUUTLENTNINUDITEUY

Fumaui 3 IATILIHANITNAEDY

Tunoun 4 asunauazdavisenumsideatuanysal
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suuszaadlunsaniueu

PN ! o a = = o A
ﬁUﬂi%quﬂﬂqﬂﬁqﬂﬁiﬂUﬂqﬁﬂqLUUIﬂﬁ\Tﬂ']ﬁllﬁ']?JaSL@EJ@ILLﬁﬂQ@NWWTN‘V] 5

A15199 5 SUUsELNUNITLUITe

S 519015 3781 (V)
1 in3oaanlnindsnuiaunsa 15,000
2 gunIaindinuaNgnsINIsiug 15,000
3 gunIniviowazdasiaviasng 9 10,000
4 w3t 20,000
5 ANLDNEANT 5,000
6 ﬁwqﬂmzﬁgumﬁaqé“u 9 5,000

574 WSaniluuinaiu 70,000
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U 4

NANTSIHAZIASAING

lpdnaeamsivavesisiundimuaudnsnisivaludunouusn Ae Msasnegunse

Y9392189AIWANINIINT WA Tuguuuudnass 3 4R wagvieassduniidunuaudnanainiy
YUIANFIAIUANSRIINITIanaziinuerndu 3 whveuduigudnaiwesndiniuny
dmsnsivia LLazﬁmiL%amiaﬁéfuﬁwLLagﬁwﬁwmma‘ammmé’mswmﬂwa Tuguuuudnaes
3 @

N53NADUTIAAAIANT NITAINNUATUIAVDILAMUIUNITIATIEINaAIERSUDI LA
LﬁaﬁwamgﬂLLUUmﬂwaﬁ’mmiﬁmumamwmauLﬁumﬁm%?uLLUUﬁwaaqﬁiﬂumiﬁmm Eeh

v v Y

Useauraulniide (Butterfly Valve)

NAIMIUANSNIINTTIA (Butterfly Valve) = 100 a1,
YUIAVDINDADIAU = 100 L.3.
AUAUAUAUUN = 10 WASVD9UN
3p 3D
2D | 2D
1D | 1D
: i
rzrrryrrrrrrrrrrtrrrrrrr s r I AN | /)77 77 s srsrrssrssssrrss sy ey,
’ | | | | | | \
I E T R TN 77T
/] i | _ \
I
e —
Flow

MWN 17 AMTIVBITIAIUANSAIINT VG (Butterfly valve)

NN583193UNTBIRIAIUANSATINTT NG (Butterfly valve) Tugdiuudnaes 3 4
uwagvisaduninueMLazdURAUS NI iUILIAN&EinTsWeNse AU Lag e U

YINTINIUANSAIINT VA (Butterfly valve) Tuguuuudnaes 3 6
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¥ 4 Y
o Aa

1. wuudnaes 3 HAvasuszaundulndide (Butterfly Valve) Masidudnisin

g

7187 20 Wasidud

17.1417
15.4275
13.7134
11,9992
10,285

8.57086
6.85669
5.14252
3.42834
1.71417

1]
Velocity [myfs]

208395
179886
151376
122867
94357.2
65847.7
37338.2
8828.69
-19680.8
-48190.3

-76699.8
Pressure [Pa]

AN 19 N151528ANUAUYBIUN U WFRSEeE 100 1.4, (1D)



17.511

15.7599
14,0088
12,2577
10,5066
8.75549
7.00439
5.25329
3.5022

1.7511

u}
Welocity [mfs]

2N 20 ﬂ’ﬁﬂﬁgc’\]'1EJﬂ’J’]ﬂJL%’J‘U@Q‘Lj'ﬂUﬂWWCEfﬂiSEJS 200 1.4. (2D)

219713
182375
145037
107700
70362.1
33024.4
-4313.32
-41651
-78988.7
-116326

-153664
Pressure [Pa]

AT 21 N19NTEAUANNAUVDIULUAINFRTZYE 200 1.3l (2D)

17.5
15.75
14
12,25
10.5
8.75
7
5.25
3.5
175

o
welocity [mfs]

2NN 22 ﬂﬂ’iﬂ’i%ﬁ]’1EJﬂ']WﬁJL%’J‘U@Qﬁ’]SLuﬂ’]W(;IJﬂiSEW 300 .4 (3D)
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212159
187509
162859
138209
113559
88909.5
64259.7
39609.9
14960.1
-9689.71

-34339.5
Pressure [Pa]

AT 23 N19NTEAUANUAUTDIUTUATNFRTZYE 300 1.3 (3D)

b4 4 Y
o a

2. wuudaes 3 Savesuszguraulndide (Butterfly Valve) Milasidudnisita
187 40 Wasidud

21.0874
18.9786
16.8699
14.7611
12.6524
10.5437
8.43494
6.32621
4.,21747
2.10874

u}
velocity [myfs]

AN 24 ﬂ’ﬁﬂ’i%ﬁ]’1‘c’Jﬂ'ﬂﬁJL%’J‘U@Qﬁ’ﬂUﬂWWﬁﬂi%ﬂ% 100 w.4. (1D)



234382
198924
163467
128010
92552.5
57095.3
21638
-13819.3
-49276.6
-84733.8

-120191
Pressure [Pa]

AW 25 N1SNSEANgANURUYRInluNINARSTEE 100 1.4, (1D)

20,2737
18.2463
16.2189
14.1916
12,1642
10,1368
8.10946
6.0821
4.05473
2.02737

u]
Velocity [mfs]

AN 26 N15NTEANBANUSNNTUNNFRTEEE 200 3.4, (2D)

239434
202305
165177
128048
90919.4
53790.8
16662.2
-20466.3
-57594.9
-94723.5

-131852
Pressure [Pa)

AN 27 N151528ANUAUVBIUN U WERSTEE 200 3.4, (2D)
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22.3797
20.1417
17.9038
15.6658
13.4278
11.1898
8.95188
6.71391

4.47594
223797

u}
velocity [mfs]

253819
206489
159159
111829
64499.4
17169.4
-30160.5
-77490.4
-124820
-172150

-219480
Pressure [Pa]

2 29 NMSNsEANgANUSUTRIN TN NARTTEE 300 WA, (3D)

Y v

3. wuusaes 3 fiRvesUszgihaulnide (Butterfly Valve) fillasidudnnaida
147 60 Wasidud

28.5367
25.6831
22.8294
19.9757
17.122

14.2684
11.4147
8.56102
5.70735
285367

o
welocity [mjfs]

AN 30 ﬂ"l’iﬂiz"\]’1EJﬂ']’]ﬁJL%’J‘U@Qﬁ’]IUﬂ’WW(;IJﬂi%J% 100 w.4. (1D)



341003
247909
154816
61722.1
-31371.4
-124465
-217559
-310652
-403746
-496839

-589933
Pressure [Pa]

Velocity [m/fs]

AN 32 N15NT2A8ANUTIvNNTUNNFRTEEE 200 .41, (2D)

389100
285109
181118
77126.8

-26864.2
-130855
-234846
-338837
-442828
-546819

-650810
Pressure [Pa]

AN 33 N15N528ANUAUVBIUN U WFRSTEE 200 1.4, (2D)

37



32,2317
29,0086
25,7854
22.5622
19.339

16,1159
12,8927
9.66952
6.44635
3.22317

0
welocity [mjfs]

461531
355557
249583
143608
37634.1
-68340.2
-174315
-280289
-386263
-492237

-598212
Pressure [Pa]

AN 35 N15N5LA8ANUAUVBIUNTUNINFASTeE 300 1.4, (3D)

v v Y

4. wuudnaas 3 SAvesuszgunaulndide (Butterfly Valve) filasidudnisita
187 80 Wasidud

28,5205
25.6685
22,8164
19.9644
17.1123
14,2603
11.4082
8.55615
5.7041

2.85205

u}
welocity [mfs]

AN 36 N13NTEAEANULSEIN UM NFATEE 100 1.3, (1D)

38



341306

248348

155390

62432.4
-30525.5
-123483
-216441
-309399
-402357
-495315

-588273
Pressure [Pa]

30.1042
27.0938
24,0833
21.0729
18.0625
15.0521
12,0417
9.03125
6.02083
3.01042

u}
velocity [mjfs]

388118
284274
180429
76584.2
-27260.6
-131105
-234950
-338795
-442639
-546484

-650329
Pressure [Pa)]

AN 39 N15NsEANgANUSUTRIN A NARTTEE 200 W, (2D)

39



32,2853
29.0567
25.8282
22,5997
19.3712
16.1426
12.9141
9.68558

6.45705
3.22853

u}
velocity [mfs]

460080
353593
247107
140620
341339
-72352.5
-178839
-285325
-391812
-493298

-604785
Pressure [Pa]

2H 41 NM5NSEANgANUSUTRINTuNINARTTEE 300 W, (3D)

Y v

5. wuushaes 3 fiRvesUszgihaulinide (Butterfly Valve) fillasidudnnaida
187 100 WWasidud

37.895
34,1055
30.316
26,5265
22,737
18.9475
15.158
11.3685
7.579
3.7895

u}
velocity [mfs]

2N 42 ﬂ’]’iﬂiz"\]’1EJﬂ'J’]ﬁJL%’J‘U@QﬁﬂUﬂ’WWﬁGﬁ%EJ% 100 w.4. (1D)

a0



436199
322179
208160
94139.7
-19880.1
-133900
-247920
-361939
-475959
-589979

-703999
Pressure [Pa]

AN 43 N15N5218ANUAUVBIUNTUNINEASTeE 100 1.4, (1D)

38.6452
34.7807
30.9162
27.0517
23.16871
19.3226
15.4581
11.5936
7.72905
3.86452

4’.‘\

> .-.\\“\‘\'

0
velocity [m/fs]

AN 44 N15NTEA8ANUSIeNNTuNNFRTEEE 200 .41, (2D)

520797
385652
250507
115362
-19783.6
-154929
-290074
-425219
-560365
-695510

-830655
Pressure [Pa]

AN 45 N151528ANUAUVBIUNTUNNFRSTEE 200 1.4, (2D)

41



a2

324443
241052
157661
74270.5
-9120.18
| -92510.9
-175902
-259292
-342683
-426074

-509464
Pressure [Pa]

AN 47 11515218ANUAUVDIUNTUNWFRSZEE 300 3.4, (3D)

9 mdl 18 89 amdl 47 annsaesuisldinnuduresianasanueuindiy
AududuiwesiudInuANSnsInIsiva (Butterfly valve) knulumssnutansti e
suilanaammzmnmanilesiduininlandimuausannsivediesifudnadasiag 4
wazanunsatasliansausnnsivavesnisideulmuvunyuiunelundaiuausninis
e waznszudlvanuiifienudutiugeiidulanedh

nansasadsadinmanslunssiuanmisnsuiaunisguuuumslvasesiing
Né@muaNnsInsing (Butterfly valve) Tngldlusunsuiinsgsimenamansiiinue
WesiudnisiUavesndimuandnsnisivaazinnunsseerieseninmgdiniuausgn s

nstvaiuluisiuiissegene 9 nan1sdassmamelusunsudinsieinanamansiaasy
1ilumsnan 6



a3

aunsitgluniseuin town

p_QH7
1000
il
P Ao masludrdnenin (kw)

y Ao unit gravity force (9,806 N/m?)

Q An 803 INTMALTIUIUINT (M?/s)

H AB WAUANaNS (m)

n fio UszsAnsnmsiuvesiuiuiuasedestuialifh
way

Q=Av

ﬂ. o o U U I3
A15199 6 LAAINANITAIUIUAIAINAIF NN INIINNAADUTASTUTLASUNIINAAIARN VD

NdAIUANaRIINTSIvaButterfly valve)

Wosigus SLELYY AN AIsY USun UsganSoin  Anaalu

mada  siend  geth ih mslva  veuATewdAn  Aneam
187(%) AUNIAU Hm)  Mm/s) ,Qm3/s) i, i P (kW)
D(mm) (50%)
100(1D) 6.15 1.71 0.013 0.50 0.56
20 200(2D) 7.17 1.75 0.013 0.50 0.66
300(3D) 6.55 1.75 0.013 0.50 0.52
100(1D) 6.15 2.10 0.016 0.50 0.71
40 200(2D) 8.56 2.10 0.016 0.50 0.71
300(3D) 6.93 2.23 0.017 0.50 0.66
100(1D) 6.60 8.50 0.066 0.50 3.58
60 200(2D) 7.86 9.00 0.070 0.50 4.42

300(3D) 6.44 9.60 0.075 0.50 3.76




aq

2

Wosigus JYYLHY AL AALS) Usuad ULANTN N Aaaluln

mada  swiend  geh ih mslva  veuniewdn  Aneam
183(%) Audeiu Hm)  Mm/s)  ,Qm¥s) i, 77 P, (kW)
,D(mm) (50%)
100(1D) 9.60 11.40 0.089 0.50 4.18
80 200(2D) 9.60 12.70 0.099 0.50 4.65
300(3D) 7.80 12.30 0.096 0.50 3.67
100(1D) 6.59 11.40 0.090 0.50 291
100 200(2D) 7.81 12.70 0.099 0.50 3.79
300(3d) 6.46 12.30 0.096 0.50 3.04

A15315NANITNATOUNS
HAINTIADUTIANA AR N5 INAV0IUHINIAIAIUANSATINTIVE (Butterfly

valve) Inglalusunsudimsiginnanamans (computational flow dynamic) TunisaAiuae

'
=

Faldrmuaosidudnisilinandimuansnsnislnalas iMunssez eI NaIAIuAY
gnsnsbnaduludwiuiiwanisiuiinaseussdnsnmnisuantuiy Suavirlvalamidsluiy

o P i Y o § v ¥ s 2 & a 13 @
Angnmauansaiy Mldaiuiseasuladndesidudnisiandaiuaudnsinisivauay

1%
o |

J8¥I09AIMIUANSNI NS IraiuluAviuniBvEnaseUseansa1nnsnanlii waz

o

giulaIiiesidudnisilaf 60% vesuszatnaulnidid@e (butterfly valve) Juluiingsin

Y

[
=

Tin1sndalnfingelu n1simsnginanisfinwdenaamiseaguiuwuamislunisadia

° = a Y s a A o ]
WUUTABUAIRINAR INTINEIUENTLIA R eIINSNRda URB U

Uszau1uaa11a (Ball Valve)

MAIMIUANSNIINTTIMA (Ball Valve) = 100 1.4,

YUNNVDIVIDADIAU = 100 1.4
AUAUATUAULN = 10 WAV,



OO

'I’,
OUUUUURRINN ANNRRRRRRNNRRRNRNNN

NS\

NN

Flow

%Y

Z

SUUURUUUUUUUUUUURRT ANURRRRRRRS ARRRRRRNRRARN SO
o

AN 48 NNTNIVBINFIAIUANSRIINTSLYA (Ball valve)

N1383193UNSVRINaIAIUANENTINTTivia (Ball valve) Tusuuuudnaes 3 15 uag

VieapuduniaNe kasduH AUINa A vIIANMEinTsWeNe NI LAE e UIYeN

MNAIMUANENTINSIvA (Ball valve) Tuguuuudnass 3 iR

1. wuudaed 3 fRvasuszniuaaindl (Ball Valve) fiuasidudinisitinngs 20

wWosidud

10.5984
9.53857
8.47873
7.41889
6.35905
5.29921
4,23937
3.17932
2.11968
1.05984

u}
Velocity [mjfs]

A7 49 ﬂ’ﬁﬂi%fﬂ’1EJﬂ’J’]ﬂJL%’J?J@QﬂWINﬂ’]Wﬁ@iSEJS 100 w.u. (1D)



201792
188716
175641
162565
149489
136414
123338
110262
97186.5
84110.8

71035.1
Pressure [Pa)

9.80157
8.82141
7.84126
6.8611
5.88094
4.90078
3.92063
2.94047
1.96031
0.980157

u}
velocity [mfs]

AN 51 A13nseateANIsvestlunndnsees 200 1.3 (2D)

209005

193727

178450

163173

147895

132618

117341

102064

86786.3
71509

56231.8
Pressure [Pa]

AN 52 115N528ANUAUVBIUN LA NEASEEY 200 1.4, (2D)

46



a7

9.94663
£8.95196
7.9573
6.96264
5.96798
4.97331
3.97865
2.98399
1.98933
0.994663

o
welocity [mfs]

201870
188718
175566
162414
149262
136110
122958
109806
96654.3
83502.4

70350.4
Pressure [Pa]

AT 54 11515 UANNAUTEIUTUAINIRTZYE 300 1.3l (3D)

2. wuud1aes 3 fRvesUszainuaaaa (Ball Valve) Mlasidudnisidaings 40

wWodigud

12.4402
11.1962
9.95219
8.70817
7.46414
6.22012
4.9761

3.73207
2.48805
1.24402

0
Velocity [myfs]

AN 55 ﬂﬂ’iﬂ’i%ﬁ]’1EJﬂ']WﬁJL%’J‘U@Qﬁ’]SLuﬂ’]W(;IJﬂiSEW 100 w.4. (1D)



205879
189096
172313
155531
138748
121965
105182
88399.3
71616.5
54833.7

38050.9
Pressure [Pa]

10.9426
9.84834
8.75408
7.65982
6.56556
5.4713

4.37704
3.28278
2,18852
1.09426

u]
velocity [myfs] /

205311
187264
169218
151171
133124
115078
97031.3
78984.8
60938.3
42891.7
24845.2

Pressure [Pa] /

AN 58 N1515218ANUAUVBIUN U NFRSTeE 200 3.4, (2D)

48



12,5393
11,2853
10.0314
8.77749
7.52356
6.26964
5.01571
3.76178
250785
1.25393

u]
velocity [mfs]

205790
188039
170289
152538
134788
117037
99286.9
81536.4
63786
46035.5

28285.1
Pressure [Pa)

AN 60 N15N5L8ANUAUVBIUNTUNNFASZEE 300 1.4, (3D)

a9

3. uwuudnaes 3 FAvesUsEauiuaaad (Ball Valve) Masidudniailainds 60

wWodigud

15.7299
14,1569
12,5839
11.0109
9.43796
7.86496
6.29197
4.71898
3.14599
1.57299

0
Velocity [m/s]

AN 61 N15NTEABANUSIVNNTUNNFRTEEE 100 1.4, (1D)




304579
272201
239824
207446
175068
142690
110313
77935.1
45557.4
13179.6

-19198.1
Pressure [Pa)

16.4108
14,7697
13,1286
11,4875
9.84646
8.20539
6.56431
4.92323
3.28215
1.64108

u}
welocity [mfs]

218826
194682
170538
146394
122251
98107.1
73963.3
49819.6
25675.9
1532.21

-22611.5
Pressure [Pa]

AN 64 N15N1528ANUAUVBIUNTUNNFRSTEE 200 3.4, (2D)

50



15.4213
13.8792
12,3371
10.7949
9.2528

7.71067
6.16854
4.6264

3.08427
1.54213

0
Velocity [mfs]

219679
198014
176348
154683
133017
111352
89686
68020.5
46355
24689.5

3023.94
Pressure [Pa]

2NN 66 N1SNSTALANUSUTBINTUNINARTTEE 300 W, (3D)

4. wuudnaes 3 FAvesuszauiuea (Ball Valve) fiiuasidudnisiliannga 80

Wosidud

22,6311
20,368

18.1049
15.8417
13,5786
11.3155
9.05243
6.78932
4.52621
2.26311

o
Velocity [mfs]

2NN 67 ﬂﬂ’iﬂ’i%ﬁ]’1EJﬂ']’]ﬁJL%’J‘U@Qﬁ'fLUﬂ’]W(;IJﬂiSEW 100 1.4. (1D)



283001
241022
198953
156884
114815
72745.7
30676.6
-11392.6
-53461.7
-95530.9

-137600
Pressure [Pa)

23.5737
21.2163
18.859
16.5016
14,1442
11.7869
9.42949
7.07211
4.71474
2.35737

u]
Welocity [mjfs]

202345
243620
194895
146170
97445.3
48720.2
-4.8002
-48729.8
-97454.9
-146180

-194905
Pressure [Pa)

AN 70 N15N5EA8ANUAUVBIUN LN NEASEEE 200 1.4, (2D)

52



19.779

17.8011
15.8232
13.8453
11.8674
9.88949
7.91159
5.93369
3.95579
1.9779

0
welocity [mfs]

287313
252062
216811
181560
146309
111058
75806.3
40355.1
5303.92
-20947.3

-65198.5
Pressure [Pa]

AN 72 N1515218ANUAUVDIUNTUNNFRSZEE 300 3.4, (3D)

5. wuudaas 3 TAvesuszauiuea (Ball Valve) Masidudn1silina1as 100

wWosidud

47.0375
42,3338
37.63
32,9263
28.2225
23.5188
18.815

14,1113
9.40751
4.70375

u]
welocity [mfs]

AN 73 N19N5¥AN8ANUSaN TuNINFATEEE 100 1.4, (1D)



193285
183989
174694
165398
156102
146807
137511
128216
118920
109625

100329
Pressure [Pa)

44,1083
39,6975
35.2867
30.8758
26,465

22,0542
17.6433
13.2325
8.82167
4.41083

u}
velocity [mfs]

196680
186747
176814
166881
156948
147015
137082
127149
117216
107283

97349.7
Pressure [Pa]

AN 76 NN15N5EA8ANUAUVBIUN LN NEASTEY 200 1.4, (2D)

54



55

39.8646
35.8781
31.8917
27.9052
23.9187
19.9323
15.9458
11.9594
7.97291
3.98646

0
Welocity [myfs]

196181
186480
176778
167077
157375
147674
137973
128271
118570
108868

99166.9
Pressure [Pa]

AN 78 N15N15£18ANUAUVDIUNTUNINFRSZEL 300 3.4, (3D)

INAMA 49 §9 AN 78 A1113085UEHIIAIUAUVBIUIANRAINVOULYAR Y
v Y H & 3 (Y ' v H o &
ANUAUAULIYBIEUITIAIUANSATINTTIVA (Ball valve) ’rulunisdrudateu auduil
s 2 ¢ a I3 Y = s 2 ¢ a
anaunszmgNefdudMaUandmuaudnsnsivanesiduinisdasiig o uaz
anunsatgliauisanennisinavesnisideulminvuvyuiunglundalvaudnsinisiva
o Yoo v S
waznszualvatundanutudiugaismulaiein
HANTIIRRLTIANAAAAS LU SAILIMMIITNMSLAaNN T JURUUNMTIavep1Y
MéuANdnsINIsiua (Ball valve) lngldlusunsudiaszimanamansniualosidus
nsiaveNdImIUANsnTINIsInaLaziMMUATE YL NTENINNAIAIUANER SIS Inaiuly
v o oA ! o ° v a (4 v d‘
Aaiunszezdne 9 nan1sdtaesmuinmelusinsilaszginimanansiaasulilunis

7



56

A5199 7 hananani1sALINnadllindnen1nannnaaeulnelUIWASUNIINAFIARSUD

N&IRIVANSRIINTTIE (Ball valve)

2

Wosigus JYYLHY AL AALS) Usuad YLANTNIN Aaaluldn

MIda 2RI qﬂ‘ﬁuw 1 mslva  veneSowdn  Fnenm
1182(%) Audaiy  Hm)  V(m/s) ,Q(m*/s) Tuiin, N P,(kw)
,D(mm) (50%)
100(1D) 6.45 1.65 0.013 0.50 0.41
20 200(2D) 8.85 1.96 0.015 0.50 0.65
300(3D) 8.51 1.99 0.016 0.50 0.67
100(1D) 7.30 2.48 0.019 0.50 0.68
40 200(2D) 9.89 3.28 0.026 0.50 1.26
300(3D) 8.31 3.70 0.029 0.50 1.18
100(1D) 7.95 4.70 0.037 0.50 1.44
60 200(2D) 9.90 6.56 0.051 0.50 2.47
300(3D) 9.14 7.70 0.060 0.50 2.69
100(1D) 7.42 11.80 0.092 0.50 3.35
80 200(2D) 9.94 12.70 0.099 0.50 4.82
300(3D) 8.63 12.70 0.099 0.50 4.06
100(1D) 7.15 11.30 0.089 0.50 3.12
100 200(2D) 8.27 11.70 0.092 0.50 3.73
300(3D) 7.78 12.70 0.099 0.50 3.78

N15921350INAN1TNAHIUNA
navInsaesdndamaninisivavesiriundinuaudnainisiva (Ball valve)
Tngldlusunsudiaszsiniamadans (computational flow dynamic) lun1sAnwaa Galé
MuunUosIEuAn1s U IMUANTRIINISINaLas AMNUATEBYNNSENINIINAIAIUANSAHT)
nslwadulufwiudiuanssfuiinadeussansamnisudalni Swavihlildfadlnd

f = 3

Anenmauansaiy vlvauseasuladndesidudnisilandaivaudnsinisivauay

J588I09AIMUANSRIINTraiuluAviunliBvEnaseUseansa1nnsnanlii was

iUleNM U TUANTTUAN 60% V99Upad7 (ball valve) FulUiuavinlinisuan i



57

23U NFlATIiNansAnwAnanausaauilusumdlunsaiiuuiiasaaiewin

I ndsuvuInInievinnisneasumaly

Uszpuninauanda (Globe Valve)

NAIAIUANENTINT A (Globe Valve) = 100 31.41.
YUIAVDIVIDADIATU =100 1.,
AMUAUAUAULN = 10 LAY,

MW 79 NINTNNVDINFIAIUANSNIINTIYA (Globe valve)

N3a3193UNTI0INAIMIUANSNTINTIVA (Globe valve) Tuguiuuinass 3d5 uay
vieapuduniiauILazIEURAUdNaIwYI AUIWIANAIINSITeNsB AU LAY NE U0

NAIMIUANENIINTTIvG (Globe valve) Tuguuuudnaes 3 14

1. wuudnaes 3 fRvasdszguilnaunal (Globe Valve) Miasigusinislinangs

20 WasiGud



18.9419
17.0477
15,1535
13.2593
11.3651
9.47095
7.57676
5.68257
3.78838
1.89419

u}
velocity [mys]

AT 80 N15nS¥ANEALS BN lUN T NERSYEY 100 3.4, (1D)

222299
192569
162838
133108
103377
73646.9
43916.4
14186
-15544.5
-45274.9

-75005.4
Pressure [Pa)

AN 81 N15N52A8ANUAUVBIUN WA NFASEeE 100 1.4, (1D)

16.7275
15.0548
13.382
11.7093
10.0365
8.36377
6.69101
5.01826
3.34551
1.67275

u}
Velocity [myfs]

AN 82 N15NTEA8ANUSIvNNTUNMFRTEEE 200 1.4, (2D)



220720
194954
169187
143421
117654
91887.9
66121.4
40354.9
14588.4
-11178.2

-36944.7
Pressure [Pa]

AH 83 N15NsraAngAUSUTRIN N NARTTEE 200 1.4, (2D)

15.5442
13,9898
12,4354
10.881
9.32654
7.77211
6.21769
4.66327
3.10885
1.55442

0
welocity [mfs]

AN 84 N13NTEAEANULSeI U INFATEEE 300 1.3, (3D)

219603
197865
176126
154387

132648

110909

89170.1
67431.2
45692.3
23953.4

2214.53
Pressure [Pa]

AN 85 N15N5£A8ANUAUVDIUN U NFRSZeL 300 3.4, (3D)

59



60

2. wuudaes 3 fRvasuszainlnaudnga (Globe Valve) filasidudnisitainga
40 Wasidud

16.4833
14,835
13.1867
11.5383
9.89001
8.24167
6.59334
4,945
3.29667
1.64833

u]
velocity [mfs]

2N 86 ﬂ’ﬁﬂi%f\]'1EJﬂ’J’]?JL%’J?J@QﬁﬂHﬂ’]WGTﬂiSEJS 100 u.u. (1D)

222499
191898
161296
130695
100093
69491.4
38889.8
8288.24
-22313.3
-52914.9

-83516.5
Pressure [Pa]

AN 87 N15N5EA8ANUAUVBIUN WA NEASTEE 100 1.4, (1D)



16,4515
14,8063
13.1612
11.516
9.87089
8.22574
6.58059
4.93544
3.2903
1.64515

0
velocity [mfs]

AT 88 N15nS¥ANeALS B luN T NERSYEY 200 3.4, (2D)

220739
195320
169901
144482
119064
93644.8
68226
42807.3
17388.5
-8030.28

-33449.1
Pressure [Pa]

AN 89 N15N5£A8ANUAUVBIUN WA NEASEEE 200 3.4, (2D)

14,2994
12,8694
11.4395
10.0096
8.57962
7.14968
5.71975
4.,28981
2.85987
1.42994

u}
Velocity [mfs]

27 90 n3nsEaneAISIvenilun NARsTeE 300 U.4l. (3D)

61



62

222478
197026
171575
146123
120671
95219.8
69768.1
44316.4
18864.7
-6586.98

-32038.7
Pressure [Pa]

AT 91 N1TNTEAUANUAUVDIUTUAINFATZYE 300 1.3 (3D)

3. uwuudnaes 3 ddvesuseauilnaundl (Globe Valve) filasidudnisiands
60 \Wasidud

19.5019
17.5517
15.6015
13.6513
11.7011
9.75093
7.80075
5.85056
3.90037
1.95019

u}
Velocity [mjfs]

2NN 92 ﬂ’ﬁﬂ’i%ﬁ]’1EJﬂ'JWﬁJL%’J‘UENﬁWIUﬂWW(%ﬁ%EJ% 100 w.4. (1D)



223714
193370
163026
132682
102337
71993.1
41648.8
11304.6
-19039.7
-49383.9

-79728.2
Pressure [Pa]

2 93 N1SNsEAgANUSUTRIN A NAASTEE 100 .. (1D)

17.8709
16.0838
14.2967
12.5096
10.7225
8.93546
7.14837
5.36127
3.57418
1.78709

o
velocity [m/s]

a i 94 ﬂ’ﬁﬂi%‘i}']EJﬂ’JWiJL%’J?J@QﬁWIMﬂWWﬁﬂS%EJ% 200 1.4. (2D)

224380
199516
174152
148789
123425
93061.2
72697.4
47333.7
21970
-3393.75

-28757.5
Pressure [Pa]

AN 95 N15N152A8ANUAUVBIUN U NFRSZEL 200 3.4, (2D)
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14,7958
13.3163
11.8367
10.3571
8.87751
7.39792
5.91834
4.43875
2.95917
1.47958

u}
welocity [mfs]

AN 96 N15NTZANBANUSaNNTUNNFRTEEE 300 .41, (3D)

224420

199667
174913
150160
125406
100652
75898.7
51145.1
26391.5
1637.86
-23115.8

Pressure [Pa]

2N 97 NsnsEAngANUSUTRI N NARSTeE 300 W, (3D)

wuuinaes 3 fifvasszaiilnaugl (Globe Valve) fiUasidusinsilaands

80 wWastdun



18.4653
16.6188
14.7722
12,9257
11.0792
9.23265
7.38612
5.53959
3.69306
1.84653

u}
velocity [mfs]

AN 98 N15NTANBANUSaNNTUNMFRTEEE 100 1.4, (1D)

224678
195001
165324
135647
105970
76293.7
46616.9
16940.2
-12736.6
-42413.3

-72090.1
Pressure [Pa]

15.5484
13,9936
12,4387
10.8839
9.32906
7.77422
6.21937
4.66453
3.10969
1.55484

2NN 100 ﬂ’?’iﬂ’i%ﬁ]’]&]ﬂﬁ’lmL%’)‘UENﬁﬂUﬂWWﬁGﬁ%EJ% 200 3.4 (2D)



223086
199678
176270
152861
129453
106045
82636.5
59228.2
35819.8
124115

-10996.8
Pressure [Pa)

13.7455
12.371

10.9964
9.62188
8.24733
6.87277
5.49822
4.12366
2.74911
1.37455

u]
Velocity [mjfs]

224079
199653
175228
150802
126377
101951
77525.9
53100.5
28675
4249.58

-20175.9
Pressure [Pa)

AN 103 N1SNTLI8ANUAUVDILIUNNFATEEE 300 1.4, (3D)
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5. uwuudnaes 3 fdvesuszauilnaunds (Globe Valve) Milasidudnisidanda

100 wWastdud

17.5697
15.8127
14,0557
12,2988
10.5418
8.78483
7.02787
5.2709

3.51393
1.75697

u}
Velocity [mjfs]

AN 104 N13n5¥AN8ANUSa RN TN WFRTEEE 100 1.4, (1D)

241283
210361
179438
148516
117593
86670.5
557438
24825.4
-6097.18
-37019.8

-67942.3
Pressure [Pa)

AN 105 N15N5£8ANUAUVDIU LN NFASEEE 100 1.4, (1D)



14,9968
13.4971
11,9975
10.4978
8.99209
7.49841
5.99873
4.49905
299936
1.49968

0
velocity [myfs]

222285
198996
175707
152417
129128
105839
82549.3
59260
35970.6
12681.3

-10608
Pressure [Pa]

AN 107 N15N5£8ANUAUVBIUIUNNFASEEE 200 3.4, (2D)

13.8751
12,4876
11.1001
9.71257
8.32506
6.93755
5.55004
4,16253
2.77502
1.38751

u}
Welocity [myfs]

AN 108 N13N5¥AN8ANUSIaN TUNINFRTEEE 300 1.4, (3D)

68



69

222668

198178
173689
149199
124710
100220
757305
51241
26751.4
2261.84
-22227.7

Pressure [Pa]

AMA 109 N13NTEYANUAUVDIUTUATNANTZEE 300 U.41. (3D)

- = = a P o H %

INNNT 80 T4 A1 109 au1308FUIElAINANUALYBNANAIIINVOULYARA Y

v Y %’ : (3 o 1 ¥ g (% dy

ANNAUAUNNYRIAUIRIAIUANENI NSV (Ball valve) Wulunisdudanen ausull

anaunszmaunesidudnislinndimugusnsnsivaniesidusinisiliong q uay

ausatigliarunsawennisivavasnisiaeubmsuunyuiunglundauaudnsinisiva
wagnszudlvaiunianududugaiaulaie

HaNsIReLdIAdinmanslunsAIMMITNMsLAaNnsFUkuUNMsIvavesisy

1183AUANTATINITINE (Globe valve) TngldlusunsudAsiginiananiansniivun

WesiduinalaveandinuaudnsinislnanasfnunssegRasenineIdiniuaueng

nshraduluiaiuiissegang q nan1sdnaesrmuamelusunsudnssinanamansiaasy

Aluns199 8

ﬂ. o o 2 % 6
A15199 8 LARINANITAIUIUAIFINTAIANeA1NINNAERUIALTUTLASUNINAAIANT VDY

MN&IAIUANSRIINIIIE (Globe valve)

Wosidud  szeziing ANy ANy USuad Useansam  Adsluldn

Mala  S¥UINea Qafw i mslua  veusdewdn  dnenm
2118(%) Aufein — Hm)  Mm/s) ,Qm*/s) T, P,(kw)
,D(mm) N (50%)

20 100(1D) 4.48 5.60 0.044 0.50 0.96

200(2D) 6.74 6.70 0.052 0.50 1.72
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Wosidus JYYLHY AL AULS) USuel ULANTNIN AMagbi

mada  swhend gah ih mslva  vounTesdn  Anenw
1M83(%) Audeiu Hm)  Mm/s) ,Qm%/s) vl P,(KW)
,D(mm) N (50%)
300(3D) 6.78 6.20 0.049 0.50 1.63
100(1D) a.97 6.59 0.052 0.50 1.27
40 200(2D) 6.96 8.22 0.064 0.50 2.18
300(3D) 7.11 8.50 0.067 0.50 2.33
100(1D) 7.34 7.80 0.061 0.50 2.19
60 200(2D) 7.41 8.90 0.070 0.50 2.54
300(3D) 7.74 8.90 0.070 0.50 2.65
100(1D) 7.78 7.40 0.058 0.50 2.21
80 200(2D) 8.43 7.80 0.061 0.50 252
300(3D) 7.90 8.24 0.064 0.50 2.48
100(1D) 7.82 s 0.055 0.50 2.11
100 200(2D) 8.42 7.45 0.059 0.50 243
300(3D) V2 8.32 0.065 0.50 2.46

A15739150INANITNATIUNE
mamﬂfﬁ'}aaaL%mzﬁmmam%mﬂwamaqfﬂmmﬂéfsmuqué’mﬂmiVL‘wa (Globe valve)
Tnglilusunsudinszrinianamans (computational flow dynamic) lun1sauaay 3416
MuunUosIEuAn1s A IMIUANTRIINISINa LA ANUATEBYNNSTNINIIAIAIUANSHT)
nslmafulufausiuandafuiinaseUssansnimnsuaalnii duasvinlFles&sliiin

§ @

Fnenmdiuanssiu sivltannsaaguldinvesiduinisidandaiuausninisivanas
szopisvendmnuausnsnmsivaiulufviui dvinadeussansninnsuaaliih uas
wuldihiesidusinindadl 40% veslnauanda (Globe valve) Tulufinasilsinisuan
nlfhgedu nsdeszsinanisinvidanananuisaasdusuamdlunisadrsuvudiaes

= a Y 5 a2 A o ]
Lﬂi@ﬂN@WlWﬂ?WﬁNWUU’W“UUW@%’JLW@VI’]ﬂWﬁVI@ﬁ@UWEﬂ‘U
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unN 5

AjUunauasUalauaLuY

#3UNAUINY

Mnnsnwdninavestiinuesndinuausngnisivasiuau 3 i fo 1drau
Unilidle (Butterfly valve) Upan14 (Ball valve) uas 1naua1da (Globe valve) Wosidug
nsinndamuaudasnsivaiiledidudnisiled 20 40 60 80 wag 100 Wefldud uay
svpgisEninnsinsndinuaudnsnisinatulufeiuiifiszezsing 10 20 uas 30
Imaﬁmummmqaﬁﬂ (H) 71 10 wes Ineldlusunsudasizdiniananians (computational

flow dynamic) lunsAuwans anunseasunalaciail

1. ¥lavaInaInIuANdnsINIsivg

sandaesdsadamaninislvaresivhundmuaudnsnmsivalagldlsunsy
AATIERNINAAIERS (computational flow dynamic) Tun1sAulal wuainisiaenlagaigda
muAudnINsinaviinueands (Ball valve) Tnavinliiuszansamnsudnluiivosunios
wanlai s uiueldsidsnidnenmgeitaalusuaundinauaunsnisiva 3
iladildlunsfing

Uszauraulniide (Butterfly valve) wangdunistdanuluinanla-Una Tusyuu

Y
Yoamailuansaldmuaudnsinisiva deffrennudunnaseusi 1Wa-Uales wazld
-’-&J A a g."/ 4 ! (3 a A = o v [ d‘ a v go’ N
Hunlun1sAndosnindintindy Fenunsinanldnuiuesomdnlningsauiivuneii
LU

o (9

I3 Y v [ s = % )
1981137 (Ball valve) winzaudunsldnudundidmsunms wagldniuaudns

=) [y 1

Astua dn1sldauegrawnsvatsluszuurawnaniiy 1affslnufiunnAsausi wasln

) )

Ippgeaiin Famnzaunaanagthunldnuiunisawdnlnindsnuiivuadunsgause
ilamnaalninias

Inauddl (Globe valve) 1nauszianilaziiaudunnasouguiladniniduninis

o o

1 a a A = o Y & 3 [
lwaimwlﬁa‘u mmzmmumwuwamuqmmﬂwa mmlmﬂmwmmu@mmwmﬂ'wa

Tngguuuvvaanalivianuulvanss v3e vinyy (Angle globe valve) galsdmangiunldau

AULATDINAN A INF I UEIVUIN D WNTIZANNAIUNTANSHAR INAIAF1N I
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2. wWeasiudmailavasndiniuansnsinisiva

nandaesdsadamansnsivaresirhundmuaudasnmsivalagldlsunsy
ARTIERINIeINaEns (computational flow dynamic) Tun1sAruan wuinUesidudniside
NdmuaNsnsInsivadl 80 wWedud fnavilviuszansamnsuanliinvouedonan
I mdsnuhunerldmasnihdeamgsiarludeifudnadmnduing q Atmuald
20 40 60 80 way 100 Wosiduildlunmsdn

Mndeyalumsned 6 7 uaz 8 lihluiinsgideyaseviravefidudnsdnnd

mvAugnsINTiva Audsliidnenin lagldiduwuildulnilulea (Polynomial) 34

1
Yo A

mmaaﬁ’mumﬂuamﬁlmmu

[
a

aun1svesUsegunautlngide (Butterfly valve) fid y = -0.27x* +2.38x -2.24
AUNNTVBIUDANET (Ball valve) AB y = 0.01x% +074x -0.55

#un15v09lNaua7 (Globe valve) Ao y = -0.12x% +1.06x -0.08

3. spwginesEninendnuausnmmsivadiulufeiu

nandaesdadaeansnsivarenirhundmuaudasmsivalagldlsunsy
AATIEININaAIEnS (computational flow dynamic) Tun1SATUIBL WUITLUEHIITENIN
Mémuaudnsnisivatulufsiuddiszes 20 fuaiilflszansamnisuanlniies
owdnlihmdsnuihaundaldmasnihdneamasiianlussegvinsing q Afmualy 10
2D uay 3D Mdlunsdnw

1ndoyalunisned 6 7 uaz 8 lshluimssideyaseninszozsinssyninendd
auaudnsnsinatuludsitui (0) Aufdsliiidnenm Tnsldiduuulduinaludes
(Polynomial) Feanusarunfuaunslasd

ammsmaqﬂis@ﬁwgﬂﬂﬂtﬁa (Butterfly valve) Aa y = -0.41x? +1.75x +0.82

AUNT5UBIVDAET (Ball valve) Ao y = -0.28x* +1.45x +1.95

dun15ueslnauna (Globe valve) Ao y = -0.17x% +0.83x +1.55

dalauaue

INNsAnwdvEnavesrinvesndmuauinsinisive Wesidudinisdningd?
muausnsnsinafivesiduinsln wassvusisssninshnsendinuaudnsinisive
fulufaiuh fwadeuszansnmnmsndsinfienedesdslnihmdsnuihounnds Saua

ilalamasiwidnenimiunneneiu vinlanansaluludssendldlunisindesoman i
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) s 2 = o = = - Y a I3 9 2 &
NAUUVLIAENAS 9 NiesArdadenisifentdriinvesndimuausnsnisiva lWesidud
N5 UATBINEIAIVANSNIINTING UALILELNNTENINNITANAINGIAIUANSAIINT AL
TuAsiud elileIewanlnimdsnuiivuaanan § aunsananmasinindneniwled

Uszdninmastusioly
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The Study of the Opening Percentage of Flow Control Valves
Effect on the Electricity Production Efficiency of Pico Hydro
Generator Using Computation Fluid Dynamics

Monchai Thiwaworachai '*, Natthawud Dussadee 1, Churat Thararux ' and Tanate
Chaichana

! School of Renewable Energy, Maejo University, 63 Sansai-Phrao Road, Nongharn, Sansai
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* Corresponding author, e-mail: monchaith@hotmail.com, Tel: +66922671306

Abstract: Pico hydro generator (maximum capacity of 5 kW) using a water turbine is a
device used to convert the kinetic energy contained in water into mechanical energy to
generate electricity. In a Pico hydro generator the main components of a Pico hydro
generator are water supply, reservoir, penstock pipe, flow control valve, turbine and
generator especially when it is necessary to control the flow rate of water. Flow control
valves are essential to the efficiency of Pico hydro generator. This article needs to study
opening percentage of flow control valve and the distance between the flow control valve
and the turbine blade dose it effect the efficiency of the electricity generation of Pico
hydro generator. Study of water the flow through butterfly valve using computational
flow dynamics. The conclusion is that opening the butterfly valve at 80% will have
higher power than the other openings. Functional analysis can be summarized as a guide
to create a model to test.

Keywords: Pico hydro generator, Flow control valve.

INTRODUCTION

With rising energy prices and declining energy reserves while there is a growing demand for
energy, According to the growth of the economy. Many countries have accelerated the development
of renewable energy technologies. Such as Biofuel, Biomass, Tidal power, Geothermal, Wave
power, solar energy. Wind power and Hydropower etc. Thailand is also another country with
renewable energy resources as well. The most potential renewable energy for Thailand's
development is Hydropower due to the huge resources available and the lowest production value
per unit compared with other renewable energy. Appropriate for the development of Thailand's
hydroelectric power generation technology should focus on small water sources or natural water
source to reduce opposition from the society in the development of large dams[1].

79



80

3¢

Pico hydro generator (maximum capacity of 5 kW) using a water turbine is a device useq to
convert the kinetic energy contained in water into mechanical energy to generate electricity. Ina
Pico hydro generator the main components of a Pico hydro generator are water supply, rese
penstock pipe. flow control valve, turbine and generator especially when it is necessary to contro]
the flow rate of water. Flow control valves are essential to the efficiency of Pico hydro generator,
This article needs to study opening percentage of flow control valve and the distance between the
flow control valve and the turbine blade dose it effect the efficiency of the electricity generation of
Pico hydro generator [2].[6].

I'Voir,

MATERIALS AND METHODS

A. Hydropower

Hydropower is electricity generated from the energy of water, which is caused by the release
of water from a height, or the kinetic energy of water, which is caused by the flow of water. The
energy delivered to the hydro turbine and a generator to produce electricity. The energy from hydro
power systems is dependent on the amount of water. The difference in water level Flow speed the
efficiency of the turbine and the efficiency of the generator power and energy from hydropower Can
be calculated using equation (1) [11.[6].

__ YQHn

il 1,000 M
When.
P is power potential (kW)
Yy isunit gravity force (9.806 N/m®)
O  is volumetric flow rate (m%/s)
H  ishead of water (m)
N isoverall efficiency of the turbine and generator.

B. Basic equations of the flow

This article is an analysis incompressible flow in the flow viscosity. The equations use was
the equations continuously, Momentum equations, Energy Equations the equation can be written
following [3].

Equations continuously

9lpui) | 9(pvi) _ )]
dpx; * 0yi %

Momentum equations on the axis x

O(wiuj) | dpuww; _  3p d du] , 8 %] 3
e |

ox;j 9y Ox; ax; ax; Yi' |0yj
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Momentum equations on the axis y
d(puvj . O(viv;) ap ] av; d dv;
onmy L TR - Py _u[__l]+_ i @)
xj ¥j 3y; dx; dx; ay; dyj
Energy equations
a(wiT;) | awiTy) a aT; a aT;
o [0 0] - 2 2 1) '
Plp ax; dy ax; 0x; + ay; ke 0y ©)
Average stress due to viscosity, f;; approximate
- 6ui auj
to =y |—4+—
t H- [axj + axi (6)
By u. is laminar viscosity and average of stress, £;; It is written in the form.
tij = p!:lllllj (N

Which the value, f;; unknown so it is necessary to use the model, ¥ — & model to find
the value of T;j, in k — £ model term of Reynolds Stress, will be linear relationship with Mean
Stress Rate by Eddy Viscosity will determine relationship with Turbulent Kinetic Energy, (K) and
dissipation Rate (£) by Bossiness's approximation are.

a i ou;
tij=—§5fj(pk)+ut[ - +—’] ®

an ax;

By u, = pcyk? /¢ are Turbulent Eddy Viscosity equations of Turbulent Kinetic Energy (TKE) (k)
will be in form.

aixj(pujk =2 [55+—'3i]+6—pe ©)

dxjlox  0%j

Equation of Dissipation Rate of Turbulent Kinetic Energy will be

a a |u Oy £
Py (pwe) [—e + ——] + 2 (Cer G — Cezpe) (10)

- 37[_,‘ Ok ax;j

Which G instead of Generation Rate of Turbulent Kinetic Energy while pe are Dissipation Rate by
G will be
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i du; ;
=G ) Z
The boundary value for the turbulent values near the wall can be found from the Wall Function,
with the other constant equations with the wall. The past is the following.
e = 10,0, = 1.3,c,y = 1.4, ¢, = 1.92, and ¢, =009, u,=u+u
C. Calculation of water velocity

Consider the rule of Energy conservation. It would be that when water comes down 10 the potential
energy Water changes to total kinetic energy, which can be formulated as follows: [4].

EP :Ek

1 2

mgH =5mv
v? = 2gH

v=,2gH (12)

Consider the flow of water gushing through the cross-sectional area A with speed v is the volume of
water flow. (Q)
Q:A\) (13)

RESULTS AND DISCUSSION

A. Hydrodynamic flow behavior though flow control valves

The flow was simulated through flow control valve for different valve closure positions. For
valves with actuator’s angular movement (e.g. butterfly valve) the flow was simulated for different
valve opening angles. The angle of valve opening is measured in relation to the position of _ﬁJHY
closed valve. The variation of valve head loss coefficient with valve closure position was obtained.
This variation shows the energy dissipation induced by the valve in the flow for different va!ve
opening positions. The first step was to build the butterfly valve geometry model. Two pipe
branches of equal length and diameter to the valve size were connected at upstream and downstream
of the butterfly valve geometry model. Concerning to the energy dissipation induced by Ihe,
butterfly valve. The flow through the valve results in the contraction of the liquid vein immedllatel)
upstream and downstream of the closure and therefore in the flow velocity increase in these regions:
What explains the pressure decrease from the region immediately upstream of the actuator towaf.rr
downstream. This pressure decrease resulting from butterfly valve opening. But conditions 1?
cavitation occurrence are not created. The representation of flow trajectories, allows .tae
identification of flow separation, rotational movement inside the valve and vortex with hig
turbulence intensity associated, downstream of the closure [5].
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8. Numerical simulation
Determining the size of the domain in the analysis fluid dynamics to simulate the flow
sattern, by setting the Boundary Condition for the model used in the calculation as follows:[7].

Butterfly valve size= 100 mm.
Diameter of pipe,d = 100 mm.
Upstream pressure = 10 meter of water

Distance between the flow control valve and the turbine blade. = 3d.
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Figurel. Butterfly valve opening 20% - pressure distribution in section of a butterfly valve
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Figure2.Butterfly valve opening 20% - velocity trajectories in section of a butterfly valve
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Figure5. Butterfly valve opening 60% - pressure distribution in section of a butterfly valve
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Figure6.Butterfly valve opening 60% - velocity trajectories in section of a butterfly valve
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Figure7. Butterfly valve opening 80% - pressure distribution in section of a butterfly valve
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Figure 8.Butterfly valve opening 80% - velocity trajectories in section of a butterfly valve
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Figure9. Butterfly valve opening 100% - pressure distribution in section of a butterfly valve
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Figure 10.Butterfly valve opening 100% - velocity trajectories in section of a butterfly valve

Numerical simulation results in the calculation of solutions the flow pattern of water through
butterfly valve. The results are summarized in Table 1.



Tablel. Opening percentage

ppening percentage Head of water, H | Velocity, v | Flow rate, Q | Power potential, P
(%) (m) (m/s) (m/s) (kW)
20 7.7 3.72 0.029 2.19

} 40 8.0 433 0.034 2.67

\

| 60 6.9 9.27 0.073 4.94

|

i 80 6.9 12.37 0.097 6.59

l 100 6.2 11.32 0.089 5.41

CONCLUSION

Study of water the flow through butterfly valve using computational flow dynamics. The
conclusion is that opening the butterfly valve at 80% will have higher power than the other
openings. Functional analysis can be summarized as a guide to create a model to test.
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Abstract

Pico hydro generator (maximum capacity of 5 kW) using a water turbine is a device used to convert
the kinetic energy contained in water into mechanical energy to generate electricity. In a Pico hydro generator
the main components of a Pico hydro generator are water supply, reservoir, penstock pipe, flow control valve,
turbine and generator especially when it is necessary to control the flow rate of water. Flow control valves are
essential to the efficiency of Pico hydro generator. This article needs to study opening percentage of flow contral
valve and the distance between the flow control valve and the turbine blade dose it effect the efficiency of the
electricity generation of Pico hydra generator. Mathematical simulation of flow water through the butterfly valve
using the computational flow dynamic in the calculation, Which define the distance between the flow control
valve and the turbine blades. This has resulted in efficiency of electricity generation. This results in different
power potential. It can be concluded that the distance of the flow control valve to the turbine blade influences
the efficiency of electricity production. The analysis of the results can be summarized as a guideline for the
modeling of small hydropower plants for further testing.

Keywords: Pico Hydro Generator, Flow Control Valve, Computation Fluid Dynamic
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