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l~u.l 
d 

... V ... 

Ul£U1-.3ftflYl ).nu~qufl1 

lJl111'VHJ1~ tit 'Vlfl! 'W! fl'fj'j lG)5lJ~flfl~'j~'W fl'j 

i"IU~rH~1~~G~'" ,'~·.,"r:~·-:~f
 

::. ~;.: ::' UU;nl~I.~~~:-c;.·~; ,i:~:i:n1rrHtYl'"
 

2 ... r>~" r.r:'"?19 '~I J Ii. ,J, LJJ 
~ ,'" r . ...•..•••••••••"""", , " . 

~\j'lJll::I1J!Ji . 

\~"l!Vl:j . 
" 

, ., 
... _I ... .. ~ !lI........ _I _I ~ .. _I 0
 ~I 

..:jTt·ftf..:jU'i~~1I9'U A~'i'lJ'J'U«'U'lHr1.;f'UillfH'lJU'i~tJ1WNilu'i~ AfJ'U'U u'i~ illu 2549 

tJ'tnlf1fJ1~mflflY'U1il~ 'il'UtJ..:j flil'W'i~'Ufl'i 



OJ , 

'I.J't1tl~f.l8 

, 'JJ I 1 'j/ 'JJ I 'JJ 

Ifl1 eJ~ U'j 'j ~tJ 1$ill lI:::iJ ff1'W lh:::ml1J'Vi fflflqjfieJ t1l1tJ llQ 'Vll::: fflM1U$i1l tJ lul1fl fl '\J 'Wlfl 1 
!II !II -k !II !II 

lTIff i~f1'j:::llfflTI~l 220 1J~~ 1~'W1'i1ff~tJl1Ui1~111QfltJl Glf~iJ1Glfil'WtlfJ~fltlfJl'ifl~tltJll1~6111 

, 'JJ I 'JJ 

f1WYlflfftlU Ifl1t1~U'j'jlltJl$i1l i'W'\J'Wlfl'\J1fll1~ 2 '\J'Wlfl fitl 600 GlfGlf ll~:::'\J'Wlfl 1,500 GlfGlf• 
!II • • 

U'jlf1tr:il'\J1fl'\J'Wlfl 600 GlfGlf ffllJ1'jf,)U'j'j~tJl$illl~~1'W1'W 264 '\J1fl~tli1111~ 1l~:::'\J1fl'\J'Wlfl 
" . . 

1,500 GlfGlf ffllJ1'jf,)U'j'jlltJl$illl~~1'W1'W 228 '\J1fl~tli11m (lflfJl~fifll1mf)1'jltlfltlfl~l) lflfJ• 
i~f1'j:::llfflTI~11U 13.531J1rJ~tll'W 

f1 



Abstract 

This project for drinking water filling machine was based on the concept of drinking 

water contained by villagers for their small households industry or small and medium enterprise. 

The purpose of this study was to make this machine be able to fill drinking water in 2 sizes, 600 

cc. and 1,500 cc . 

The drinking water filling machine are consisted of the main components one special 

water pump 1 phase 220 volts, 6 nozzles and 6 solenoid valves for control amount of water. 

The drinking water filling machine can fill the water rate sizes are 600 cc. and 1,500 

cc. This machine can fill 600 cc. bottles at the rate 264 bottles / hour, while 1,500 cc. bottles 

to the rate 228 bottles / hour. The cost of electricity was 13.53 bath per day. 
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, 
.os 

'U'fI'fI 2 

'jI " I 'j/ , 

U'VlU 'iJ~!rJ'U fl1'jf1rl1'".l{)~'VltP:I~ 'Vi 'iJ~'\hlJ11 ~rytmrJ'Uu'U 1'V11~ 1'Ufl1'j'ff~1~!fl1eJ~U'j'j~'I11~:IJ 
>I 

'i 0 'JJ 1'JJ. I "" <!l 1 'JJUUUll'U 1'U eJ'U ~~H.l'U1fl11 :IJ'ff1:1J1';itl'UeJ~'l1111J1'U:IJ1 'l1u'j~f1eJ1IU'U 1m1:IJflfl'V'l'U~1'U 'U fl1'j 'ff'j1~ 

!fl~eJ~1J'J'j~J1~:IJ ~~'ff1:1J1'jt)~lU'Uf1 'Vlq\:l6~"hfity "ll~rntiu LflHfl1'j'~~'Jif 
1. f11~ltlflm1:IJ 

>I 

2. '111 
>I 

3. 'V'l1:l1'ff~f1m'l~'U1f1'111 

4. 'Vlq\:l~'UeJ'Jfl1'j' '11"'1 

5. eJumw'VlNhHh• 
'JJ 

6. "'IeJ 

7. 'VieJ'V'l"'ll'ff~f1 

'i" ..
8. ~f1"'1U11"'11 

, >I
 
<!l 0
 

9. lfl'jeJ'J'ffU'U1.. 
1O. l~f1 

o d 

11. 'ff1t1'V'l1'Ul:l1l"'lm 

o 0 <V 

PI lin flY! PllUJ 

'I1:1J1t1{)~ ~ ~'\J eJ'J ff1'11 ~UU'j ~f1 eJUtl'U '111 eJ'V'l1m~ t11tl'U 

2. U'j'j'iJ• 'I1:1J1t1{)'J u'j~~ lri"'l'Jl'U'U1f1 'I11eJ lri"'l'JH1'UfI1'l1'U~'I11eJ'ffm'U~~iJfI~f1 
>I , 
o <!l 

3. 'U1f1:IJ 'I1:1J1t1{)'J 'ff1'jU'j~f1eJu~'J~eJ'Jf1U'j~f1eJUlrJ'U 1i1\PI'~ LfI'j l'iJ'UU"'l~eJeJf1~l 'iJ'U. 
>I , ~ 

lW)~'j1ri1'U 1:8 LfltI'I11'11Uf1 !jjeJu1'ff'Vl~~r;lf1\:1t1!~!rJ'U'\JeJ'Jm"'l11'ff hi• 
~ ~ f1~'U 'j'ff ~u'j~ LtI'l1u:lJ1m'lf'Ul~~:IJ ')$l'j~l;\'l'J~'J'fff1U'jf1 

. 
.cI QI QI ~ QJ 

'fIt11 : 'V'l'iJ'U1'Um:IJ llUU'j1'l1UtI!CVI~t1'ffm'U 'V'l'Vl1iflm1'l1 2542 
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" . .
O?I .1 "'1.1 '" l!ll"'l "" ., !II '1"''''' .1 0"
'Ul!u'Uffl'ju'j~m)'lJ!fl1J 'U~U'\Jtl~ Hp 'I'1fl'U!'jl 'l1~1Jf)'U m'lJ!m~C)fml1~ 'l11~u'j~~11'U 

~iitll!i1~V'UtJ11'Ul'Ulf)~!~(mi'lJmrJ'\Jtl~ 1'lf) ~~iimrJu'j~1J1'U4,600 ~l'UiJ Jl!~'Utl~f1U'j~f)tl'lJ. . . 
JJ , <JJ I JJ 

!fltlm1~'H 1J~'\J tl~iY ~ii~1~ '1.1l!tl'U ff'l'l'jfiiiu 'jlf)U~11J1'i'j'j1J'l11~'t'l~tl1Jti'U'11~ 3 'l'm'U~ ;itl 

" '\Jtl~!'H'l1 '\J tl~U~~!m~fllC)f l~rJiiml1Jffl1J1'jf;) 'l 'U f11'ji''lJU'l~cilrJ't'li:l~~l'Uml1J~tl'U'\Jtlnll vh1M' 

" 'I11ii'lJ '1'1 'lJ 1'1'1 fflritIJ1J1 f)1 'U f11'j i'm,:11 ':i~~'lJ tlW 'H fli! '\Jtl~'lJ 'j 'j tJ1 f11fl' lM'!'H1J1~ff1JU'l~ 'l'~ 1~ 1~ ~ 'j '\Jtl~ 
u • .. 

Jl1'U i'lf) ~~~~l~tln'lJ1rJl'U'lJ'I'1~tl"1lU i~rJuf)~J1'Hd~f)i'1J~fJW'H!Ji!10 0 !C)f'l!C)frJ'l ~~'j~!'HrJ 
?t 11) -: 11) !II !II !II.d!ll 11) l!ll61 d .J 0 l!ll.d !II d '" 

f)mmlJ'U ~tl'Ul ~~~tl~~~ml1J'jtl'U~1f)'l'~U1~'ltl1J~U 'l1f;)~ 629 Ufl'l'ltl'j C)f~'I'11 'H'l'~U1~'ltl1J'I'11J.. 
JJ 'I JJ JJ 

tl~'jtl'lJ "1 !~'U'l~l~ ~~ir'U~~ffl1J1'jf;)tln'lJ1rJl~11 djtln'll!'jlir~tl~lf)~"1 cil~!~'lJ'I11 'HjtlmJ'I11 

QI <jJ& d I ,d~ 
~ tl'U f)m~ 1'U 1) ~ 'j 'l'f)W'U f111 tlrJ'VW'U.. .. 

1'UiI~ ~1J''UdJl~fl'U!'jl'l'l1J1'j f;)'I11~'U1Jl 'l '*fJU iflfl'lJnflfll~~ iiU~1J1W~~lti~1Jlf) i~rJ 
': d ~ 'l i ~ ': ': d ': Id ~ d 0 l!ll1l)!II

'U1'VH'H'ltl1J1f) 'U 'If)~~!lJ'U'U 1'1'1~!'l 'U1U'\J~U'l~'Ul!'l'rJ C)f~tJ1f)'VI~~'U11J1 'l1 ~~ 

'j/ I <JJ <JJ <JJ 

1. U'Hrl~'I11~'lJ!'rltl'l111Jl~il~'I11U'j~Ul l~uri U~'I11 fl'ltl~ fll~!~'lJ'I11 !~'U~'U 

" . ~ I d & 

3. U~1J1W'I11U'j~Ul fi~tl~f11'jl,*'\Jtl~'J11J'l1'U~l~"1 ~ ~!! ~ 'l11J 'l1'U '\J 'U 1~! 'l f) ~ 'U f;) ~ 'l11J 'l1'U 

'\J'Ul~ lmuu'l~'H'Ulutl'U 
u 

'j/ I 'j/, <JJ 
0.1.1 "'I !II 'l 61 0.1 .1 '" "" 61 11) !II

4. fJWfll't'l'Ulu'j~ul ~f;)~fJWfll't'l'\Jtl~'U1u'j~ul'1'1~'l~'\J'U1J1!'t'ltlffl1J1'jtl!m ~~U'l~ 

" . 
'l'11J1 'jf;) '1'1 'j 1'lJi1~ f11'j u ~l '\JiI t1j 'H lfJWfll't'l 'I11U 'j~U lfil~l~1J1~'j !1'U 

~:",I ?I.cd ~ dlJ],jI : 
5. 'j~'lJ'lJ~ 'l~'U1u'j ~U 1 !u'U 'j ~'lJ'lJ 'I'1!Wf)~~ f)tl'UU'l~'l'l 'j!~tlU'U 'VI ~1J~ tl~ f11'j tltlf) ~ If)'U1 

" .
~ml1 'lM'I~'I11U'j~Ul'Yi'l 'l''l'~m~~l1J1JllP1'jiil'U'l'lf)'l 

dO 

<JJ l' <JJ JJ 

6. 'j~'lJ'lJ~lrJ'I11U'j~Ul !~'U 'j~'lJ'lJYim~ 'l ,*!fljtl~'l''lJ'I11~lrJ'Hjtl'Htltr~'l'~~lrJ'I11U'j~Ul1U .. .. 
" " lP111J'J11J'l1'U~1~ "1 ~~u~h ~~illP1'111U'j~UlIU~'Uf)~mfll'j,j'1'U!jtl'U~1~ "1 

I I 'II I " 

'l'U'\Jw~fi'\Jtl~ I 'H'ltl~i1~ l~iiUH!iltl'U!f1~~'U'l'U'\Jtl~ 1'H'l u~djtl'\Jtl~l'Hmfl~tl'UYi ~~ii..
" . . 

u H!iltl'U!f1~~'U!i1tl~~lf)ml1J'H'W U'l~f11'jI'H 'lU'lJ'lJil'UU1'U V'U!~'U~'l1111M'!f1~~ (Turbulent) 

ml1J!ffrJ~'VI1'U~tlf11'j !fl~tl'U~ i1t1j'Hlff1'U1Jlf) 'l'U'VI1~Ui11J'~i1tl11'\Jtl~ 1M 'l!~'U'\Jtl~ 1'H'lfJ~1Jfl~ 
"'I ='t 11) d1l)'''' '" .J 11) !II l!ll",.,?t "" 

(Ideal fluid) fltl!lJ'U'\Jtl~ l'H'l'l'1 ~1J1Jf11'j!'l'rJ~'VI1'U C)f~ ~~~'ltltlf)1J1 f)mflrJ~f)'lJml1J!lJ'U~'j~ 
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'VH:l ff1J fl1) flU l;j 'U ~ tlmJ i'unU i U 'VI1~ tJau~~ 1U ~1U 'VI1~iff1m )1J'll tl~ 1ml tJ) ~ ntlU1 tJ~1tl 

tl'4.f11fl'lltl~'lltl~1"Hl ( Fluid Particles) ~lU1U1J1niuVlff'VIH~'lltl~1"HHfl~tlU~ tl'4.f11flI9iH "l 

m~lif1li1~lfl~tlU~'llU 1U nu1 tJ\91~tl~ lll9ilfl~tlU~ 1tJtl~Hflff)~ i UVlff'VIH m11J1~1'lltl~tl'4.f11fl 

I;jUtJ11J 1\91) 11f1l\91tl{ ~~~'llU l~ll~~Vlff'Vl1~~~ltJ~tlUlltJ~~ 1 tJ\91~tl~l1m ~lmf1l~U 1 tJ\9111Jf11) 

Ifl~tlU~'lltl~tl'4.f11fll'l~ltl "l tl'4.f11fll~tlf11)~lf1l~U 1~~ff1J~ffnUVlff'VIHf11)lfl~tlu~iui1'llW~ 
!J/ i!J/ dliJ!J/J'", 1 i ~ 1iJ.1'" ~ !J/ i!J/ "'''' 

'lltl~l'Imtl"ltl'4.f11fllffUIfl~'VII~UI)tlm1 streamline ll~~ l~tl'VI111J1Jf1llJUlffU lfl~ 3 1J\91 (Three 

Dimention) l~tl~'Olnfl111Jl~1'lltl~tl'4.f11fl~~~ "l UU streamlinei~ ~Vlff'Vl1~ff1J~ffnU 
., . , 

Q,I QI lrJ .di 11) 1..:::l .4:!I.d 'jI

streamline ~~UUtlU.f11fl'lltl~ m~'O~ 11J1Jf11)lfl~tlU'VI'll11J streamline• 

r 

3tJ~ 2.1 Uff~~f11)1l'1~'lltl~'lltl~1l'1~ 
ci ~ tI 1 
'fI'll1 : TIJ~tl '4t1Jtl1i )fJ~ : 2529 : u. 10. 

~ 'jI ~ tldi .:9.d 111 0 .c:l~.c:l.d i 
l1Jtl\91 tl~ f11) 1lfl) 1~ l'I f:l~ f11) Ifl~tlU 'VI'll tl~'ll tl~ ll'l ~ '0 lU1U1J1 n tll'01J11if11) 'VI ff~~1n U f11) 

oC:\ tI ~ ~ .c9.cd 11) ':.cd 'jI d ~ 'jIQ,I Q,I 

1lfl)1~l'I fltl nWVl'Ol)W1f11)lfl~tlU'VI'lltl~'lltl~ m~UU'VlU'VIl'IU1\91~l~n "l ( C)$~fl~ltlnUf11) 

'" '" i '" !J/ !J/ !J/.II'Vl'01)W1 Element lftn "l U1GJfl Strength of materials) m~lf1lffU~lUl'Jn"l~~UUlffU)tlU~1J 

':.cd 'jI Q,I d ~ 'jI 0 i 'jI ~ 'jI .cd oC:\ J'~ 
'VlU'VIl'IU1\91~l~n"lUll~1'O~'Vl1 mn~ Stream Tube lffU'VIlf1~)tlU "l Stream Tube Ufltl Stream 

line 

1. tJ~~ 1.fl'fl"8~fl1'j''ti~
 

f11) 1 l'I~'lltl~'lltl~ 1 l'I ~llt.i~tltlf1l;ju 2 tJ)~lfl'VI f1tl
 

1.1 f11)1l'1~llUU~Uihu (Turbulent Flow) l;jUf11)1l'1~~tlU.f11fl'lltl~'lltl~1l'1~• 
lfl~tlU~tl~l~ 1lil;jU)~ltitlU ~~l11l'lU~ 1lill'l1UtlU lrltllmtlUI';;tlUnUtl'4.f11fl~U "l uumh~'~ 

'lltl~f11)1l'1~i~ "l 

1.2 f11)1l'1~llUU)lUI~tlU (Laminar Flow) lilUf11)1l'1~~tl'4.f11fl'lltl~'lltl~1l'1~ 
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lfl~fl'I,.!~fl~l~t~'U ';i~tUtJU ~1'11H '11'11 ~ Htl'U fl'U lrtmU~ tJUll1tJUtlUfltPllflg'U "l U'U'I1 "rll'lfl'\Jfl~tll';i 
., , , 

I'll ft 'fl"l 'U fln'illnijml'1iT~~flll1lfitJ1tlUtll';i 1 'I1ft'\Jfl~'\Jfl~ I'll ftfln ~fl 

1.2.1 Unifonn Flow l~'Utll';i 1 '11 ft~~'\J'UlflHft~l1fl''Yll~'\Jfl~ml1H~1'\JtI~'\JtI~ 1 '11ft 

~~ltyhti'U 'VJn "l 'I1"rll'lfl'\JtI-:Jtll';i1 '11ft 1'l1fl~1~l'lf'U tll';i I'll ftHl'U 'Vitl~'\J'Ulfllff'U~h~'U6nm~rvhti'U 

I'IfttlflU'tl'1 'il~l~'Utll';i1'11ftuUU Unifonn Flow lff1.Jfl1~11'il~t~'U Steady 'I1~t1 Unifonn Flow 

1.2.2 Non - Unifonn Flow l~'Utll';i1'Vift~~ml1.H~1 fl111J1'l'U tU~tJ'UHUft~1u 
!jI '" lIJ 

'VJn"l'Vi'Ull'1fl'\JtI~'\Jfl~ mft 

?t <k c:j • 
1.2.3 Steady Flow llJ'Utll';i 1 'Vift9l~ml1Jl';i1'\JtI~'\JtI~ 1 'Vimu~tJ'UUUft~ 1 Ul'll1J 

nmH1ifl1'illu~tJ'UUUft~1${lJn "l mrll'lfl'\JtI~tll';i 1'Vi ft 1'l1t1dl~l'lf'U tll';i 1'Vi ftHl'U'Vi fll~ tJ1 l~'U~'U 

t1t1!Yil t 'U'Yl1~ufi'lJ'~'\JtI~~l'U lfl'1m';i1Jri1'U1J1m~'Utlt1!Yill~tJ1tiu Steady Flow 
?t <k c:j , 

1.2.4 Non - Steady Flow llJ'Utll';i1'Vift9l~ml1Jl';i1'\JtI~'\JtI~1'Vimu~tJ'UUUM1u 

, ., , 

{)1'I';iltll';i1 '11ft ( Flow Rate ) '\Jfl~'\JtI~ 1'Vi ft ~t1U~1J1I'1';i'\JtI~'\Jfl~ 1'Vi ftl1 1 'Vi ftHl'U~'Ul1'Vi"rll'lfl 

~nl'Vi'Ufl' 'U 'Vi~~'I1tl1m 1m 'Vi'll 1tJ'\JtI~{)I'I';iltll';i 1 'Vi ft;~t~'U'Vi tl1tJ'\JtI~U~1J1I'1';i1itl'Vi~~'Vi '11 1tJ'\Jfl~ 
., 

nmu'U~t1 ~n1J1fl'tlt1JI'I';i1ie:Jl'U1l1 (m3/s) Uft~t<Nd't1!~n1JWH'Yl'Ufll'l';iltll';i1'Vift11 Q 

fl111Jl~1m~tJ ( Mean Velocity) U'U'Vi"rll'lfl~nl'Vi'Ufl~fl ~1{)I'I';il1m'l'.f'U~m!ll'lflYil';i 
!jI J.d '" !jI'!jI c:j?t '" lIJ ?t J.d '" .t!jI t:i !jI '" 
fl1tJ'V'l'U'Yl'Vi'Ull'1fl m 'Vi V lU'Ufl111Jt';i1 Q llJ'Utll'I';iltll';i mft Uft~ A tlJ'U'V'l'U'Yl'Vi'Ull'1flfl~'U'U 

Q (2 - 1 ) V 
A 

3. ihir~''Um1''"''
 

nl~~tll';i 1'11ftYil1${lfltJtll';iflW Total Head
.. 

., ., 
'V'l~~~1'U / tJl'ViUn x tJl'ViUn / nftl 

(2 - 2) 

YQH (2-3 ) 
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dJ <!! 

IlJfl w flfl n1~.:j l'U f11'j i l'IfI m.bm~'U W 
p .. 

<!! y flfl U1WWfl~1!'V'l1~'lJfl.:j'lJfl.:j i l'IfI m.bm~'U N/m 3 

<!! 3 
Q flfl V\P1'j 1f11 'j i l'I fI m.bm~'U m / s 

<!! ~,H flfl Total head l'I'U1m 'U m 
.. 

4. l'Il1tJ~U'U8,:nh ... .. 
m1lJ~'U'lJ fl.:ju11 mim_h~'1J1l'1 ~flfl'U G'] ~11~'U ~m~ I'rltJ.:j'V'lmY1l'1i'lJU~fl~ltJ'I!'U' 1J\P11lJ~~ . .. 

\Pi1.:jG']fi1tJ1 'Ufllfl1'j ll\Pi~fl.:j Uhj1M'~fl11lJ~'U (UH~'U) li~.:j!n'U i1J${1tJ ~.:j'l!'Uf11'imlJfJlJm1lJ~'U 

:' 'I '3/ 0 '" 1 3/lrj 3/ '" d d 0$ lrj 3/ 1

'lJfl.:j'U1 ~'U'Vlfl\P1fl.:jfl1'U1WflflflUlJlJ llfl~'V'lm'jW-1 l'I 1~'j~~lJ'VlmlJ1~fI'lJ'Vlff~ ~~m'U ~~11f11'j 
q 

o lo~3/ 3/ 0' lrj dl,,,,3/.!lrj3/,,,
fI1'U1W flflflUlJlJ'Vlfl~l!U'U\P1 fl.:j'Vl'i1lJm1lJ'i'Vl1.:jflflr't1ff\P1 'j'lJfl.:j mfl G)f.:j 'Ul'I1'lJfl'U ~~ ~~fl1i1J1tJ . .. . OJ 

!ntJ1nlJm1lJ~'UU1 fl~l.:j~lm~fl 1M'1;J11 ~i~l ~'U 
.. .. 

fl11lJ~'U 'Ufl.:jU ll'11fliJtJlJ!~tJfll1ll 'i .:j~'U'lJfl.:ju11 'U~'V'll"fi1£J1V.:jflq~!~tJfll1 Pressure u\Pi 

o QI' cJ'.c::t 0 ~ .& ~ 0 e!.c::t .d, (V 9J Q.I .c=! 0 Q.I rI ~ 
~~'V'llJfI1r't'V'l'Vl flflfl1f1 fl Head G)f.:jm fffl.:jfl1'U lJm1lJl'IlJ1 tJ'VlU\P1fl\P11.:j fl'U 1J1.:j llfl~ tJ.:jlJfI1r't'V'l'Vl fl'U G'] 

'" d", 13/'" lrj3/ I ~ 3/
flfl'Vl'UtJlJ 'lffl'UlJ1fl ~~ llfl Gravity Head, Pressure Head, Suction Lift ,Friction Head !U'U\P1'U 

.. 
\Pifl'1Ju ~~'lJflfli1J1ml1\Pi1.:j"l;J1.:jlJ'U l~tJlltJf1l~'Ui 1;Jfl 

iI iI I iI I 

Head m1lJ~'U'lJfl.:jU11'U'i~lJlJ\Pi1.:jG'] !GJf'U 'ViflU1li~fl11lJ~'U 5.:jU1li~m1lJ~'U ciJflciJ l~tJ 
iI iI I , 

I $Illff~.:j 'lJ'U 1~'lJ fl.:jfl11lJ ~'U 'U fl.:jU -I 1'U 'j ~lJlJ !~'U m1lJ ff.:j'lJ fl.:jU1 lil~ mfllOl1ll'11 'Il.:jli ~fl.:jf11 'j'Vl 'j llJ 
OJ .. .. 

m1lJ~'U l~tJiJtJlJ 1~l'I'Il1tJU ff~.:jfl11lJ~'U!~'Um1lJff .:j!lJ\P1'i'lJfl.:jU1 l'I~ fl't·J\P1'lJfl.:jtJ1 
.. q 

L...- ~_....._ ....,. _ 

, .. .. 
~t1n 2.2 !!ff~.:j'lJ'U1~'lJfl.:jm1lJ~'U'lJfl.:jtJ11'U'j~lJlJ!~'Um1lJ~ .:j'lJfl.:jtJ1 

.e:t C\ rI ,. 

't1tJ1 : 1\JM '4't\!tJ1i l'jfJfI : 2529 : 'U. 15. 
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'" . 
I'Yllntl 0.1 illClfli'lJ ~fl IPll.CJflJ. 'il~'t11'11'li~1 Gravity Head !fllntl 1 !lJ~'j !'W'jl~l1~ir'U!ijfl'11' 

fll1lJ~'U!~'U 1 filClfli'lJ ~fl ~'j.CJflJ. 'il~'t11'11'li~1 Gravity Head I'Yllntl 10 !lJ~'j UCl~!rlfl 
rjJ Q,I::'I rI , ~ 0 i/.ct I Q,I1

''l1fll1lJ~'U!tl'U I1Jfl'U~ ~fl m.'Ul 'il~'Yl1''l1lJfl1 Gravity Head !fIlfltl2.3 ~~ 
'" . '" 

Suction Lift mllJ'l1lJlt1'l1fl'l Suction Lift 'il~'1,*ntlfl1n\'tl'ul1~mfl~fl'lfftlUl1~t1li~1.. .. 
'Q,I QI ~. a :0 :J I d: 

!'Yllfltl Gravity Head tllflfltl Friction Head fflJlJ~11!fl'jfl'l~tl'U l'Yllfl1'j~tl'U 1'l1'U 'illfltlfltfltl'U1 
, j/ 'JI 'JI 'J/ 'J/ 

l~mfl~fl'lfftlU l~~~'lfl~l'l1 i1 fl~bu 1 5 !lJ~'j , 'UflUfftlU 1~'U hlCl~llJ't1fl't11'111'!il~fl1'jfftu!fftl 
<u cu cu cu r.J
 

I 'j/ 'JI I
 

!i1fl'l 'illmil~uHlfftl~'Yl1'U~'U'j~'tdl'lU lntl~bfl1t1''U1'iflYiiAtllJ!~t1fl11 Friction Head li~ 11't11ntl 

'" . '" 
0.80 IlJ~'j 't1-I'11'li~l Suction Lift 1't11ntl 5.8 IlJ~'j ~'lir'Ufl1'jI~flfl'll'Ul~'lIfl'llfl~fl'l~tlUlfll'jli 

., I 'JI 
'lI'Ul~mllJ~'UfltlN'Ufltl 5.8 !lJ~'j 

20 lllfl'l 

mlll~U'UMtllmR 

fllfJ1UO-ilii 2 flfl.lCV1l
2 

GRAVITY HAEAD 

~",,*,,~~I--tiItlWITY 

HAEAD 

SUCTION + FRICTION + GRAVITY 

HAEAD HEAD HEAD 

HEADt
 

. 
ct "" <I "i'tun: l\jCltl 'lJtytl1i ~'jfJCl : 2529: 'U.16. 
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Friction Head 
~ ~ 

';i~,'rh:nl1nlJ~hmv1'\.nieJ Yh1~m1:lJ~'U'I11eJt!';i.:.l~'UtJ1mv1'U'VimwHl.:.l~1V'\J'U1~ul'hnlJFriction 
" I j} " ~ ~ .ci el 

Head ~eJ 1uiHieJ ih)~vihl11'11f111:lJ~'U'\JeJ.:.l'\.hf11v1'U'Viml~Hl.:.l !'UeJ.:.l1J1fHf1f1U'i .:.l!~Vfl'Vl1'U'\J'U 
~ 

';i~'I1i1.:.lU 1nlJ~hmv1 'U 'VieJ 

j}, cI , 

4.1 '\J'U1f1rff'U H1f1'UVf1'l1.:.l'\JeJ.:.l'VleJ.. 
4.2 m1:lJV11'\JeJ.:.l'VieJ 

4.3 m1:lJ!jvlJ'\JeJ.:.l~hf11V1'U'VieJ 

o 3/1 ell 
4.4 1'I1'U 1'U'\JeJ.:.l'\JeJfleJU'l~11'l1f11.:.l"l 

~ 

4.5 U1:lJ1WU11'l1'lmv1'U'VieJ 

Q.J' Q.J' c! Q.J'

5. f11UJ~,.uTll\l~Qm"'~f11UJ~'UUHI 

~ 

f11';ilf1f111:lJ~'U'\JeJ.:.l';i~lJlJ'VieJm1'l1f1 1~11.:.lm1:lJ~'U1:Y:lJ\l';iW 'I11eJm1:lJ~'U!f11'1~1~ U~f111:lJ 
, 1 'iI " 

fl'U!f11'11'1~!~'UViiJv:lJ 1'*n'U :lJ1f1f1i1'\JeJ.:.l1 '11 'lVi!~'U't'l1f1'\JeJ.:.l!'l1'l1 !'l1'U U1 U1~'U !~'U 1P1''U U'l~ri1f111:lJ 

~'U a':lJ\l';iW1'I~iJV:lJ 1,*ff1'11flJ'\JeJ.:.ll'I1'l~!~'U't'l1f1fl1C)f~1.:.l "l m1:lJa':lJ~'U£'\JeJ.:.lri1a':lJ\l';iW nlJri1 

f111:lJ~'U!f11l1l~U~f1.:.l 1 ~1 'U ~:lJm';i 

(2-4) 

lf1v~11u 

f111:lJ~'UlJ';i';i V1mf1Uf1~ 1.01325 

10.33 

29.92 

1J1{ = 101.325 
~ 

!:lJfI';i'\JeJ.:.lU1 
~ 

U1'\JeJ.:.lU';ieJ'Vl 

fll'lU1~fI1'l (kPa) 

760 :lJ:lJ.'\JeJ.:.lU';ieJ'Vl 
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6. i111fll'.i'Uf)'ifll'.i'ti't1 

l1illf1~ l~Mtl1~' tI[1'lJf)~'lJ~N' tI[1ffl1J1~tl'U l'1Jllf1ihytl1 t 'U 'YlN1JBU~'lJf)~tl1~' tI [1'lJ f)~ 

mJfln'lJf)~tl1~l'lm'Uf)~ ( Equation of Continuity ) tI[1flfln'lJf)~ffllfln'Uf1f) 111[1 

" " 
'lJf)~'tI[11~HJl'ilvn~Ul'tI[1hJ'tif)1J~~1Jlt'U~1~~~1J1t1Ul fflltl1~'lJf)~'lJf)~'tI[1iif)~ 3 mJtl1~ 

. 
Vi 

o Q,I & ~ ~ rI b] Q.I d 
fflf1UJ1J1fl CJS~I1J'U~'U1l1'U'Yll~fl[1fflffl'l~'lJf)~ !tI[1I'l~'U 

u .. 

" I ,a QI.d..c!t 

6.1 

, tlm~11'tilti1J1l1[1~' tI[1f)f)fl~~fflltl1~ 

(2 - 5)
 

r-:-' ,	 ~ -------------__ 12 
Al . ---"') .c.~ 
---t .J) .•~ v, __~--- "~ 

O	 -- >i	 ....__--- u~ 

--- ,--_.'------- ------~ 

"	 . . 
6.2 fflltl1~tll~~~l'U tI~fltl1~'lJf)~ffllflWW $if) ~~~~l'Ufln 'tI[1'lJf)~'lJf)~ 'tI[1Vif1~Vi 

':Jiifln 1~1l~'Utl1f)[1I'l[1~Il~m1l11J~tI'Ufi1~~~~ l'U 11 lfl fffi l~tliJ~' 1J1~'U~flffm~tliJ~ 1'lf'U 11J~tI'U 

'illfl~ ~~~ l'Uraf)~ 1I1flf111111~h' 1J 1~'U ~ ~~~ l'U l~ f)~ 1I1flm 111~'U 
,	 " 

Ijjf)'lJ f)~!tI [11 ':Jiitl1~ Ifftll'l'Yll'U Inl'l~'U , :Jii~ ~~~ l'U 1I1fllf1~ f)~fl [1 tl1f)f11111~f)'U Inl'ltl1~ 
."	 . 

11Ji:itl'U 111J[1 ~~ 'U 1l[1~ ':Jiifll 'j!1J i:itl'U 111J [1~'lJ f)~f11111 tI'U 111tl 'U 'lJ f)~'lJ f)~ ItI [11~~ffllfl n 

P2+ V22+ Z2 + H L 

Y2 2g (2 -	 6) 

VI
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Z I llt'l~ 

" . . 
fitl u1l'n:rfl~wV'll~'Utl'l'Utl'lIYit'l.yjll~.yjlllt'l~ 2. 

, .., 
7. 'fltlfllUJ~," 

m.mJ~'l fll';j I Yit'l'Utl'l'Utl'll Yit'l~tldflltl h.!'vitl~I~'U 111J1J fll';j I Yit'lI~1J'Vi tl llt'l~~f1111J~'U..
 
fIlti i 'U 'Vitl~lt1 ~'l1l~~ tl'lVi 11 nwIIIHlfftl~'Vll'U~lfi~~'U';j~Yi';il'l'Utl'llYit'llfl1J~lf1ltli 'U'Vitl 1~t1 

., 91 0' 11) 0 ~ 91 i91 . 
tllfl't1f1111J'i'Vll'lflt'lfl'1'ff\9l';j'Utl'l lYit'l 1I1IlJ'U\9Itl'l 'l1'ff1Jfll';j'Utl'l Darcy, Moody DIagram llt'l~'ff1Jfll';j 

'Utl'l Bernoulli lJlVillnwl'h1Jfl'U 1~t1i~ili Trial and Error lJlVilfll';jfll'U1Wtltlflll1J1J'Vitlfl111J 

'" .1. 'mUl (Relay)
 

I ~~ fl11U l~ It'lV1J lU ';j ~ t1fl~i ~i 'U tl\9l'fflYi m 11J Yi t'll t1~l'U 1~ t1~ilii 'U fl nYi '!J1'l11 t'l 1Yi t'lltl
 
q • 

111J1J ~11'Y111Jtlf~'li~1'l1J1~I~fl'Y11tliJmfJ'U 1J~ i~filfl'l~ RC 1~'U~1~1Jnmij';jlfl11:Jllvmm~ 

~f1111Jl~t1'l\9l1'l'ff 'l 1~t11'l1J';j 1J~ i~~1~1'U'Y11'Uui'1Jfill~fflYii'1Jui'1Jfilnm i 'U fll1Yi '!J1'l 

';jlt'ltlll~tl~\9IlllYi'U'lI~1J 'U'l11'l';j~t1~nt'llYi'U'lfltl'U1I~lJ~( tum on ) llt'l~I1JmIM 11J !~';j1J'V'lt'l'l'l1'U 

.. 
" 

fll1ViNl'U'Utl'l~It'lV~mrflfll';jVJ'U!1'UlYiijtl'U "l 
.

fl'Ulijtl~lt'l61~i'1J'V'l~'l'll'U Yith~1JH'ff 
d tI , 0 '..:::l, i I ~':::1 ~ d ~ Ill] j}QI QI 

<j}Q1Q1 Q,f Q.lO '~Qld 
Yi'Ul'ff1J~'ff1l~YiCl1JlJlt1'l\9l111Yi'U'lI~1J'Y1'U'Y1(turn off) 

. . 
q Q,I ~ 0 

'fllll : 1JWCV\\9I ,!'UflCll : 2545 : 'U. 32. 
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'i)lmU~ 2.7 H~f1'HYtlJ1:tf1flWl1Ulffll~~1~'IJ'lJ NEMA (National Electrical Manufacturers 
~ u 

~ ''1 ="1 .J 1 .e::::t tI 4 tI ..::::. , ~ QI QI

Association) t:JJeJeJtI 'U~fll1~tuflC)f'ltlf1m1JfI:JJ f1t11tCWll1J1JeJeJ'Umw ~:JJ:JJ~1l11'Ul~:JJ~~'tIeJ'l cu qJ q q 

~ ~ 

~l{j6utlf1m1JfI:JJ 1f1t11t{j6111J1JeJeJ'U1t{j6 t1f1I'i'l!d{jlll1'iirh 10 l'Ull1 i~i''IJ'W'''l'll'U 11 :JJltlml:JJil 
~ ~. 

~ , 

ii1t{j6i~i''IJ'W1:t'l'l1'U m!lff:JJ~~1m6'i)~eJ~1'U~fll1~tilfl'Ul'U 10 l'Ull1 'i)lf1t1'U~'lilfl 1l{j~tijeJ1t{j6 
~ 

i ~i'm'l "'l'l1'U 11 U1ff:JJ ~~'tI eJ'l~ l{j6'i)~f1 "1J :JJl1911H11 '!J 'I til fI 'ti'U l1 

8
2VdC 

Sl 

)..--------r--------.----------, 

Rt Dl 

E 

B10B2 
E 

_l...i '" <I 
3'U'fI 2.7 1'l'i)1eJeJ'U1lCW . . 

.c:I Q.I.Qr, 0 

'fI'JJl : 1JWCVI~ ~'tIf1{jl : 2545 : 'U. 34. 

'i)1f1d'l 'i)1 '1'U 1 U~ 2.7 ttl'U\P11eJ~1'lU1J1J ifH:JJfl{1l1J1JeJeJ'U1l{j6 '1'U1'l'i)1'i)~ '1~tI'I11i'l n'l1'U 
~ ~ 

'YI11'U clim~eJ{ltl'U1'i11i1J!d{jl 1f1t1fil't1eJ'l!dm'i)~~f1~'il11W l'i)1f1fil't1eJ'l1'i1~1'U'YI1'U R t U{j~fil't1fl'l
 

fI1vnclil~fl{ C j 1'i1~1'U'YI1'U R, 'Vl111Ul~~lnflm~1l~~il1{j~1'U~i11i'ln'l1'U'YI1'Uclim~fl{1'i1
 

~l'U 'YIl'U ~ 'Vlll1 U1~~ il~fftyqJ1 W'W{j -a'1J1 mrlfl ~i11i'l n'l1'U 'YI11'U clim~ eJ{Ulm~U~U{j~f11'V'llcli
 

l~fl{ C j fI1t1U1~~ 111f1 i1_i~flI'i1~1'U'YI1'U ~ n'i)~i1_itflflfftytylWi{j-a'1J1mrlflfl1'V'llclil~eJ{ C 
j 

fI1t1
 

U1~'i)• 

fI1vnclit~fl1C2 'Vll11Ul~lltlm.mf1'i)'tIeJ'l SCR eJeJf1'i) lf1~i1 1i'lni''U'YI11'Uclim~fl11f1t1m~u~
 

f1 il1 {j'tleJ'l~i11i'lni''U 'YIl'Uclim~eJ1'i)~~f11J~eJf11f1t1I'i1f11vnclil~fl1 C2 i{jff~lflfl'i)1f1m1f11t1U1~'
 

'tIfl'lfl1vnclil~fl1 C j 'i)~i 11 {j~l'UfI1vnclil~fl{ C2 t'lf'Ul~t11n1JllH ivJ~1:t1J
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. . 
1'i1~l'U'Yll'U R

3 
't11'H'\.hYii'fnnUH~'Ufi'\Jllf1'i1'1HJ~ SCR i'l1'jjUH~'UI'Yhti'lJml1~ 

'iI'Um~~~fffljfljlW~~ff~l'Ul.,rl1J1V~f11vn~1;YI~tJ{ 't11i'l1''\Jllf1'i1'\JtJ~ SCR t11m~1l1;Y In~m~ll1;YC2 

QI fI ~~dfl ~ 0 ~rI t QI

'ml'Utl~f1tJtI~ K) CJ1~I'lJ'U'HMfltJtI~ tvJ~H'\J'Ul~ 12 V SCR 'iI~'U1m~1l1;Y'iI'U1;Y1~'b'SJ 'U'UtJf11;Y'lJ 

i'l1"li't11~1'U ,~ ltJ~ D) 't11'HU1~~lti~m~~'U1;Y'Un~ln~'iI1f1f11'H'H~t11Ul'\JtJ~f1tJtI"K) Irtm~'iId 

'H~~'t11~1'U 

C"'" C
2. ACUO"HWIA1J1flfl01 

Irl'U tJumwl'i~~tJ'U fl~ 1'U1J'~ ~~'H1J1t10~1~'U ~~1;Y~'Vll'U' vJ 1l~~1~'U1'i11'i~1~ 'ild'vJvh'\Jw~• 

d. C), rI Ql4 QI.IC:.\.QI tI

'JIm : ~1ddW 'lJflj'Yl'Vltlll~~'Iflfljf1'f1~ tJfW'Vl'Vl~'U : 2542 : 'U. 127. 

~ d 

d~'lJ'lJfl111Jd tJ'UI'Vl d1~ 11 dlf11 (;).. f1 
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. 
o de:. cI c:. QI GI tj1 0 .c:!!I GJ 

f11':i'YI1~1'U'\J~'HCJl~':ifl~I1J':ifllflfl1')j''U ~~~fl'j:::Uff ~ 'Ul~'il':i':i ~1J1Jfll1lJ':i ~'U 'il~'YI1~1'UllJ~ ~ 1J 

IlJlPi{ll~f1Jfll1lJ~ ~'U 'illflf11':i I'11 {l~l'U'\J~~fl'j~llfflvJfh ( 11JllJl9i{l'il~I9i~~'4 fl'jlJfi1Jl~ 'il':ivhhrt1J 

Q,I c:. Q,I ..:2 Q,I lJ] 'IV tj1 tj1 ... 1C1r. d ..:9 tj1 tj1 Gl tj1

IlJ~{llfl~f11H~~ l~~~ll~~~~fl'il'U !lJ':i1Jf11'U 'I1'U1fl~'U 1l'YI':ifl ) ffuHfl'il~~~f11'U'I1 'Ulfl~'UU'YI':ifl ~ '11 

lil~~'tlfl ~1~'Uf11':iIPi~fl'j~Uffl'VHh 1 'Ul~'il':i 

f11':i'l11'\J'U1~ICJl~{n~I1J':ifllfl~{ l~lJ~'ill':iWl'illfllJm~~{~1,*111~'UlJm~~{ 1 IvJff 'I1j~ 

3 IvJ ff l1{l~'\J'U1~U ':i ~,j1J'\J~~lJm~~{ l1~l~~fll'U lW'I11'\J'U l~'\J~~fl'j~!lffl vJ.yh~1 '*1'Ul~ 'il':i~~'I1lJ~ 

~ffllJ1':i()'I11'\J~~ICJl~{n~l1J':ifllfl~{l~ ~~ fflJf11':iI9i~ItJ~ 

ff~':i.. 
PI - 0 VLILCOS e (2-7) 

IL PI - 0 

VLCOS e 

.-l 
IlJ~ 

"l 

PI fl~ '\J'U1~'\J~~ hp '11'111 m ~ 'U W 

"l 

VI fl~ UH~'Ufl'j~llfflvJ 'I1tl1m~'U V 

"l 

I I fl~ fl'j~UfflvJ 'I1111m~'U II~lJlltJ{ 

COS e = POWER FACTOR = 0.8 

1 x 2.5 (2- 8) 
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, 0' 
l1'W,)~ 11J1fllfltl1 

Ui;1\P1l.1'Wli 

700
300
 175
 250
 

0' '" _.1 '" ~ ~ 
llm\PItl'm1~mHHI1J1 lTI'ff ml111\PI 91~1111 

1~'W 1\P1tli'1JllH~'W i vJ~11~1l~l11m~1l1~'W ~1'W 
'" 'JI\PI') \PIl'W'Vll'W 

300
 700
175
 250
 

300
 700
175
 250
 

'" '" 1l1'fftlflfl1 B ()~<!I E 250
 175
 700
 200
 

1'l1'ffflflfl1 A 700
150
 175
 150
 

. . 
l:t QI..:::t. 0 

'JI'IJ1 : 1JWCV1\P1 "l'tlmn: 2545 : 'W. 41. 

3. tflfJ'nvh 
'ffltlivJ~l11~~tltJfll~'W 2 GJ1U\PI ~tI 'ffltlGJ1U\PI~iiu'W,)'Wlim1'll lli;1~i~ii~'W')'W• 

'lftl,rll'ffltl i vJ~l• 

'ffltlivJ~1GJ1U\PI~i~ii~'W,)'W'lftl,rlJf11tl'Wtlfl 11tlfl'ff1mU~tltl ( Bare Wire ) i,*I~'W'ff1tlri~• 
" 

i vJ~11~1J1Jll H'ff
OJ 
~ 1~'W 'ff1mU~tlfJ~,)'W "1 ~h'W tlfl i~i~m1J'u 1tJ1 ~ 'W,)'W 'fflmU~tlmY,)'WlJ1flll~,) 

o rjJ ~ .c! ~ ~ ..d.cs ~.c! ltJ I rjJ I rjJ QI d 
'iJ~'Vl1\P1 ')tltJ\1lJl'W tlll I'lmlJ'W 'ff1tl'Vllltl\111 1'W tlll Lll'U tI tlfl111 tI tli;1~ 99 'iJ~ ,)1~1li;1~'ft1\P1fl1J1'ff1,,!~"l1l1 'W 

i~1l1fl'ffltl ivJ~1111 ~ "!~l~tlll 1fJ~ i U\PI111'ffmihifl i vJ~l~tltl lli;1~1,r1 i 'Wlijtl~titl'W ~m,r1mj'tlllUi;1~ 
. " 

ivJ~l 'ff1tlivJ'iJ~i'1Jl11tJt:iltlm~u'ffi~lJ1flfl';h'ffltl,rll~'W,)'W lijtl'ffltlivJl1~ 2 'lfU\PI ii'tl'W1\P11'l,)111 1\PI• 
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'" d ~ 'JI lLI_!!t?1 d'l 'JI '" 'JI a "i
1fffl'VltlJ'U Q'U TU '111J rrfrn Iu'U fflt1'Vl !'ll'fl'U 191 l1Jtllmnn'U ~'H)'U !H~l'U tll9lffl'11m'j1J ~'W'jl~fll'j 

'JI	 'JI '" 'JI '" '" 1 'JI lIJ 'JId 
'I11JQ 'U1'U 'Utl~fflt1 lvJ'Utlf1'il1fl'il~ 'lmnl1JU'tltlflfltlll'tl1 t1~i1tl~fl'Ufl111J'll''U 1l'tl~f111mtl'U !f1tlfl• 
'JI d a 'JI '" dd ''JI.J ~ 'JI '" ~I '" d 
f1dtll'U'Vlmtlfl I'll'fflt11vJ'll''UfI'Vl1JQ'U1'U'I1tl''11J 9l'~~1J'Ufflt1111J PVC 'll''Ufi IV ~'W'jl~tu'U'll''UfI'Vl 

m1J1~ff1J 1'U fll'j~~'U1~'il 'j 

15OV. 9'4IC", 1: ~ TA8t£ • 

.-:::::!'nwYAZNJJ @ n:s1'~ 

1tJ~ 2.9 llfffl~fl1'W'Utl~fflt11vJ 
.d	 ~ 0' 
'tun: t'!1nw '4ty'Vl'WtI: 2545 : 'U. 98. 

fll'j f11'U 1W'I11'U 'Ulfl'U tl~ fflt1 1 vJ'I111 ~ 'illfl'iJ:l9l 'j 

'U'Ulf1'Utl~fflt11 vJ x 1.25 (2-9) 

'U'U lf1'UtJ~m~llffl vJ~l~I '*1'U1~ 'il'j 'I1'\.hm~'U lltl1Jttu{ 

1.25 fll11vJml9ltl{fll'j'l11'U'U lf1'Utl~fll'j 1 vJ~l 

'l.cl "" 4.	 &cua'l-UlfJYllUn (Solenoid Valve) 

..1 <I'd,! 'JI '" '" '" d a "i '! 'JI 0 • ~ lIJ •• I.!!t
tlumW'Vl !'ll'fll'j1J~fl1Jfll'jtflJ;jtl'U'Vl'Utl~'Utl~m'tl1'11'jtltllfllff !f1t1 ~'ll'tll'Ul'iltl1Jl'I1'tlfl rrfrn 

II I I	 I 

'il~l11~1'U~1t1fll'jtilfl/i1f1 ~'Ul11Vltl~l1'lftl~~1'U (Orifice ) 'UtJ~'Utl~l'I1'tl1l1-I'l'l1''Utl~m'tl1l1tl~I'U1'i1 
OJ	 OJ 

11~1~nfl fll'j 1 'I1'tl / 'I1t1f1 lf1t1ufl~hl~1'il~~tltl~n1J'l';mi~'Utl~mm tl'tl~ 'il~ 1~tl Hflfl~'Ul'vhn1Jtl H 
, "

• .	 OJ 

flfl~'Ul1~tl~I'U'VitJ ~'Ul1~i1f1/i1f1 'il~~tltl~n1Jn'l'Um~1Jtlfl (Plunger) m~1Jtlfl 'I1~tl tll{t1Jt'iltl{'il~ 
OJ	 OJ 

I I jI	 , , I jI 

a d"'l '!.I	 "i lIJ • .1 d 'JI d 'JI' '" ~ '" 
~f1'tltl'U'Vl'U'U'tl~ !'UU'tltlfl'iJ:1J (Sleeve) !f1t1m~tlff n'l'Vl~'Ul1J1'Vl'UfI'tl1f1f11'Um~'Utl~m~1JtJfl'Vl~lJ'U'tl'U 

,	 I jI I 

'il~ ~tl~'U ~i1fltl1~l1~f1 '11 Q'U 1 ~l11'11l!111 ~i1 fl~'U l1 tl~I 'U I'i111~11fI t1U fl~l{l~~ 'U 11~1'll'UflU fl~i1 fI 
,	 jI , , 

(Normally closed) ffU~ 'll1flflm ~1Jtlfl 'il~~'U~'Ul1tl~I'U~'hll'I1tl~i1f1tyjtli1tl~n'U1~I'l1''Utl~ 
OJ 

o • ~ 

m'tl11 'I1'tl~1'U 11~1~rltJm~1l fflvJ~11'I1'tl~1'U'UfI'tl1f1l111'l1'~nflll 'j~ll:Jl'I1 ~fl tll'U1'illl1Jl'I1 'tlfl'il ~ 



18 

d 
f1111 : www.pueuma.co.th 

3/5/2551 

_I ",,,j ... II) ,"" II)".I_~ 'JI 'i' "" <I <I <S II) ."" 0 'd1'Uffm1~lJfl\9l!1J'eW.:jl1J1Jm~Uff ll"fYi1!'IJ1'IJ~Hnf!lCJf'l'UmJf! 11'l11l.:j t1J1JtJ1'U11lU1Jtl1'lfl 

'" U'J .:jff'lJ~ .:j1l~~'Uil'U'IJ~.:j11~11lf!1l1fl~1'U!~1 (Input) 1~1~~1'U1'lJ (Output) U'l~1'U.yh'U~.:j!~tJ1nU 

1'U ffm1~flwYi1.:j1'U!rt~m~ uff1vJ1'11 'l~l'U'IJf!'l1f!1 CJfii'U ~tJ"11n1 1l~Vi1 1~!tif!U ~ .:jf!f!'IJ~.:jih'U 11l.. 
I G ~ ~ ~ ~ 1~ de dJ ~ 0 131 ..::. QI , \tJ ~ lJ] 31 

U1Jm'lfl !1J~m~'U'l'U'IJ~.:j11'l1 'I1!fl'l~'U'Y1'IJ'U!1J'Uf-l'l'Y11 'I1!flf!m11Jf!'U Input \9l~ l'lJtl.:j Output tf! 
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~ '.5. UlItl&1-AVlflfltJ1-AUfI"Ul&V1tJ1 (Magnetic Contractor) 

UlJm'U~ml't1'Uu'Yl'jfHfHJ{ t~'U tlumw~~~tl1~'il'j 'tlNl'U 1~ot11ilml1'Ul'ilulim~flGlhoi11'• 
tn~fl1'j~~~tl1~ 'il'j "h'Uu 'j~fltl'UU~~1m~ff~Nmijtl'Ufl'U~t~~ u~ UlJfH'U ~flt'ltl'UU 'Yl'jfHlPltl{ii 

'\J'U l~ i '11 tUflilff1lJ I ~'\J~~1~'il~t~'U ~1ff~l~ff'U llJ!!lim ~fl 'il~ii'\J~~1~'Yltl~!!~~n~'Ui '11 tU~tl v v 

~~1~'il'jHfl'U~U1~!!'I11'U (Shaded Ring) ~'\Jl~1 (E) ~~fftl~,rN~~'il~rJ~tl~~i~hm!l'\Jtl~Ufl'U 
iI iI , I 

11~ij 'il~t~'U ~1fl~NGlho~~fl1'j ff'U ff~t Vitl'U'\Jtl~!!fl'U fl'Uti1 tl~1J1'illflll'lvhm~!!ffff~'Uri1'UUfl'U 

m~fl'lf~~ fftl~t~'U ri1'U~tt'l~tl'U ~ l~ ii~1t'l tl'U!!'YlflV~~~I ~1t'lH ff~l~'\Jtl~ !!lJfH'U~flt'ltl'U
• 

U'Yl'jfHlPltl{ !!ff~~Hi'U~u~ 2.12 

AiaJtil~y lI=ninal 

- lCrr.-sir...d 

.::i A tI QI e:,.<1 QI AQ.I r:I
 

f1111 : ff1nw 'Utu'YlVW !!~~'lfltufffl~ tliw'U'Y'l\PJJ'U: 2542 : 'U. 120.
 
q q v v 

fl1'j'tll~l'U '\Jtl~!!lJfH'U~flt'ltl'UU 'Yl'jfHlPltl{~lU'I1'1l~ OFF ~~tl~h.l ffm1~ufl~ffU~ ~~'\Jlvf~ 
OJ 

3J d ~ 911 Q.I 0 iJ r:I Q.I'
fftl~'\J 1~'\J tl~!!fl'U m~ flm fftl ~'If~ i '11'111~ tl tl fl'illflfl'U 'Yll1'11 t'l tl'U!!'Yl'j fHIPI tJ'j 'lJ1~ 1PI11P1tl1~'il 'j'\J tl~ 'il ~ 

" 
fflJ Nfff1~ fl'U t'l tl'U!!'Yl 'j fHlPltl{ t'l tl'U!!m fHIPI tl{ij 'il~ttl'U t'l tl'UU'Yl'j tlPl tl{flU fl~i1~ !!~ ~t'l tl'U U'Yl 'j fHlPltl { 

'lJ1~~1~llil~~tltl~fl'U'il~ff1JNff t~oflil t'ltl'UU'Yl'jfHlPltl{ufl~til~ ~~'ju~ 2.12 (fl) 

U1Jm~fl'il~1Jtt'j ~1J1flfl11U 'j -:l ffu'j '11 Ufl'Um~fl'l1~'Yltt'l~tl'U'Yl 

OJ • OJ 

t~tll~f'U'Y'l~~~l'U I l'lvh'\J~~1~~'\Jlfl~1~'\Jtl~t!fl'Um~fl 'il~ff~l~ff'U 11Julim~m)1'Ul'il 
I d t::I I .. Ie:,. .ol:9 13J d .d.a.cd 0 I rI 

~ !!~~~~ ~~1J11P11!!'I1'U ~t'ltl'UU'Yl'jfHIPI tJ'j 

Ufl~i1~ 'il~til~1-:l'il'j ~~ff1J Nfftltlflt'ltl'UU'Yl 'jfHlPltl{Ufl~dJ~'il~~tl1~'il'j ~~ff1JNff~~~U~ 2.12 ('\J) 

. " 
!!~~tijtllli~lom~u ffll'lvh llf'\J~~1~t'ltl'U!!'Yl'jfHlPltl{ ~-:l~U~l1~fftl~'l1~'il~fl~'UlUtl~ffm1~t~lJ 

2.12 (fl) 
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.c::i ~ 0 ..0=::. 

nlrl 2.12 fltl'UU'VIfH~H)l'tlW~'VI1-:11'Utll:!~'IJfl~.. 
.d. ~ d' <:&I d Q,I ~ <:&I "
 

rllI1 : ff1llW lJtu'VI'Y'HJ tll:!~'lfltufffl~ tlfltl'U'Y'lWl'U: 2542 : 'U. 12l.
 
q q u u 

<I... <I
6. lImgJO'UflD1 (Motor Gear) 

f11l i ~-:ll'U:Utll~tl{lfltl{J'U iimlflf11l ~1t1 "l ~~tlf11ll'IJ~tI'Uu'IJI:!-:I'Y'lrr-:l-:ll'U hJvhlJ1I~'U 

'Y'lrr-:l-:ll'Uflmr'Ultl-:l tl'IJmWl1rrfl~ ~tl :utll~tl{~i'lJ'Y'lrr-:l-:ll'U'1vJvh ( tl1'il'il~I~'UhJm~llff~H ,• 

m~uffffrrlJ IvJffl~tl1 l1~mn:UlvJff~'1~ ) u~1Vi lf11ll'IJ~tI'Ul'IJ'Y'lrr-:l-:ll'U 'illfl '1vJVh~ffl~l~tl{ 
'" 

" (Stator) lJ111:!'U'Y'lrr-:l-:ll'Ufll:! i 'Ul'IJ'tItl-:lf11ll1:U'U'tItl-:lUfl'U:utll~tl{ (Rotor) l~tlflm~lJ1'Ufl1l'ilh'" . 
'i d <I • 

Electro-Mechanical Energy Conversion ~~tlml:Ull1't1tl-:lf11ll1~'U'tItl-:lUfl'U:Utll~tll'il~\!flf1111'U~ 

. " 
l~tlml:U~'tItl-:lm~llff'1vJvh (Hz) UI:!~~1'U1'U.,j1't1tl-:l:utll~tl{ (Poles) 1'l1'U:Utll~tl{ 2 Poles 'il~ii 

ml:UI~1'IJl~lJ1W 2,800 ltlmitl'Ull1 ( mhmtlmitl'U1Yiif I9itl'1'IJ'il~'~fftyrrfl'l;lW11rpm ~-:lritllJ1 
... <I '" d _I d 

'illfl Revolute per minute 'U~flllJ ) :utll~tll 4 Poles 'il~:uml:Ull1ltllJUl~lJ1W 1,400 rpm 'il~Il1'U 

~ I d <I:' '" • "". d • '1_ 1_ 1 <I, ~ '1 ~,'1 ~11ml:Ull1ltllJ'tItl-:l:utll~m'U'U:Ufl1~-:llJ1fl ~-:llfl'Ufl11'V1'il~'Ul UUl~~fl~ 'If-:ll'U ~ 'U111:!1t1 "l 
'" d d <I '" d ~ "" <ld'" I

m W 'U tlfl 'ill flml:Ull1l tllJ 'VI tltlfllJ1 'illfl:U tll~ tll 'il~:Ufl11:Ull1ff-:llJ1flllI:!1 III -:llJ~ 'ill fl:utll~ tll fl:U fl1 
'" 

~ "" I d • '1'~ 1IJ~ ~ ~.... i~ <I ~ e! <I <I
'Utltllfl'Ufl11'V1'il~'Ul 'IJ 'If-:ll'U ~~l ~1t1't1tl1)lfl~'tItl-:lf11l 'If-:ll'U'tItl-:l:utll~tll 2 'tItl'U :Utll~tlllfltll 
~ .d 'j)Q,.1 QI , d d' 0 rI d rI#!J ?I Q./ d 

l1l tl'VI ~ 1) flfl'U 'U 'U l:U 'tItl-:llfl tll'VI ~ l tllJ f11l 'VIl-:11'U 'tI tl-:l:U tll~tlllfltll fltlllJ'U ~ 11:!~fl11:U 1l1't1 tl-:l 

ml:UI~1l tllJ~tltlfl 111:!~1~:U1ll -:liJ~ i ,r1l1lJ1~ff:unlJf11l' ~-:ll'UJ'Ultl-:l 
"''''" <9 ~ , ''''" ... <I ' ... '" <I ... , ~ d
'VI'U fl-:l'U flfll'Y'ltltlfHll:l1 'If:U tim lJ 'illfl:U tll~ tll :Ul~ tlfllJlfltll'VI~ltllJ l'Y'ltl l'iml:U1l1l tllJ 
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d til d d d rlQ.I .{a.Q,I 

'fl111H'i11l1f)1J~H~tl'i~tlml1J!'r-;)'itl'UVH:ltlmJ1fHf)fJ'H"ty~f)llW'fltll 

Q,I I rI d I ~ d d rI Q,I I Q,I 

~1tlfJVI 1Jtl!~tl'i 4 Poles 'fl111J!'i1'itl'U 1,400 rpm ~m'\JlfHf)fJ'i'Vlfl'itl'Utl~'il'Vl~H'Vllf)'U 

Q,I ~ d d d ria ~ 
140 ~'l'W'W'fl111J!'i1'itl'U'Vltltlf)1l1fHf)fJ'i'fltl 10 rpm 'W'W!tl'l 

, 
.et 
'Yl1Jl : www.sengtawan.org 

3/5/2551 

rI d rI a d rI lJ] 'jJ Q.I G) 91d QI d QJ G) j} do 
1Jm~ tl'i!f1fJn'i 'itl!f1fJ'i'Vlfl'itl'U ~fl'i'Uf11'itltlf)U'U'U ~ 'I11J~f)llW~'Vl!'I11J1~~1Jf)'Uf11'i ~ 'If'l1'W'Vl 

I j} rI d. rI I d I lJ] 9J Q.I e! 
'11 ~ If)'I1 ~ lfJtltlf)11J1'WU~ ~~'11 'W 1'l1'W 1Jtl!~ tl'i !f1fJ'iU'U'l tl tlfHlJ'W 1J 'i~ !fl'VlfJtlfJ G') ~ fl'l1 ~ lfJU'U'U ~'l'W 

6.1 Helical Gear 'I1~tl!fifJ1!V'l~1~'i'l~ijf11'iri'lHl'Wtil~'l1'WU'W1!~'W~'i 'ltflfJf11'i'\J'Utl'W 

'\Jtl'l~'W!VJtl'l!~'W~ G') 

6.2 Worm Gear !~'W!fifJ1!V'l~1.,j'1'l~1#li''Uf11'itltlfH!'U'UlJl!vttl1 '*1'W 'l1'W ~ llimJf)1J1f) 

Uf) .,j'tl~'\Jtl'l Worm Gear ~tl'il'flllli~'l1J1f)Uf) ti1!'VifJ'Utl'U!fifJ1'lfUflg'W~~~'il'Vlfl!~fJ1tl'W ~'l'Vll'l 
, 

d dod 9J a <I=::t, d Q.I 

!'fl.V'l.'Vl. '\JtlU'W~'Wl Wormgear 2 fJ'I1tl'fltl Bonfig1ioli 1l1f)tl~1~U~~ Vogel1l1f)Wtl'i1J'W 

~ d rI j} I d Q,I Ill] 'jJQ.I 

6.3 Helical Bevel Gear !lJ'W!f1fJ'i!V'l~l'\Jl'l !'If'W!flfJ1f)'U Worm Gear U~ ~fl'i'Uf11'i 

tltlf)U'U'U1Jl!vttl1'*1'W'l1'W ~#ltl'lf11'i UHilfl~ 'lw;h U~~ ~ 'lw;h!~'W!fifJ1~ij'fl111J'Vl'W'Vll'W Worm.. .. 
Gear ~trltlt1J~fJUVi fJ'U~'\J 'W lfltVhtl'W 

6.4 Planetary Gear t~'WtfifJ1~1#li''Uf11'itltlf)U'U'UlJltvttl'itl'li''U'll'W~~tl'lf11'it!Hilfl 
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ff~ l~m'in'll~ "''Ul~l~mrltllmmJllifJufiulnfJ{'l1iA~~'U~fuHHiJ~'~rvhfi'U~~Ym lrLVi.li. ij
'" 
l~~fl~ll'j~mlU Planetary Gear ~ffl111'jtllh~flflUlnfJ{l~l'Jfrel'~'jl'Vl~ ~llJlll~'j~l'U"'fl~ 

.it ~ ~'1~ '1 d 

Bonfiglioli l"'4fl~flUff'Ufl~~1llJ~fl~fll'j~Jfl~~ ~'l1~1'U ~'Ul'JflmW 

6.5 Shaft Mount Gear ~~fl~t'U TA Series "'fl~ Bonfiglioli ~~'~fUfll'jflflmlUUlll 
.it i ~i rJJ 0 .d <r d QI i rjJ a ,J.d ,Jt::::t.

l't'lfl 'l1 'U~l'Ufl~'t'lflmlJ;W~ ~~tllQm~ TA Series lH'lflllW~fll'j 'l1~l'Ul'l1lJfl'UlJtll~fl'jlflfJ'j~~lU'jfl 

." . 
..11'11 ffllJl'jtl~~~n~uutlfl~fi'U fll'j'MlJ'Ufliiu (Anti-Run-Back) l~flllfl~fi'UmllJlfffJ'MlfJ"'fl~• 
fl~~mlll~fJ~ mh1flfl '~fUfll'j~IJlJ'Uli ..rij~~mllJffl111'jtl t'U fll'j i ~~l'U~a~'M~'UflillJfll~fl{ 

lnfJ{~~lU'jfl..t1 'llJ'Ulfl~ 

6.6 Mechanical Speed Variator ~11lfu'jflU'Vl1~fl(;l"'fl~ Bonfiglioli ~~fl~i'Ui'U V 

Series ~~ flflflH UUllll'M ijfl'Ufll'j ~~~ flnlii~",m~ii'l1yhtl fJ'U~ 1~fJmffml 'j ~lfffJ~'Vll 'U ~ m!1~ l'U 

.",0' 0' "~d ~ d <!I"".dl ~ _I ~ d d dI 
ld'j'Vll~ fl'j ll~fllJ'"fll fffJ ~ fl lfl~fll'j fffl'M 'j fl"'fl~'M 'U1~ l'U 1J'j~flUll(;l~~1lm fl'U mflfll'j lfffJ~ ff CJ1 ~ 

~i Y 9J.::::r. QI" QI" I':iGl. rjJ 
~ 'l1~l'U~fl~~~~~'j'j~UlfJfllfllff'Vlfl~'j~'Vl~'l1~l'U
'" '" . 

6.7 lfifJ{lll~fJ'Ui1ff'Vl1~fll'jri~nlii~l~'UlfifJ{i'Ui'U RAN Series ~~'~fUfll'jflflmlUU• 
, , J/ • 

llll~flfll'j lll~fJ'U i1ff'Vll~fll'j ri~~l'Unlii~i 'UlJlJQlfl lfifJ{'l1iA~i1ij~~'jl'Vl~lihiff~trfl ri1'U i mu 
• '" u 

, I • 'J/ I 

QI 'O'=i a a_it QI~.::i .::::r.,d 'i~"" d 

fl~'jl'Vl~ ~~fl~'Vl 1: 1 'M'jfl 1:2 l't'lfllJfl~fl'Ufll'jl't'llJ"''U'''fl~llHU~'Vlm~~~flfl 'M lfl~~ 1llJlfffJ'MlfJ 

llfi~1lfifJ{ ( RAN Series '1iioJhfifJ{~'~fufll'jflflflllUUlllt~flfum~iJ~ H\9i'~fufll'jflflflllUUlll 

t~tllll~fJ'Ui1ff'Vll~fll'jri~nl~~ ) 

, ... 
f18't'tt1ltJVlfl 

.::::r.::'I ... 1 .::::r..d,J .d QI tlJ ... 1,Qj~ .d QI .::::r. 
't'l (;llff~mlJ 'U ffl'j 1J 'j~ flflUfl 'U 'Vl 'j fJ 'Vlff~ l~'j 1~'M'" 'U ~lfl1J Um fJ1'Vl1~t~lJ'" fl~1ff~ ti'j'j lJ'l1l~ 

" . 
l'lf'U ihiJ'U nlCJ1 ti'j'jlJ'l1l~ ll(;l~tafl '1!U1~'l1iA~ fl~i 'U'jll"'fl~l'jeii'U mj~flflfl'~ 2 lh~Ul'Vl flfl

'" '"" . . 
l'Vl fl{llJld~ ~~ l~ 'U't'l mff~flliij 'j1l'Vl Htll1'j lijfl~l'U m'jlJi1i fll'j ~~~ 1~ fJ t ~~ 1llJ~fl'Ull(;l~ 

'" 

II'j~ti~~dh i..r'M (;lfllJ(;l~mfJflfl '1i'~ l'Vlfl{llJ't'lmff~m~'U't'l(;llff~fl~ffl111'jmJlfl~Ulll i ~i 'M1i'~ 

flfl 'M~~'illflul'1l'M~m1ll~'U~~~fiw~m~1 ll(;l~"'Wlff~fl~Ul111l1lviflfimrfl~m~fli~~l'Uvifl 

~",fiw~J'U '~Uflt'Vlfl{llJl'lmff~fl ijfll'ji~viflrl'lllflfl';h 50 illl~1 
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1. 'lfU~ 'YHll 'iY ~ f) 

'Yi~1l~~"'~IPl~'YHll'iY~f)~t'hlJ1'l~ti'IJHI ..!'vi~'iY'UfiwCl1~1 "l11J mj,~~~f)l~ 5 'lfU~ ~~ • 
m'J l~~f)1~'Yim'lm'iY~f)fl'1J'j ~'IJ'IJ'Yi~'iY'Ufiw Cl11~1l~~~,rvhl1'Jw lflW 'iY:lJU~ fl11:IJ 'iYl:IJ1'Jf)1~HU 1~ . .. 
ll~~"'~U'1f1'IJl1~tWUl)'l M'1 ~,nu 'JlrJ~~I~rJ~'U~'1'Yim'lm'iY~f)lPll'1 "l ~~'1ij 

1.1 ABS (Acrylonitrile - Btyene ) 1~'U'Yi~'YHll'iY~ml~'1 ( Rigid plastic ) Hn'IJ'J~'IJ'IJ 
'jI , jJ j/ jJ 
o 0 GI j) , ~ 0 QJ lI!!t.Qr, ~ 1G) j) 

'J~'IJ1rJ'Ulll~~mmfYll~'U1lJ1!'lfl9lm~'IJ'lJI'YW'J~'IJ1rJ'U1 mmfY mm'J11'1'IJ'U'V'l'U~'U1l~~H'1~~!19I 

.. 
25 ll~f)mJ 1l)11~ti'IJm'j'j ~'IJ1rJtJ 11'Umfl1'J lli'J 1l)n'IJm'J1~'11'Un'IJ 

OJ 
jJ j,/ I jJ 

~19I'iYl'11f)'j'J:IJ'U~f)1l1f)ijV'1'iYl:IJ 1'Jf) 'l~n'IJ~ll~rJ'1tJ 1~l) ll~~m'J'lf~1J'J~'Yll'U 1~~1rJ 'Yi~'lftJ~ij'Yl'U 1Pl~• .. 
111 9ld .d od ..:::.1IJ 3JlIJ 1.Qr, .0::::1 I..c:! QI , 

llHf)'j~ll'Ylf) l~~ :IJml:IJI'l1'UrJ1 'Yl'U~WfI:IJ l~ 1:IJlf)'U 82 ~'1fYWlf~ICJfrJ'iY 'U'U1~'Yl~1l~l)19I'111191 1 Yo! 
.. • OJ 

6 tJ1 ml:IJm1 3 1:IJ19I'J lm~ 6 1:IJ19I'J 1~'U'Yi~ Schedule 40 l'l1li~'Un'IJ'Yi~l'l1~f)m'IJff'1f)~ff'Yi~ll~ 

1~'Uff~l m'JIPl~1l~1~'U1~I~Ul)IPl~~1mflrJl (Solvent Welded) ~'1Jlm (Solvent ) l~llfi 

"1 od QJ.Qr, I 'j), GI j) ~ iJ Y QJ

(Methyl - etylketone) l~rJ'iYl'J~~mmfll)ll~f)~m'Yl~ 11~~'U~I9I~ !'l1'11~Ul)~~mrJl9I~I'U1~1rJf)'U 

o l.d 0 GI j}od Q I I 9J I .&,1 I QJ ,: 

m 'J 'Yll'J ~rJl9I~'Yll'l1lJ1~ 'iY:IJ 1l~ 'Yll !'I1l)m1l)1l'U'111 'J '1 n11 'Yl~ll~~'U Ul9lfll~'1 CJf'1ll~ 'U'U ~rJf)'lJmll)'lf'U 
OJ 

'" '1 Q '" &'l'JI """i d 'JI "" ~ 'JI
~W'I1iJl)l1m l'Um'Jll'U'11911 CJf'1 'lf11~1 2-5 'Ul'Yl l~m'i!~ml~11J'J~lJ1W 3 'Ul'Yl 1l1f)'U'U'Yl~'iY~'IJ~1rJ 

Q,I 0:d 'j} lIJ3J 
IIH~'U'U If)'iYllJ1'Jf)'U l11J'l'lf'11'U l~ 

1.2 PVC (Polyvinyl Chloride) 1~'U'Yi~'V'lm'iY~f)Ilf)i'11~n'IJm'j'j~'IJ1rJJl'J~'IJ1rJ .. . .. 
mmfY 'Yi~~lrJtJ1l1~~'1m'Jfl11l)~'Ull~tJ1l)1'l~1~'U'Yi~~lrJtJ l'IJ'U~b~'U ll~~ 'l~~b~'U 'UW~I~rJ1n'U~ .. 
'l~ti'IJ 'J~ 'IJ'IJtJ1 'J ~ 'IJ'IJmm fY '11'U 1J 'J ~ 1Jl If)fj 19I'J f)'j 'J:IJ ~191 'iYl 'I1f)'j 'Jl)ll~~ ~~rJ'iYl rJ irJvh '11 ~~ •.. .. 
'iYlrJl'Yl'Jfl'V'l'tl ~W'r'ifliJl~'11'U 60 ~'1fYlICJfm,*rJ'iY ~'U'Ul~~'1111Pl Yo! - 16 tJ1 mll)m1IPlu'Yi~'U 4• .. . 

I ct9Je:u:,,1 Y 0 lI!!t' j} 3J 
1:IJ19I'J m'Jl9I~ll~! 'lf11i19l~~1rJ'Ulmll~~I'lf~:IJI9I~~1rJml:1J'j~'U (heat fusion) 

1.3 CPVC (Chlorinated Polyninyl Chloride) 1~'U'Yi~'V'lm'iY~f)lIf)~'111~~I~rJ1vr'U£n'IJ 
.. 

'Yi~~1,* lllPl1~ti'IJ~W'I1 flill~'iY '1f),;h1~n'lJ'j~'IJ'lJtJ 1~~'U 'l 'Umfl1'J ll~~~I9I'iYl'11f)'j'J:IJ tJl:IJ11~1~'U 
q ~ ~ q 

iI " 'j} I I 

'Yi~~lrJtJll~'U tJl~~'Ul'i'1l111'1'IJ'U~b~'U ll~~ M~'U~w '11 flil 1~'11'U 1~'iY '1f)11 82 ~'1fYlICJf~I,*rJ'iY l1 
• OJ OJ .. . 

ml:IJf)~~'U~lrJtJl1Jf)~ll~lliln'U 689,5 kpa l~rJllilll9lf) IffrJ'l11rJ m'JtJlfl11l)~~'U~1 ~'1~~m'J 
d j} j} 0 'l3J QI 1:9J G)"~ I lIJjJ3J •Q,I 

~f:l!l'iYrJml:1J'j ~'U tll'U 1lJ1 'lff)'IJ'j ~ 'IJ'IJ 1l1rJ'U1'J ~'U !'l11~~ m'J 'UrJlrJ19I11911:IJ m 1'U ~'1'Yl~ !1~ 1rJm'J 191~ 

1l~ 1~1~ 1~~l)1Pl ~~1mflm lllPltrlll~lPlfll"'l n'IJlfl ~ ~'1 'iY'Ufiw cnm'J l~~f)1~'"UIPl ~'lftJ~ fl~•. .. 
(Compression fitting) 1'Uf)'jWIPl~I"'lti'IJlfl~~'1Y1Tlh~~'U ~~'11~tJ1Jli]~ ~1'IJff'1f)~ffmll)m1 150

. ."r 1.o::::J' .o::::I..ct..dd j} QI ~ 0 0 j)

300 l)l). 191 fllWf)f)~'U 'Yl1l ~ 191~ CJf'V'l1CJfI'Ul f)'lJ1fl 'J U'1'Yl1'Ul 'J ~'U 
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=" ~ ~ I	 , d GJ j/QJ

1.4 PE (Polyethylene) llJ'W'VH;n~\9lfl'b"U\9l~~'W (Fiexible Plastic) U'l~'Vl~tt'IJ'l ~'lffl1J 

, 'JI ~	 : do dd ~ ... I ltJ j}d 0 GJ j/ ='t r ,

1~lJlJfll11l1tJU1 fllCJ1 1~UIJ'lf'liJ1~'Vl1'W ll'l~1~lJlJ'W1tJ;l'tJ'Vl:UJ;l'11tll~1J'W !\9l\9l 'Wl1J1 ~'lfllJ'W'Vl~1l1tJ 

" U1 t 'Wtt'l~'W~flmm1 11'l1J'W~h~'WU'l~t~~'W 'Vi~ t'W 'h 'l,:n'W~\9lJ;l'1'Hm1:U fll1'lf'liJ1~'Vl1'W ll'l~• 
do ~ I' I d I ~ , jJ~d QI j/ I j/ QI j/ 

lfl');l\9l1mnJ :um'Vl~~~'WU'l~'Vl~tt'IJ'l 'IJ'W1\9l'Vl~ % - 2 'W1 fll1\9l~1l~t'lf11iJ;l'1:U~\9l'IJ~\9l~tt'l11\9l\911tJ 

J;l'1 tJi'\91'H 1~ i '*fll119i ~U lJ<U~l tJiJ 1fl'Vi~I'I~ 1tJfilJ'Vi~yjij 

1.5 PB(Polybutylene) l1j'W'Vi~'VlmJ;l'~fl'lfU\91fltl'W lm~'Viflll~'l 'H~'W~1i~ t,*fi1J1~1J1J 
, ': j/ : d. , ': I	 0 'j/ 

1l1tJ'Wl1tl'W 'WlW'W 'Vl~iJ1~iJ1 'Vlm~1J1tJ'Wl 'Vl~~\9lJ;l'1'Hm1:U fll1lfl');l\9l1 tt'l~'lf'liJ1~'Vl1'W 'Wl1J1t'lf• 
" " " t1j'W'Vitl~ltJU1t~'W U1~tl'W t'Wmm1 'Vi~iJ1~iJ1 'Vi~~\9lJ;l'1'Hm1:U lfl');l\9l1m1:U U'l~'lf'liJ1~'Vl1'W ih1'l• 

'Vi~fltl'Wlm~'Viflll~'l 'Vifll1j'WiY~l 'IJ'Wl\91'Vitl 3/8 - 2 if1 fll119i~i.f-J1i~ltJiJ1fl'Vi~U'l~J;l'1:ui'\91~1tJJ;l'ltJ 

i'\91 i11l1l,j''W UtJ:u t ,*filJ'll'WiJ1~iJ1fi'Wtt'Vl1'H mtJ• 

2.	 'UU1~Ul1~m~":i~TI,.!'ritl't'tt11tf~fl.,rl'tJ
 
, "
 

'Vi~'Vl m J;l'~flliU 1:U1i '*filJ 1~lJ lJ'Vi ~~'lJntlJ en ij \1'l'Vi~tt~'l tt'l ~'Vi~fl~'W ij 'IJ'W 1\91 U'l~:U W11!1'W 

II ~ IdQlI da	 do 

2.1 'Vl~~tl'W1l~~'l\9l\9l1:Ulm\911J1\9l1!1'W l'lf'Wl\91tJ1fllJ'Vl~m'lfll'l~ Schedule NO. 40 :u 

""	 " 'IJ'W1\911~'lJ~'lHI9i 3/8 - 6 U1 (15 em ) 'Vi~'IJ'Wl\91 3/8 - 2 U1 (5.5 em) 1l~"'ll1j'W~1'W1'I11:utJ11I9im~1'W 

" 200150 100 H'l~ 50 l:U\9l1 'IJ'Wl\91imlifl'hull~l1j'W'Vi~\9lHtJ116 t:U\9l1 

, .........	 ,

3. 'fItl't'tlCJfm~":i!lU~~tf1't'ifl":i":ijJ 'fIfJ 

'Vi~'VlmJ;l'~fl~ijfll1n1'H 'W\91 t'W 1J1\9l1;T1'W ~\9lJ;l'1'Hfln:u i 'Vlm1j'W'Vi tl'lfU\91 yjiC]} t ,*t1~'W 'Vi~J1.. . 
, 'JI 'JI	 , 'JI 

~:u 'Vi~1~1J1tJU 1 'Vi~1~1J1tJU 1i ~ i 1'11fl 'l1'W'lf'liJ1~'Vl1'Wlm~'Vi~~~tJJ;l'ltJ' vJ Hl9it'Wlii11l~fl~11~'l 
, 'JI I 'JI 'JI	 'JI , 

m'Vl1~lit '*l1j'W l'i~u 1~:U It'l~1~1J1tJU-1 i J;l' i 1'11fll'Vil'U'W 1J1\9l1!1'W ~\9lJ;l'1'Hm1:U i 'VlrlU,j'l'Vi~u 1~:U 
:'l~?t ~ <!I ~ di dI	 '" ~ 

'W1 ~'lfllJ'W 3 'If'W m1:U'H'W11'1~'lf'W 58.8 U'l~ 13.5 CJ1'l'H1J1tJtI'lI'l11:U~1:unf:lt'Wfll1'Vl'Wm1:Ufl\91\91'Wi'lf 

'll'WmtJt'W'~ 58.8 U'l~ 13.5 flfl./\9l1.CJ1:U. ~~tlJ'Hf1iJi~'ll'W 27 ~'lff1lCJ1'llC]}tJmm~n1'H'W\91'Vi~'lfU\91 
• OJ 

" I9iN'l~~m1j'W~'li1 fitl 
'JI I 'JI	 'JI 

3.1 :U~fl. 17 - 25321J1\9l1!1'W'Vi~yjic]} t,*t1j'W'Vi~U1~:UU1t,* n1'H'W\91tMt1~'WiYU1l~'W 
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o i~?t d '" f11 'tI 'U 11 'tIllJ 'U ffl 'tI ~ tJ -:.I 
~ ~ 

3.3 :lJtJf1. 999 - 2533 :lJW''j!1'Ul1tJ~1;i~I~'Ul1tJ{YnhYl1-:.1f11'jlf1Ell1'j-:.I1'U'j~lJ1t11.h 

o i~~' d-:.I1'U tJ11 ff1 '11 f1'j 'j:lJ f11 'tI 'U 11 'tIllJ 'U ffl'VI1• 
3.4l1tJ:lJ111 'j!1'U u~ir'VI i ~-:.I1'U~1'Ulf1Ell1'j fll'tl 'U1l il1'lrJ'U iMitl1 

~ QI 0' I d ~ ~ 9J o.a i ~ ~dd .et 
~~ l1flW CV1 'VI tJ'VCI9f 'VI~~ 11'U'U111:lJ:lJ111 'j i11'U tJ 11 ff1't1 f1'j 'j:lJ 'iI~11 tJ-:.I'VI11fl 'j tJ -:.I11:lJ1t1 'tI m UtI1'U . dO • 

i 'U'j 1t1~~I~t11l-nU-:.ll'i'u 1~~-:.IU
~ 

f1. ~tJ -:.I~ I~'U tlf1El 'j 11 j tilfl ~tJ-:.I11 :lJ1t1Uffll-:.l rU'tJfl11:lJ ~tJ 1 iJu"i l1'llf'U i'1l1 'iI'U tJ~~l1 til:] f1l1 tJ'U 

.a <!!t.dt ,.. ~
 
'U. "IHl11 'j tJl1 'j 11fl 'j tJ-:.I 'tI:lJ1 t1'UtJ-:.I t H -:.I1'U ~~ 11
 

"j 
fl. 'l$tJ 'U'U 111
 

-:.I. ~tJiJ'j~I'VIff
 
o"j I ~ i ~"j ~ ~ "j_1 

't'i'llU.u't'i~ i'Uf11'j'VI11fl'jtJ~11:lJ1t1U'U'VItJ111:lJ'UtJ'U. U~~ fl. 'tIUffll-:.l'l$tJ 'U'U11l U~11l1t1'1$tJlJ'j~lfl'VI 

1"lf'U 15 PVC 5 'tI:lJ1t1U-:.Il1tJ ~1;U~-:.I~'U'U11l'j~'4 15mm. ff1:lJ1Hl'VI'UUH~'U1~5 kg/em 2 

.. y '<:l<:l<:l 
4.fl1'i &"~l'UflijftlCJr 

~ ~ 

U'il'ilU'U l1 tJ~1; l!t1:lJ'Il1:lJ11~'U 'j~UUl1tJ ~1t1'1l1 'j~1J1t1'1l1 U~~'j~1J1t1mf11ffi 'U mfll'j fl'U• . 
U'W i 'tI m tI 1'W 'j 1~~1l ~

~ 

-:.I ~1t1~ tJiJ 'j~ f1tJU 1 ~ V-:.ItI1 f111 ijtJ'U l1tJ'W m ff~ f1'1$l! 1l~'U U~ ~ 'j 1flltl
~ 

f1 f111~1t1. 
~ ~. 

U~~ f11'j l~tJf1 i ~i''U:lJ111'j iT1'U 1~tlf1flm1'U 111i l1'mtlf11'j i ~-:.I1'U 1~t111'U1'U1l11-nfl1'j ~tJ 1iJUlrJ'U 
dO ~ • 

~ ~. 
i''U-n 5 i~-:.I1'Ul1tJ'j~lJ1t1'1l1 'j~1J1t1mf11ffi'Uu~~'UtJf1mfll'j -:.I1'Ul~'Ul1tJi'1fl'j11 -:.I1'U 

~ ~ 

lf1Ell1'jf1'j'j:lJ 1"lf'U 'j~'lJU'lll't1t1ll 'Il1Qll~'U~tJtI (Sprinker) 

~ d ij} ,: ",I I rjJ.dt Q.I cIQI J 

'I$'U'VI 8.5 '1$-:.I1'U 'iJ 1t1'U1U'j -:.Ill'U lJ1'U f1m-:.lm 'W1~'VI tJlWf1 'iJ1f1 'VItJiJ 'j ~ 'VI1'UI'U11fl 'jtJ -:.I ~'Ufl WCV1 

. 
l'iJ1~UtJlJ11l1~ . 

'" ... 'V ~'<:l<:l <:l<:l<:l
5. fl1'in\ijflNt1~.flWcnflijftlCJrfl'llfJW.fllft 

U'iJ~U'U~~~~11:lJ1f1'j1t1i~il1Q~11~1~i"lfff1'j ~1;t\'1'U'1 :lJ1~~l1l1tJ u~~~iJmrul1tJ 111 
~ , 

il1'l1tJ~1; u~~~iJmrumtJu Ul1f1~lt1 U~~mY;ll l1tJ~1; ~iJmru~tJl1tJ U~~'Il1t11~tJl1tJ-n~ 

fJwm'W~11~1~:lJ111 'j!1'U 'iI~111il1'1f11lf11'j 4'1C)f:lJU~ nw rU'tJ~tJ i~nm i 'U f11'j~llU 'I1'U 'U1'U l1tJ11'Jll 

'UW~~tJiJ 'j~f1tJU11 jtJ11~-:.IiJJ ~f1tJU ff1:lJ~tJtI1f1 rU'tJ~tJYJl1U'I1'Ulf1'U 1iJ l~tJff1:lJm'iJUl1m~dJlltJtJf1 
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, 
5.1 'Vifl ~1~ ViliflWfl1'V'l1¢i'll1\91'ji\l1'U~fl~lifltl.!1;nJ1r~~~U 

~ 

~fl~\9IH 1~fl\91 ~11'Uu~~ 
• dO. 

~ , 
'Uflfl~fl~l~ t1'U{Y~{ll\91 1~li'jfltl~111U m111fl~1l~fl~ l¢i'd1'U 1~l1jtl1 lim11111 'U 1mJ1t{yll{)lff'U~1'U 

0' 1 ~ \I) ~ 

~'Utlfl~1~fi1t1'Uflfl~fl~~fl\9lfl~~\9Ill1\91'ji\l1'U 
~ dO 

5.2 ~umw~fl'Vifl~l¢i'll1\91'j ;}1'U ~fl~lifJW {yll'lJ'~~~if m111~fl~fl~,rfl~fl l¢i'll1l91'J !1'U 

fl111111 'U l~fl~{y~ 11{Yllfl 1~'U1~lfl'U 1U \9I111u'jfl~~mlim11111'U 11'Vi1f1'U lrlfl{Yfl\9l'Vi{)l,r11U¢i'1t111H 

~ I ~ ~ \1)_1\1) ~_I .J.J <9 "'" _I o'~ d \I) ,'''' "j 
'V'lflI111l1~tW1 ~fl\9lfl~t~l ~lJ ~\9IlJ'j~ll1WflH11'U~~fl~m111~flH1fllJmW\9Ifl~t'jtl'U~llllJ'Ufl~'U• 

: , , 'jJ .Jt ~ 1 ~i 3J~ QI 'j/ lJ] j} 'jJ

5.3 'U1t11\91fl~fl \9Ifl~{y11l1'jtl~~~lt1l'll'flll~1~flll~~flumw11\91\91fl'U \9Ifl~ ~~1l11~'ll'1• 
<!! d "'" \I)_I ,,,j ~ ~ ~ \I) I c:lI I 

11'j{)l'j11fl'U ~lJ m'U'U~fllllflll11~tl~1\91fl~ ~ll~flflllJ'Ull~'U 

jI 'j}, I 

fll'jr]fl~~\9ItiwCl1'Vi fl ~1~ flumw~fl'Vifl\9l~fll9l'il'UtJ1t11~fl'ViflVi'j1mtlfl flWfl1'V'l~lll11'* . .~ 

I jI I jI 

1'Vi1f1'U'Vi1'U1,*~fl~ll'V'l~ 1'V'l'j1~I{iflliilt1J111tJ1~1~1l 11~fl'Vi{)lI\9lfl11~ fl{ll~fll'j 1,*~1'U ff'U ~lt~'U ~fl~ 
~ ~. 

c]ffl'Vifl1l11U~t1'U 111~ 1~'U ilUJ111V~tI1fl 1'U fll'Jlt~1 ~ vh1l1iY'UlUi'ifl~fh 1,*~lt1l~'U 2 1'Vi1
" . 

:II' "'" 6. 'U8V18'fUntTVlfl 

,rfl~fl'V'lm{y~fl'il~ 1,*f1'Ufll'j~fl'Vifl'V'lm{y~fl ~fl'Vifl 1~11 ~f1'U'Vifl'V'lm{y~fl 

lfl~t11 {y11111~~BI9I 111{ifl'Uf1'U'Vifl 1~11~~11u lfl~t11,rfl~m'im{Y~flfl'Utfl~t11,rfl~fl 1~11~ff111i''U 
~ ~\I)1 Q,lj} Q.J d 'jill d~9J..:::to

~fl~flBI9I 'il~tlfl{YflI9l1~1 ~ U 'U 'Vifl 1l~~'j19l19l1t1{Y1t1'jI9lI11~fl ~fl\9lfl~fl'V'lm{Y\9Ifl{ll 'illlmI9l1'U{Y11111~~ 
~ 

II'U 'U lfl~ t11'j1'lwvi'U I'i11~ t11f1'U ,rfl~fl 'il~ Vi 11191 t1fll'j ~ 191 'V'lm{Y~ fll11 ~ 11,r11flt-e:m,r1dll~ll 'U'U.yjll~ 
~ ~ 

.-=:t, j} , d31 'jI I d d Q.J d QI d I 

\91 111 'll''U 191 ~ fl\91 fl~\9I fl~fll'j ~'U 1191~fl~~ fl\91 fl 'il~ 11 ~'U 1191 tl9l t11fl'Ul11 ~fl{ll'U {Y ~ fl~ {Y ll~~ {Y11l1'j tl\91 fl 

U'j ~ flfl'U 'j 111 f1'U1 ¢i' ~u m ill~ I~ 'Ulfl ~ t111rlfl~ flf1'U 'Vi{)l11~ fl11 J:i~ 'ill mj'UllU'U ¢i'1t1{iflll111 ~~i'U ¢i'1t1 

_I I' QI.e:::::t, & do j} , d I 191_1 d 'j/ I 

lJ'j ~tl 'illl\9lfltl1~'U lfl'U11'U ~ 'j fl'U I'V'l'j 1~ lfl~ t11~fl \9Ifl{ll 'illl\91 fll{Ytl111t111~~ fltl1 'll'lJ'j ~ II 'il'U'U ~fl\91 fl{Y111 
~ 

~fl¢i'1t1fll'j 1,*tJ1t1111~~{y1t1~19I ,rfl~fl11U'l11U~'U 1'*1'U~i'Utl~flV1i'UllU 'Ulfl'U1U ,rfl~fl'V'lm{y~fl 
"j do\l) ~ ~ c:lI ~ 1 i I 0 _I I \I) ~"j 1 ~ 1 1 \I) 1 ~ 1 ~ 

{ll'ilt'll'flllfl ~191 mllJ'U~fl\9l{)'j~'U1t1~'Ul191 my 'il~mfll'j~1t1lJ1fl~fl nt'V'lfl 'll'{Y111~fl 19It1 ~ll\9lfl~ 'll' 

,rfl~fl 11 ~ fl{y111~ fl¢i'1t1l1111'U tI1~ mWl~'U 'Vi flflfl'U! 'If'U 'Vi fl~ii II ~~~fl 'il~ i '*fll'j ~fl 11~fl ~1 t1U 1fl'Vifl 

Q.iI" Q.

7. ~U~'U8V18n8~~ltTVlfl 

,rfl~fl'Vifl'V'lm{y~flll~~'Elflfl l¢i' 2 'll'UI9I ~fl i'Ull~~~'ll'UI9I'il~ll~~flflfl l¢i'11~1t1'jU~H\9I111 
~ 

.c:::::. .e:::::t, ~i~ ., 1~
'll''UI9I'V'lm{Y\9Ifll'V'lfl 111'Hll1~{yllfl'Ufll'j 'll'~1'U 

7.1 ,rfl~fl'Vi{)'j~'U1t1 (DWV Plastic fittings) ,rfl~fl'Vifl'V'lm{y~fl'll'Ul9liftJ1111i,*f1'U 
'j} jI jI 'j} 

fll'j'j ~'U1t1tJ11'Vi 1'W'U II~ ~ 'il~ 1~i '*f1'U'j ~ 'U 'U ~ 1t1tJ1J:iflfl W~ ~fl~ ,rfl~ fl'll'U19Iuli flV'H mtlll'U 'U 1l11i'ifl fl 
~ 

\91111 m111t11111~{Yllll~~\l fl~fl~~fl~~ 1'U I~'U ,rfl~ fl'U1~Vi 1,j1{Y111'Vi {)l~fl i l1~1f11t1 i 'U,rfl~{)l'Vi 1f1'U 
~ , . 

~lf11t11 'U'Vifllim11111'U1t'Vi1f1'U~'U 5 ViUtill1'*1'U\9Iml9l11~~flflfl l¢i'I~'U 8 ll'U'U¢i'1t1f1'U ~~'juVi 2.14 
~ 



27 

--+--.. 
.w",,"um..r.i') 
'l:U.~·1 tHlI° 

W 90· Y"I IW\.Tl 

~""v,.,.;, I 
BocnT (OS, 

'.'.' ....~'······-····'..

• ~v. :', ' 

' .... -; 

~~.......
t 
_Ii 

.,...".... 1:.lJ1b~1 

RfOUCING SOCIiCE:f I' 
~) 

7.2 ,rtl~tlvitlUH~'U (Plastic Pressure Fittings) ul1J11~fim1m~'m,.~m~lJlJ~ltJ 
'iJ 'JJ I 'j} 'JJ 

tJl1h~lhU,,~ff'tl.owcvl'1 'U tllfl11limllJ'H'U1Htl 'Ut'l'hfilJi''U 13.5 ~'I1tJlJ i 'U~Cl1~li11lJ'l'1,rff'U 9 ')j'iJ~• 

-----,-------.....-_...._.•....-- . 
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~, ,
UUIU11i:l1 (Glove Valve) 

1 0' 0' 0' ~I d~ ="t '" '" ?t "l.::II ="t 
fH1Ul1f11 (Glove Valve) lU'Wl1mU~f1~'Ylfl'WlU~-U~lJflfl~W.~IlJ'IHl1'Wl1H)~mJ~ 

lfl~fl'W ~~'W -f1~ 1~rJti'l'W~~;~t'A 1flnuU111~1 I9lU,.nJlluu'Ufl~fl111fl~fl'W~'Ufl~i'W i 'W~fl~w.~if 
<U 

~~ 111 '1 '11'fl111U~rJ'Wll1JfI ~fl11 ltl ~U 111~1 11 ~ fl 1 ~rJ~'1h~'Ufl~ U111~';ltlfl~i'WlU~rJ'Wll U f1~ I~ 'W 
, , ., 

QI I QI ~ .d -=:to Q,I l.do 0 Q,I Q,I 

ff~ ffl'W 1911 ~ flU 1~ rJ~'Yl1~ fl111 fI f1fl'W 'Yl 'Ufl~f1 'W 'W U111m11lJ111lJ 1~ fflJ ff1111Ufl11f11U fJlJfll9l11fl11 

, 11 fI 'Wflfl'il1flif'l 'W fl11tJ~~1f1~'Ufl~ 1fl~Ul1~1ff1lJ11tl tlflmUfllJ'~fl~Nll'll'Wfl'W l~rJti'l'W 11~1 
<U • 

'" '" ~ ~ '" <!i d'l .1 '" "l '" 'jI eel eel 'jI ,J I

llU Ulflfl rJ1 fl flm f1'W rJ~ff1lJ11 tllf1f1 fl'W 'Yl ! ~ rJu11ffmflll H IffrJ~'Yl1'W 111flll~lJlI1~ fllflfl'W flrJ'U'W fl rJ 
<U 

'JI 'JI ,'JI 

nu fl11 flflflllU UU111~111fl ~i1'W ~~U'W f111lJff1lJ11 tl '1 'W fl 11 n'W l'1'Ufl~ 11~1'lfl1~u~~1i~flrJ.fl1'Vlff~ 
<U 

o'i'"0'" i'jl 10' ?t o'~l ="t I ""10' 0'",
ff1111Ufl11 'l1~1'W flflU11f11 'Wflfl~W.~llJ'W11mlu~ - u~UflrJ "l 'WU1°1 flflUl1f11lJm1lJ 

dt dt.d 0 , d.d ~ dI .d 

111lJ 1~ fflJlJ 1fl 1'Wfl ~ 111 m ~ rJ~'Yl1 ~ fl111fl f1fl'W 'Yl1 ~ 1111~ 19111111 'W ~ ltl ~ll9llJ'Ylllfl~tl~ff'W 'YllJ 1~rJ~'Yl1~ 'Yl 

t 'fl Q,I.c:::t d , dt.d ~ 111 ~.d.d tjJ 

ff'W llfl~ 1J111f11 rJ~lJfl11lJll'U~llH'Yl'WI9lflfl111flflfl'W 'Ylltl~-tl~'Ufl~f1'W ~~~flfl~1rJ 

1'------- rt"r\t 

.I..i 1 0' 0'
1'U't1 2.16 flflU11f11 

I 

<:I '" 0' 1mn : l\JM 1JtyrJ1i 1fJfI: 2529 : 'W. 202. 
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, " "'I 0 

Ifl~tl.:l\l'UU1 
, jJ r::I , I 

tfl ~ f)'HJ;1J1.J l'1fU~ ICJf'U ~~ f1f)~ (Centrifugal) trJ 'U t1l1iiUVlI i ~n'UmAril1 mvn'U:JJ1f1ii "l~ 
Ji ~ J'~ g,J Q.I 'l 'J/ "" 'J/ 'l 9.1 ~ .. I ~ 

I'U f) .:.1111 f1 tllJl t'lJ 'U 'U ! ~ 'i 'U f11 'j f) f) f1l1 'U 11 l11l1:JJ1 ~ ffll f1 'Ufl1 111 ~ f).:.I f11 'i 'If .:.11 'U If1 f) 'U 'VI f1lJ 'i ~ If) 'VII 'U 'U• 
>I 

'J/ I 'l g,J-=1 ~ Q,I ~ Q,I I ~ t!I i 'J/ 
~ 'U 11 ff1111'i tl f)f)f1l1 'U'U l111 I~~ (Head) ff .:.Il1'i f) f)~ 'i1f11'i ff'U ff.:.l l1 'if)'VI.:.I fff).:.I f)V1.:.1l1 'i f)f11'j mf)f1 'If 

OJ OJ OJ 

, ~ jJ , 

'l 'U~lPliill1:JJ1~ffll till U'U'Uihl1.:.11'U iIPlVfl1ffVf11'jl1l1'U'Uf).:.I 'l 'U~~'YI~f)~lIt'V'l~t~f){ (Impeller) iill~• 
~1Plf11'irl1m'VIn1~.:.I1I1f1lfltf).:.IV'UIP1~'U n1~.:.1 l1 ~f)lIf)t~f){1 vHh Irlf) 'l 'U~IPll111'U 'V'l~.:.I.:.I1'U 1I1f1 

Ifltf).:.IV'U 1P1l1 rf)lJtll~f){1 'Vl.yh~1I~tlf1rl1m'VI i~Vf11'i~'i1f1fl'U'Uf).:.Ifl1'Ui UWIPl (Vane) ~f)'Uf).:.I1l1 ~1~mJ 
OJ OJ 

'if)'U"l'l'11 iM'ln~f11'i 1l1~ 'l'UU'U 11~'U~lIHm~'U'jf)'U1.:.1 (Tangential Flow) Irlf)lif11'i1l1~i'U'i1f11;lW~ 
"" , G '" d d .. ~ 'l 'J/d lIJ 
1Pl.:.lf1m1f111:1f1~UHIl11ml1'Ui!'UVf1m.:.l (Centrifugel Force) 1l~:11J'Uf-l~ l111f11'i !l1~1I1f1~~ 

>I • 

fY'UVf1m.:.l'Uf).:.I i 'U~~f)f)f1' 1Jrill'U 11~'U 'i f)'U 1.:.1 'VI f1 VlfY'VI1.:.1 (Radial Flow) fl.:.lU'U'Uf).:.I1l1 ~1iitlf1 iuwlPl eu qJ q cu 
• >I 

~l:1f1fl'U f)f)f1:JJ1~ 11:li VlfY'VI 1.:.1 f11'j' l1 ~ii I~'U ~~ 'j111n'U U'U 111.:.Ifff).:.I 

ti"m4n11~
n'l1t"'ft1'\4U\l'li"flU 

~ 
(R.a.diaJ flow) ROTATION 

n11l","lw.u41lurr.
 
(Tangential now)
 

. . '" 
1'I.H1 2.17 VlfY'VI1.:.1f11'i' l1~'U f).:.I'Uf).:.I 111 ~'Uru:ii~l'U f)f)f1111f1 i 'U~~'Uf).:.ItllIll'U'lJ!CJf'U~ ~'Vl~f1f)~ 

, 
<:l "'..rim : 1'UM 'UtlWli i 'jf1~: 2529 : 'U. 3.cu q U q 

Irlf)'U f).:.IIl1 ~ 1\] f1l111 'U 'l M'ln~ U'j.:.ltl1~V.:.Il1oW ~'U Vf1m.:.l fl1111 f1~ fl'U 'Uf).:.I 'Uf) .:.I1l1 ~ 111:lifi111 1f1 

I I.1 dJ. .. i "" .1 dJ. Q 'l "" ''l ~'I
'U'UIlIf)f)~l11.:.1111f1~~~'UVf1m.:.l'Uf).:.I 'U'V'lIPl:JJ1f1'U'U III f) fl11 11 l'i 1'Uf).:.I 'U'V'l~l111'U f)~ 'Ufl1'1f'U~lJ~1I1f1 

Q,I do rI d ~'Q,I 'JJ ~ • 

'V'lf) fl1111f11Pl~'U'Vl~~~'UVf1m.:.lf111:~lm1fl1111~'U 'Un V1f11fY fl.:.lU'UtilIll'U'Ufl1ffVU 'i .:.I1l11V.:.Il1oW 
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'\.I~Nt11 {ll~tlfWI~ 1'li'1'V11~rY'W~f1m~ IrltlJ:-.l~m''W tltlf11 U~lm l'.i ~J:-.l~f1~'W '\.Itl~f1~U i U~~ ll{l~ 
'II 'II 'II 

do do d' d lrJ iJ Q.I ~, Q.I ~ 0 ?I iJ " 
llHmlt1~'I1'WlJ''Wtlf1m~ f11l~ !'I1{ltltlf11l1~{ltl~U'Wl!'ff'W'.itlUl~ ~~'W'W U'V'l~1l~1l1!1J'W~tl~tl~ 'W 

W I 1 i.I 

!~tl'Wi1:JJ (Casing) l~tlYh'l1'lh¥i'jlU'.il:JJ ll{l~~'W'\.Itl~ 1'11'11 t11 rll'U I U~~l'W ~1t1 (Discharge Opening) . .., 
!~tl1i m'li'lnuvi mi~'I1~tl'.i~UUi ~~l'W1itll U , 'W m'.i'.i lU'.il:JJ'\.Itl~!11 {ll'i1tlf1J:-.l~f1~'W tltlf11l1~1'W l'WU 

'II 

o ?t ~ ~ ~ .II ~ ,..,.., t d .II .II .., ,d,
1l1!1J'W~tl~!'j:JJ~'W'VI~~ ~~~'I1'W~U'WI'ff'W'.itlUl~'\.Itl~ U'V'l~ ~~'W'Wll~:JJ~~11'W~C)f~J:-.l'W~mtl 'W'\.Itl~ 

w i.I i.I w 

!~tl'Wi1:JJl'li'11l1~~nU'\.ItlU'\.Itl~'U~~1l1f1~~U!~t1f1il "il'W'\.Itl~!~tl'Wi1:JJ" (Tongue of The Casing) 
. "" 

~f1flW~fh IU'\.Itl~!~tl'Wi1:JJ1l~t1l~1l1f1~U 2.18 

I t W W 

":iUfi 2.18 ~f1flW~ 1~t1111IU'\.Itl~l~tl'Wi1:JJ'\.Itl~i1:JJllUUIC)f'W~1~f1tl{l 
~ 'II. 

e\ "".. 'in".l : lU{lti 1JtlHJ1i t '.if1{l : 2529 : 'W. 4. 
~ q u q 

., "" ., 
1l1f1il'W'\.Itl~!~tl'Wi1:JJ I U~1:JJYirY'VI1~m'.i'l1:JJ'W'\.I tl~' U~~ 'il~ii'\.ltl~t11 'Ill '11'1 tltlf1:JJ11l1f1~'W• 

~1:JJf111:JJtI11'\.1tl~ 1~'W '.i tlUl~'\.Itl~' U~~~!'~:JJ~'W ~~JWJftl~il~~~!~'W'VI1~1~'W'\.Itl~'\.Itl~t11{ll 
I Q,I oIl:!I W QI' Q.I '=' fj/ ~ J fj/ I

'.i~'I111~J:-.l'W~'\.Itl~! '.itl'Wi1:JJ f1U U'V'l~f1'il~~tl~!'V'l:JJ'\.I'\.J1~'\.I'W~lt1 1~t1'11l:lf1m'.i ll{l~'5~'.im'.i !~:JJ 

vf'W~'I1'l!llPi~ 'il~f1~~Iv1tl' 'I1'f111:JJ1~ 1'\.1 tl~m'.i 111 (l'ff~l!'ff:JJ tl ll{l~!t1'WJ:-.l{lYil' 'I1'iim'.i'fftlJ!iYtI'V'l~~~l'W 
'II OJ 

I 11) Q Q 1I)..i d ?t 
tltl1~ !'.if1~1:JJ ml:JJ!'.il'\.1tl~m'.i m{l'il~{l~{l~!'Wtl~1l1f1 'V'l~~~1'Wundl'Wtlf1!U{ltl'W1l1!1J'W 

'II 

'V'll:l~~1'W flf1~' 'W '.iU'\.I tl~ ml:JJ~ 'W!g~ll 'VI 'W 
'II 
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!~V1 (Head) 

QI I QI ~' .oJ 
1.1 1~~mllJ~'W (Pressure Head, H ) mmllJ~'W'Wtlfl1Jlfl1J~Utlfll1J'W llHlltl'l1'W~ 

.. . .. 
'I1'111VVJ'W Vi 1"l1'W iJ1~'W ~tllll'n~I:lJ1l1 (N/m2

) 'I1~tltJ tl'W ~~ tllll11~iJ 111~1 li'lfl11:lJ~'W'\Jtl~ . ." 
'\J tl~l '11 'I1n Ufl1J~ u tlfll~'Wllri ~fl11:lJ ff ~'\J tl~'\J tl~l'I1 'I1Vi 1J~ ntl1Mlfi~fl11:lJ~'W Vi fll'11 'W ~ U'W VJ'W 

'" 
~ 9J.& Q.I' ~ Q.I.& G) ",I .c::! 1 

H1'11'Wl C)fntlnUll'l1'1~'\JtJ~l'I1'11'W'W fl11:lJ~'WC)f~U tlfl ~ 'W~lJ'\Jtl~fl11:lJ~~'\Jtl~'\J tl~l'I1'11 11Vfl11 

"1~~fl11:lJ~'W" 

H P P (2-10) 

pgY 

.. 
y 'Ill'11irfl~llvn~ii'l1'I11m~'W N/m3 

p ml:lJ'I1'Wl11'l1'W'\Jtl~'\Jtl~l'I1m ii'l1'111mtl'W kg/m2 

g ml:lJd~li1tl~1JlfllIH~~~~'\Jtl~ !'Ifl I'VhilU 9.81 m1s2 

d .d1fl G) 1 t!I ': 9J 
1.2 1~~ml:lJ111 (Velocity Head, H v ) '\Jtl~l'I1'11'Yll'l1'1 ~'W'Yltl'l11tl'Yll~'Wlltl~~1V 

.. .. . 
fl11:lJ1~11~ "l ir'Wii'Vl~~~l'W 1JmJmi 'Vl~~~1'WihjjtlUtlfl1'W1tJl~~ ~tl 

'" '" 

(2-11) 

2g 

fl11:lJ1~ 11'Wfll11 'I1'1'\Jtl~ 1 '11'1 i mitl ii'l1'111m~'W m1s 

g ml:lJd~li1tl~1JlflllH~~~~'\Jtl~ !'Ifl ii'l1'111m~'W m1s2 

'" 

Q'l'JIoo"" 11)'11"" .J'~ d 'JI"g

1~~ml:lJ11 1 ~ 'I1m1l1fl~fl11:lJ ~~tlfltl£J1~'I1'W~1111J'Wml:lJ~~'Yl'\J tl~l'I1mllfl'l~:lJ1 ~1mIH~~~~'\J tl~
 

!'Ifl1J'W 1~fl11:lJ1~1'11~'W fll1 1 'I1'1'\Jtl~l'I1mJ'W 
..,. . 

1.3 1~~ffilll ( Static Head ) l'WflWyh~l'W'\Jtl~iJ:lJ !~t11111tJ'\Jtl~l'I1mll~f:lfll~:lJ 
'" 

"" Jt i'JI"" 11) .J 11)_1"" '" .J.J" ... .J '" i _I
'Vl'l~~l'WI'Vltl 'I1:lJ'W m'l1Jlfl1J~'I1'W~ !lJV~tlflll~'I1'W ~C)f~tlVff ~fl11 fl11:lJ~'WC)f~fl~ 'W 1lJ'\Jtl~ml:lJff ~ 

q q 'U 'U cu 'U 

V 
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.d o' fI c:V ~ 9J I I d b]
'U~'1'U~'1m m'Yl m~'Yl1~H)rr'Wt1fHl1'1'U~'1i1lJm'Yl1'1~~ !!Cl~~l'W'il1t1 '1 'W'Utu~Y1m1lJ! ';i1'U~'1f11';i l'l1 Cl 

~ ~ 

I ~I 0'&::1 I C\ 

~l'W';i~1J1Hu'Wrr'WtI !';itlfn1 "!~~fftl\9l" (Static Head)
~ 

'illf)aJ~ 2.19 ';i~t1~'Yl1'1'1'W!!'W1~'1~'lJ~f1!~'W!!'Yi'lm1lJ'ff'l'U~'1'U~'1mm'11~~ !~~ 'il1fl 
~ ~ 

0' c:V ~ I I d I C\ j} I 

~'Wtlflm'l'U~'1illJtl'lumtl'U~'1'Yl~'il1t1 !';itlfn1 "!~~fftl\9l~l'U'illtl" (Static Discharge Head) 
0' C;'lI ~ (lI C\ .d l.ek, I 

';i ~ t1~'Yl1'1 'il1fl 'il~rr'U tlflCl N'U~'1tllJ tl'I ';i ~~'lJ WJ'U~'1'U ~'1! '11 m'YlUCl1t1'U ~'1'Yl ~~~ Cb''I ~t1ff '1fl11 
q cu cu qj ~ . . 

d I C\9J 9JC\ 10 I (LId 

!';itlfn1 "!~~fftl\9l~l'U~~" (Static Suction Head ) m~n'U~'1'Utl'lmm~~\9I1fn1 m1lJ~'U'Yl 

0' c:V do"~ .d~ d I

rr'UtlflCl1'1'U~'1illJ'il~lJm!'U'WCl'lJ '1'Umtu'U'il~!';itlfn1 "'j~t1~~~t1fl" (Static Suction Lift) U'Yl'W 
~ ~ 

9J C\ .::!t I .d C\ C\ 9J , 
~1t1 "!~~fftl\9l'j1lJ" (Total Static Head, TSH ) fltl ~Cl\9l1'1'Yl1'1l'l'lffltu\9l'U~'1!~~fftl\9l~1'U'il1t1 

Q,I C\ 9J .ck I Q.I r .J'?I 
(Static Discharge Head) fl'LI!~~fftl\9l~l'U~~ (Static Suction Head) Cb''1m~'1flCl11'U!u'U!~~ 

I 1 c1l I I iI 
o 4d~ 9J C\ 9 9J I I do d tq C\.c:i 

\911 ff~ 'VIu lJ 'il~ \9I~'1 !l'llJ ! '11 Ufl'U ~'1m Cl1fl~ 'W 'Yl'il ~lJ f11'j l '11 mfl~'U'U 
q 

~I '1 ~ I I ~ " ~ 
1.4 !~~fl111IH~ (Friction Head) 'U'Utu~'U~'1!'11Cl1 mCl~l'U'j~'lJ'lJ'Yl~m~l'U~~UCl~ 

~ 

~1'U ~lt1'VHr'l'll'W'I1~ m~~ '1 'Ufll'j' '11 mY1'U 'I1rt'l'il~fftu!iYtI' U !dtl'l'il1flm1lJN~'j~'I1i1'1'U tl'lmmn'lJ 
~ .. 

Q,I r r ... 1 I 9J 9J tI ~ 9J.::k II I d 

~'U'I'U~'1'Yl~UCl~ff1'Wu';i~fl~'lJ\9I1'1 "l 'U~'1';i~'lJ'lJ!'lf'W 'U~\9I~ 'U~'1tl 11Cl1 !lJ'U\9I'U Cb''1'j1lJ!';itlfn1 

" . . 
" !~~fl11lJN~" (Friction Head, Hf ) '1'U 'j~'lJ'lJ1;!lJ1l1111"l 'Uf11';i!iYm~~!U~'1'il1flfl11lJN~m'i:ufi~ 

'~'11 Cl1t1'il~q 

I TATIC 

L nON t, 

HEAD .. 
tl,lIomh 

~tl~ 2.19 1'11~ln~m1lJ'U~'1!~~ffi1\91 
, 

"" '" <I "i'rim : 1\JC'1tI 1,jtytl1i l 'jfJCl : 2529 : 'U. 4. 
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-----------------.--1--· -" _. _. -- .f" " VHOC . U[AU
ll Y . ... ,"''''--''''-/..".·········1 t/fRICTION HfAO ". '. /' 

• ~ ... I; ...1 
\ i I 6 CD -r.;'\: 

TQIAl H[AU 11'1/11, SM flC I ' .- ~\!J:: 

IOJ"'ll~HA::~O I (";\STI\_TIC 
11(110 OISf.HARGE\<-0 
-1+-..---,,"_' I€ AU11 

I
.I 

'UII\t 
SUCfl()N 

tl(J'D 

-1 

II 

d d 
'iJ~f1 1 ml~'iJ~f1 8 !~ '" 'Uf111!{1'VHJ~ !i1eJ~ 1I1flf111 i '11~!,r1l1eJ~~ II ~ ~ i '11 ~ eJeJfl1l1fll1 eJ ~lV... 

d d 311 
~ '" 1;)~f1 2 Hi;1~'iJ~f1 4 ! 'Uf111!{1'm~~ W{1''U'VW !i1eJ ~ 111 flm111~~ 1 ~ 'I11WU eJ~! '11 ~111 ~~ Ht!~l1 eJ~ 

q 

31 
~1'U~~... 

,
d 31'" .<i '" ~ "" i d 31

'iJ~f1 3 Hi;1~'iJ~f1 6 !~'Uf111!iYm~~ !'U eJ~ 1I1flllf111! 'U 'Vl rY'Vl1~ f111 '11 ~ 'Vl'Vl1~ ~1'U ~ ~ 1l~~~1'U 

, 
1I1V 

d d 311 
~ '" 1;)~f1 5 Hi;1~'iJ~f1 7 ! 'Uf111!{1'm~~ 'U!{1''U'VleJ !i1 eJ~ 111 flfl1111~~1 ~ 'I11W\J eJ~! '11 ~ 1tiUHt!~l1 eJ~ 

q 

31 1 
~1'U 1)lV 

, 
cl "" 0' 'i
f1lJ1 : 1UM 'lJ'i.lW1i ~ 'jfl~ : 2529 : 'U. 6. 

~ Q u q 

'j/ 'j/'ji ~ I 'j/ , 

f1111:!ty!iYVl'l~ 'I111~iHj'U eJ~tiu tllPl 'j 1f11'j i '11 ~ foh 'U 'j ~u Ul1 eJ C)f~ 11 ~ u,hrw1l~'Udjm1IPll1 f111 

i'l1m~ll~'U ,r~J'U 1'U'\IW~~~1Jfh~'nl1~1'U !~~1111~1'U~~ (Total Suction Head) ~!n~~'U ... 
~ IQI ~9J Q,l1 ddt 

lIHlI~!'V11flU !~~{1'f)lPl~l'U~~ ( Static Suction Head, H ) 'j111flUm!~~m111!11'Vl'VleJ~~ (H ) 
~ s ~ vs 

31 ~I 31 ~ " 
H~~~U~1V !~~fl1111F'l~'Vl1~~1'U~~m'l111~ (H~) 

... 'S 

o QI 3J I d r .c! QI 3J I • .d ~ J ~ 
{1'l'11'jU'V11~~l'U 1I1Vm'lfW~V1fl'U !~~'j111~1'U 1I1V (Total DIscharge Head) 'Vl!f1~'\I'UlIH 
.W 

''U'\IW~l1iJml1~1'U 1I~!l11tiU !~~{1'i)IPl~l'U~lV (Static Discharge Head, H d ) 1111tiU!~~m111~~ 

3J , ~ I d I I di d ~ 3J QI e1
'Vl1~~1'U 1I1V'Vl~'I111~ (Hfd) 1l~~m!~~fl1111!'j1'\1eJ~'VleJ1I1V ( H)C)f~!'\IV'U!1J'U {1'1lf11'j i~ ~~'U 
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Total Discharge Head = H d + H fd + H Vd ( 2 - 12 ) 

'" <!I d<!l 
1.5 1~~~11J'\JtJ~t11J (Total Dynamic Head, TDH 'I1~tJ Total Head, HT ) fUm 

)J I I r:I, j/ 

'VH1~-nWl1~'I11J~li'lJtJfltJ~'t'U ~t1'\JtJ~ 1~~litl1J'i)~~tJ~ lTI1J '~Uri'\JtJ~I'l1 ~1ir'U' ml~l'U~~ 'lJ'lJ'V1tJ ~1t1.. .. 
VI'I~lfl1~' 'I1~~fi1'l1'U~ l~m11J'\JtJ~~1J ;itJ~~~1~'\JtJ~I~~~11J~1'U ~1t1 (Total Discharge Head) 

fi'lJI~~~11J~1'U~~(Total Suction Head) l~tI'Ultl'Uff1Jfl1~'~ ;itJ.. 

Total Head = Total Discharge Head - Total Suction Head 

j} Ij} .d 
~lflff1Jfl1~'\Jl~'lJ'U l'YltJ1J'\JtJ~ H vs U~~ H vd ffl1J1~t:lU'Yl'Ufl1 ~1t1ff1Jfl1~'Yl ( 2 - 11 ) U~~ 

'" ~~~t1u 'lJ'lJff1Jfl1~ 't'11~'~ ~~ij.. 

( H d - H s) + ( H f + H fd) + (v/ v 2 
) ( 2 - 14 ) s 

2g 2g 

• IN 

2. fha~·nufl~8~fl1~'IlMif1J 

fil~~~l'U 'I11J1t1i1~ VI'I~lfl1~Yil~l'U 't'U'I1'd~'I1'U1m1~1 'I1'l.htl'\JtJ~fil~~~l'U~iJtl1J 't '*fi'U 

~1 "l 't1 ;itJ UH~l ~~ ] UH~11'V11fi'lJ 746 11'1101 (Watt) ffl'11f'IJfil~~~l'U~~tJ~fl1~'\JtJ~~1J 

11t1fl';hll~~~1'Ylq'l:l~ (Theoretical Horsepower) Itl'Um~~l~~1J'i)~~tJ~I~1J'tlfllri'\JtJ~I'l1m 
, I I j/ 

IWtJi If'\JtJ~ l'l1m''I1~~1'U~~'IJ'IJ~1t1VI'I~llifil'11'U~ hltlijff1Jfl1~liiil'U1wfilU~ ~~1 ~~ij 

W hp (2 - 15 ) 

a 
11JtJ 

<!I '" 
W hp ~tJ fil~~~l'U'\JtJ~t11J ijm.hmtl'U w 

<!I '" HT ~tJ 1~~~11J'\JtJ~iJ1J ijmJ1mtl'U m 
<!I 0 '" '" 0y ~tJ 'Ul'11'Uflml'rll~ ijm.hmtl'U N/m3 

<!I 

Q ~tJ VI'I~lfl1~''I1~~l'U'Vim~'IJ'IJ ijm.hmtl'U m3/s 
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3. m·n~t.UeJ~flll'll1J~
 

!~'U~t1e!lJi'un'Uu€l";r;hfl1'.il~tI!el~ l'ij'e! 'VHr~~l'U!i1e!~~lf)mllJ1J~ (Friction Head
 

" 
Loss) l'ij'e!m'i~qj!~t1l'i"f) ( Major Loss ) i'Ul'im~'U~HLJ111m'iLl'i'Ul!'U~~!~'U UUU'il1J!1t1U 

l'ij'e! ~'Uih'U l'l1'U1WL~~1f)~lJm'i 

fLy 2 
( 2 - 16 ) 

2gD 

1~t1~ 
<!l 

d ~ ~ hf fie! m'i!~tI!el~!'Ue!~mf)fll1lJ ~ lJl1'Ih tI!~ 'U m 

<!l 

f fie! 1:YlJ1h~ffl'li'lJe!~fll1lJ1J~ 
<!l 

L fie! mllJtI11'lJe!~l'ie! lJm.btl!t1'U!lJ~'i m 

<!l y fie! ml1.I!~11'Um'i Lml'lJe!~m'i Lmll'Ul'ie! lJl1'Il1t1!~'U mls 
<!l 

D fie! 'lJ'Ul~!~'U~1ff'U6f)m~mtll'Ul'ie! lJm.btl!~'U m 
'" 

<!l 

g fie! mllJ!~~!i1e!~~lf)m~~~~~'lJe!~hf) !l'ilnu 9.81 mls2 

'" 

if "" 

1~t1fil1:YlJ1h~ffl'lnfll1lJ1J~ ( f) ~'Ue!~nm1~fJW~lJU~'lJe!~l'ie!U"~,,m:lw~m'iLmdl 
I I I iI iI 

!t1'UUUU'i lU!1 t1Ul'ij'e!U'UiJl'U 1 ~t1ff ~'vhtl'U~lU~;11m'i Ll'i"1'Ul'ie!l!'U!~'U m'i Ll'i m!U1J'il1J!1t1U 

<!l i1 _'I <!l , 'i 0' ", 0' -k d <!l 
l'i'ie!u'Uu1'Ufle! fIl!'i 1'U"~'UlJ!Ue!'i (Reynold Number NR ) G)f~lJ~lJm'i fie! 

<!lNR l'i'ie! DY (2-17) 
v 

1~t1~ 
<!l 

D fie! 'lJ'W1~!~'U~1'Ufl''U6f)m~mtll'Ul'ie! ijm.hm~'U m 
'" 

<!l 

Y fie! mllJ!~l'lJe!~m'i Ll'i"'lJe!~'lJe!~ Ll'i" i'Ul'ie! lJm.btl!~'U m ! s 

<!l 

P fie! mllJl'i'Ulu'l1'U'lJe!~'lJe!~Ll'i" lJl'i'l11t1!t1'U kg 1m3 

<!l 

Jl fie! 

<!l 

V fie! 
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ffll1i'tJ N 
R 

uvvfli1 2,000 ~~fll'jlmll~'LJlltJtJ'j1tJI1VtJfi1~1l1h~iY'Vlfm1ljH~ ( f) 

'il~m1t{'il1fl'i;lllfll'j 

f ( 2 - 18 ) 

" fl1111H~ (f) 'il~~'UV~f1tJ N R llft~V~'j1ri1'U'j~l1i1~fl1111'Ul'U'j~'UV'H·nl,rviv 9iV'U'U1~I~W·h'U 

fl'U Vflftl~mV l'U'Uv~'Yiv E / 0 i~vfi1m1ll'U'j 'U'j::'UV~ ~fU~'YiV'il::~'U VVf1tJ'lfU~'UtI~i'i;l~~l ~l11 
qJ q 'U QI 

'Yiv llft::m'jlliTIfll'j H~\PI i~vfi1m1ll'U'j'U'j::'il::~It{'il1fl\PI1'j1~ ffll1i'tJfi1~1l'l.h~iY'Vlfm1llH~ 
• OJ 

. 
<:l "" _I d1I ' 4. fll'mU.IleJYll'\.U) ~'il1 fl~'Ufl1 tlUU1::mJ't1 tl 

fll'j lffm~~I,1V~ 'il1flvllmw'1'U'j::tJtJ'Yitl111V fll'j'i;l\Ulffm V~ ~V fll'j'i;l\UlffVV'U
q 'U u cu u 

I,1V~1l1'il1flfll'j 11l~V'U1l1lft\lfl11111~1 'l 'Ufll'j111ft l:Ji1'il::l~'U 'U'U1~ 111V flfl'Vl1~'UV~m1lll~1111V 

Vl'ilflri111t{i1 1~'U fll'j~qjlffV'I"lrr~~1'U 111Vfll'j ~qjlffm~~~ij Hft1l1'il1fl'l"lrr~~1'U'ilfttJ 111~1~~ 

fl11111~11n~fll'j 11l~V'U1l1lft~ 11l'l'U fll'j 111ft'UV~'UV~111 ft 11l'l'U'YiV'V11~lrlV'UV~111 ft~l'U .,j'v9iv .,j'V 

~V .,j'Vl~ll - ft~ 'U'U1~ fll'jll1ft~1'U11~19i1~ "l 
". , 

~~ir'U 'i;lll fll'jyj 'l ~fll'j 111fi1fll'j lffm~~I'UV~ 'il1fl~1l m w'l 'U 'j::tJtJ'Yiv ~ ~ijv ~'l 'U ~1l'U V~ l~~ 

d 2 ry I .... I -C:\ et ry \I].::!::'I lJ191QI 

fl11111'j1 (Y /2g) ~W~1V fIl'i;lllu'j::'i;l'VlTim1ll\PI1'U'Vl1'Ufll'j ~l1ft l'UV'UlU'U'i;lllfll'j ~~ 

2K y (2 - 19 ) L_ 

2g 

",f 
lllV 

"" hL flV fll'jlffm~~I,1v~'il1flvllmwl'U'j::tJtJ'Yiv ijm.hm~'U m• 
"" KL flV ~llll 'j~ iY'Vl fm1llI'11'U'Vl1'U fll'j 111 ft ~ ~~'U VVf1tJ 'lfU~llft~ 'U'U l~'UV~ 

OJ 

~llmw 

y m1lll~1 'l'Ufll'j 111ft'UV~'UV~111ft 'l'U'Yiv ijm.hm~'U mls 

g m1lld~I,1V~'il1flllH~~~~'UV~iftfll'Yi1f1tJ 9.81 mls2 
OJ 
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QI d ~ .lq ,
j;!fl"'lW~'lJeJ'If11'H'ffmeJ~ l'WeJ'I 'illfHJUmW !'W d~UU'YleJ• 

~ ~ 

l1if11dmf11~llUd~ff'Ylnfl111l~1'W'Yll'Wf11dl'YIj;! ( KL ) ~'IU 

4.1 f11dlffm~~~'Yl1'11'fh f11~llUd~ff'Ylifl111l~1'W'Yl1'Wf11dl'YIj;! ( KL ) ~'Yll'11.,rl'il~ 

~'Wmjtlmu'il'1'lJeJ'If11dl~eJll~m~w:il'1tl'llfiullj;!~l'ieJ ~'Illff~'IH't'W dU~ 2.24 llj;!~ f11dmf11f11d 
" " "
 

'" '" 91 liJ 91'1' i 91 '" ~ G"l
lffmeJ~'Yl'Yll'11'lJl 'il~m !~ !~tI "]j''ffllf11d'Yl (2 - 19) C]f'lflfleJ 

K y2 (2 - 20)L_ 

2g 

"j I 91' "''I 91"l d liJ i I

11leJmm hL 'illflffllf11d~l'WU'W mY 'Yl !"]j'fleJ fl111l1d1'lJeJ'I'lJeJ'I l'Y/j;! 'W'YleJ 

4.2 f11dlffmu~~'Yll'1eJeJfl f11~llUd~ff'Ylifl111l~1'W'Yll'Uf11dl'YIj;!~'Yl1'1eJeJfl =(KL) 1 

l~tllli~'W tlUdU 'il'1'lJeJ'If11d l~eJll~ eJd~'YI';il'1tl'lI~Ullj;!~l'i eJ rimfu f11d lfftlleJ~~'Yl1'1eJeJfl m l~l~tI 
" 

i ~'YI ~fl f11d l~ tl1tlUf11 dIfftlleJ~~ 'Yll'11.fll 
, 'JI I 'j/ <II 

4.3 f11dlffmu~IUeJ'I'illflrl'Wlim!llPi~l'i eJj;!~j;!'Il'i'Wli 't 'W mwu f11~llUd~ff'Ylnfl111l 
'j/ , jI I , 

~l'W'Yll'W f11dl'YIj;! ( KL ) 'il~~'WeJ~tlUfl\PIdlff1'W'lJeJ'Il'ieJlinrl'Wli'YllrllPi~j;!~j;!'I ~'Illff~'IH't'W~uli 

2.21 . .~ 

11jeJmlUfl\PIdlff1'W'lJeJ'IrI'Wlim!11Pi~'lJeJ'Il'itJ 1l~1 'ffl1l1dtlUl1l1mf11 l~ llj;!~mf11d 
1 'j/ I I 

IffmeJ~ lUeJ'I 'ill flrl'W lim!llPi\PIl'i eJj;!~ j;!'Il'i'Wli 1~'illflffll f11d 

2
K y (2 - 21 ) L_ 

2g 

, 'j/ I I 

4.4 f11d lfftlleJ~IUeJ'I 'illflrl'Wlim!llPi~l'ieJf1eJtI '1 j;!~j;!'1 't 'W l'ieJ·lfU~lif1eJtI'1 j;!~'lJ'U1~ 

f11d~t)jlfftlfh;i'l'll'W 'lJm'lJm 1'YI j;!'il~If1~~'W i 'W"I11'1~i:ifl1d lU~tI'W 'lJ'Wl~'lJeJ'Il'ieJ ff1'W 't 'U"I11'1~ llin 

f11d IU~ tI'W 'lJ'W 1~ f11d ~t)j Ifftlfll ~'I'Il'W 'il~ ~t)jlfftlm1jeJ'WtlU f11d ~t)jl fftll~ eJ'I 'illflfl111l1fftl'Yll'W 

~ '1 '1 91 "" • 'I' 91 ''''''' ... 0 ~.I ~ 0 i 91
1iddll~l C]f'l !'Uf11d !"]j''Il'W'ilH'1'ff1'U !fl'l'lJeJ'I'YleJ'Ylllf11dj;!~'lJ'Wl~ llfl'il~'Yll11J'W~um1t1 C]f'l'il~'Yll 'YI 

f11d~t)jlfftll~1l~'W1l1flfl':hllUUf1eJtI'1 j;!~'lJ'W 1\PI 1~tll'i'1l Ull~1l'itJj;!~'lJ'W 1~1~'W ~um 1t1 :Wfl'il~n~ll 

'lJeJ'Im1t1eJ~'t'W"I11'1 20 il'l40 eJ'IrYl rimfumd mf11f11dlffm~\PI 'il~'t~ffllf11d~ (2 - 19) llj;!~'~ 

f11~llUd~ff'Ylif11d~1'W'Yll'Wf11dl'YIj;!(KL ) 'illfl~U~ 2.21 
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I ~, I , 

4.5 fll'jtiYeH~~tUtJ'J 'il1fl~'Wl1'11Ul\9i~fhHVhn1'W l1 tiitJ'UtJ'J1 'I1fl1 'I1fl~l'W 'il1mitJ 
~ . 

'U'W1~t~fll'u1ci'VitJ'U'W 1~ 1mu m11Jt~1'UtJ'J'U tJ'J 1 '11 fl'il~fl~fl'J ~'JtJ'W m1lJ~'W'U tJ'J'UtJ'J I'll fll1'VitJ 1mu 
'" u " 

, ~ I Y I I 

'il~tVilJ~'W 1l~1 'W'lh'Jmflm1lJ~wj'J 1~tVilJ~'W l~tll1'Wl1 rV'l'j1~tU tJ'J 'il1fl'UtJ'J1 'I1mn~fll'jil'W1J1'W 
~ . 

1'W'lh'J'l1'W 1J1fl ~'J.yh l11'tn~tiYtIt~~1J1fl 1~tI~Tff1J1h~fffl1ifrj1lJ~1'W'YI1'Wfll'j 1 'I1fl (KL ) tUtJ'J'il1fl 
Y I I I I j/ I • 

~'Wl1'11u1~~'VimVilJl1'Wl1 '111 1~'il1fl nJl1 2.21 fll'j'l11~lfll'j IiYtIl~~1 UtJ'J'il1fl~'Wl1'11 U1~~'Vi mVilJ 
'" 

11'Wl11:Y11J1Hl1~1:YlJfll'j~ (2 - 19) 1~ ll~l'WmwtfV ;itJ m1lJl~1~t1J~tI'W1l1Jfl'J~'Jii~mhi1J 
~ ~ 

(VI - V2 ) ~'JtJ'W1:YlJfl1'j'l11fll'jliYtIt~~ ~'JI~t!'W1~~'JU 

(2 - 22) 

, ~ . , I j/ I 

, .e::::::t. ~ d j} Q.I 

fl tJ tI'1I'V'llJ'V'l'W 'YI'11 'W1~~ 1:Y11J1'j()1~1:YlJfll'jn1J fll'j liYtIl~~tUtJ'J'il1fl'Vi mVilJ~'Wl111U1~~ 1~tlll1''Wl1 
I I ,l I QI QI' ~.ci tjJ QI I ~ 

ll~ fll'U tJ'J K L 'U'W tJ ~fl1JlJlJ e 'U tJ'Jm1t! llfl~ tJ~ 'j 11:Y1'W 'U tJ'J'V'l 'W'YI'I1 'W1~ ~'U tJ'J'YItJ'YI'J 1:YtJ'J 
~ '" I j/ I . 

"" .,g1~t!~lfflJ1J'j~ff'YIiifll'j~1'W'YI1'W fll'j 111 fl ( KL ) IUtJ'J 'il1fl~'Wl1'11U1~~'VitJ~ tJtI '1 l'V'llJ'U'W 

1~1l1:Y~'J111'W'j1J~ 2.22 
'" 

't11111''UtJ'J1l1mn~fll'j~'W1J1'W fll'j'l11~lfll'j liYtIt~~ 1'W.,rtJ~tJ'UtJ'J'VitJ llfl~11~1 

(2 - 19) 1~tll~1:YlJ1J'j~ff'YIim1lJ~1'W'YI1'Wfll'j111fl(K
L

) 
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IN 

5. mn'~ H - Q 'Uf),n11J 

'" 
mwJ H - Q 'l11tl Q - H Curve ( Head Capacity Curve ) 't1tl.:jUlJ fitl m1vJm"1l.:j 

m1lJfflJ~t.nr'i~'l1i1.:j -rr~'i1f11'iI mH1Ul~1l~~lJff1lJ1Hl'vhHU l~ i.:jlllPi-rr~'i1f11'i I 'l1 'l1~'U ~'U 60.:j 

'" 11) ;.; t dI '" J .% '''' _I' '" 'I '" ,
tl~'i1f11'i 1'l1'l~.:j~ll'\Jtl.:jUlJ'U'U C)f.:jJ;jn'l:lW~m1l1 H - Q '\J'Utl~nU!u'i1.:j'ln'l:lW~'\Jtl.:j IUWll 1'lf'U 

f111lJ n11.:j '\J tl.:j'lftl.:j 'Vl1.:j lUll 'U tl.:j H1'tJ 'i ~ r1U VI fl''Vl1.:j'\J tl.:j'\J tl.:j l'l1 'l1~flf1l 'l1 ~t11tltln1l1n t U~11.. 

. '" 
lufi 2.23 m1vJ H - Q '\Jtl.:jUlJlC)f'U~~ntl'llluuIPi1.:j "l 

~ .d QJ ~ ~ ~ tI 
't11Jl : lmtl.:jfl'nll tllllJff'U !'i1l'U : 2537: 'U. 111. 

q 

" " tl~l.:j I 'i~~llJ 0.:j1l1J'i1m1vJl'l1~lij 1l~llffll.:j~n'l:lw~f11'iVi1.:j1'U~.:jlllPi-rrm1f11'i I 'l1'lI~'U ~'U 6 

'" " '" 0.:j-rr~'i1f11'i I 'l1 'lff.:jffllff1'l1-rUUlJ'l!'U lllPi~l:Jl~'l1lJ1t1m1lJi1UlJ~.:jn~11u-ll'tJt,*.:j1'U 1~~~'ltlll 
.. q 

, 'j/ "" , 'j/~ 

'lf1.:jf111ffll.:j t'U m1vJu'U Vi'.:jijl'W'i1~f1-rr~'i1f11'iI 'l1 'l1Pi1.:j "l l'l1 ~lijUlJVi1.:j1'U l~tl~l.:jij'tJ'i~iY'Vl~fl1'W 

I ~1:J !'vh r1'U 

'" " " 
ff1'l1-rUUlJllUll Radial Flow U'U ~n'l:lW~'\Jtl.:jm1vJ H - Q ll~oli'Utl~r1Unj~l.:j~n'l:lW~ .. .. 

'\Jtl.:jtu~ll ~.:j~llffll.:jHt'U'j'tJ~ 2.23 'i'tJ~ 2.24 a llffll.:jt'l1'llf'Ui1 lrltlm1lJn11.:j'\Jtl.:j'lftl.:jltlll.. .. 
, .1 _I "'.J 'I 'JI '" 11) • 'I ",.d d 'JI 

'i~'l111.:jH1u'i~nUlJ1nnnYl H - Q 1l~llU'U'i1U ll'l~ l'l1tl~'i1f11'i 1'l1'lff.:jf111 !U'W1l'VllJm1lJn11.:j.. 
.::"t '.1.1 w 'i 'JI d 'I '" o:l d 'I 'JI !II .J ' 'I 

'\Jtl.:j'lftl.:jlull'i~'l111.:jH1u'i~nUllf1U m1lJ !m'\Jtl.:j'\Jtl.:jf1'i'jj I1J'WllnlJ~'l I'l1lff'U m1nllU'U f111 !'U 

mW~11.:jf11utU~1l t 'Ull'U1fflJ~ffr1U'lftl.:jltlll~fl''U6 ( 'i'tJ 2.24 b ) llJ;j~tU~1l~ijf11UUtltlll~t'l1'.. .. 

lff'Um1vJ~'Uni1tu~1l~ijf11UlJ1n (!'tJ 2.24 b) m1lJll1J'Ull'l~m1lJ~'U'lJtl.:jm1vJH - Q ll~ij~'l 
I r:'I I , 

IPitl-rr~'i1f11'i I 'l1J;jll'l~I~llf1 I~1l1nUlJll~nIPi1.:jr1'U lijtlm1vJl~1l'IJtl.:j'i~U1Jl'tJ~t1'U1l'tJ'l.:j 1'tJ1l1n'Vitl 
C)I I , I 

tltlnllUU Hl~lJ n~11fitl UlJf1ijm1vJ H - Q ~'U 1l~ijf11'il'tJ~t1'Ull'tJ'l.:jl~1llJ1nni11'tJ~t1'Ull'tJ'l.:j 
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5mltl11~h'm'ltJ'Yll~\9lHtltJ,jll1 ~lI~limwJ H - Q 111JtJlldhll1lJJ~tJtJm.J~~5\9l11tl11~1J 

lI1f)fyhJJ~tJtJllJJ~~lg~ 
91 I , , rn , 

~~'I!tJ 'ltJ~ltJYi~fl,;jtl11i'f1",mg~ 'l..rlimll1fl~YimJm111fl~~fl11l~flf1iJlIYilimwJ H - Q 

111JtJ '1 tJ'Yll~\9lHtltJ,jll1 ~ll1'JtJ ~ltJ~~fl~f1n 'l..rli5\9l11tl11ff1Jfl~~ ff~l~ffllfl ~mlll~l~flf1 '1oM'~lI~.. 
limwJ H-QitJ 

m/'),J Ilh
00 .~ 

II 

®~~,,~ 
(a) 

I) 

@ "t=
f.) 

@ ,,~
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6. fl~l'rhEl~'UtI.:j~~1J1J 

... .1 a ... .Idl QI ~ f QIQI 

mll"l!~~'U~N~~1J'lJ ( System Head Curve) fltl mll"lt]f~!!ff~~fI11lJfflJ'W'W1i'j~1111~tl~~1 
1(/'1/, I 

tll~Lml~1'W~~UUniJ!~m1lJ ( TDH l1~tl HT ) l1~tl 'W~~\l1'Wii1JlJlI~¢itl~!~lJl"'!!ti'Utl~m{l1!-Wtl 
, 'j/ .:::::. lfI ~ Q,I d ~ 9J GI 9Jdl d , .a Jd I 

fltl'mfl~tll~ m{l'W'W 'W{I~~l'W'Vl1JlJlI~~tl~ mt]f\lUtlmU'WfI11lJff~'Utl~!!m'Utl~m{l1 l1~tl !~~ lJfIl.. 
, Q,I Q,I 1 ~ 

!'YI1fl'tIH{I~ 1lJ'Utl~'W{I~~1'W fftl~tltm fltl 

6.1 fI11lJ~1\l'j~~U'Utl~'Utl~m {l1~,jmtl'Yitl~~!!{I~'Yitl~ltl 11~tl !~~ff(l~~1lJ ... 

6.2 'W~~~1'W ~ ffnJ!fftlL,j'1 'Wtll'jL11 {IHl'W 'j~U1J!t1 tl~1I1flfl11lJ'tJ~ 1'W!ri''W vitl 'j 1lJnU... .. 
tll 'j ffnJ! fftll'W tl,jmw~ ~ Uu 'Yi tl 

... .. q 

-e 
\!lflfl11)Jtltl 

(Friction Head) 

________ '3...."e.~_ 

n111'1LlJf11l€l ~1 :uu 
(System Head Curve)~ 

... .1 ~ I Q,I ~ ~ 1_1Q,I 

mll"l!~~~~UU ( System Head Curve ) 1I~'U'WtltlflU{lfl'l:JW~tll~~~~~!!{I~ff1'W'U'j~fltlU... 
" .

'Utl~~~UU~UUl l~t1~fl'l:Jw~mlvJ'Utl~~~UU lI~!!U~L¢ll1mtl~fl'l:JW~ mY! !'If'W ~~uuiiL1Jlh~~ 
, j/ I I 

.:::to .do Q,I ~ ~I .d a III:!l <t 
ffflm~uu 'VllJ m!~~ fffl~!!~ ~fI11lJ H~ 'j~UU'Vl !~~! 'W tl~ 1I1fl!!~ ~~\l~~ 'Utl~ ~ {I fl ... 

I j/ " 

~h'W ~~ Uuiiiil1~!~~ ff(l~!!{1~ !~~fl11lJ'tJ~ 11 ~!n'W ~~uu ii~~~u'U tl~!l1 {l1¢l1'W ~~ tl~~ lfl11 ... ... 
~ 'j/, , I (Ill

'UlJU{l~~l'W1I1tJlI~tltlff\lf1111JlJ...... 
dd.a

!!{I~~~UU'VllJ!~~!'Wtl~ 
Cl 

'illflm~~~~~'Utl~1{lfl... 
?t dd

1I~!1J'W'j~UU'VllJ!~~ 
I r.rl I fN 

fW tl~ 1I1fl!!'j~~~~~'Utl~l{1fl 1~m~~u'Utl~'Utl~m{l1¢l1'W~~ff~fl111JlJ!!{I~¢l1'W~ltltl~~lfl111JlJ 
qJ qJqJ qJ 



44 
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m1vJ!~~'IJtI~ 'j~lJlJ ~ihh'Hjm 1fll'jI '\1 ~fl'j tllJfl ~ •lJ'Yl•n(;'fml~fll'j l11HU ~~'lhfJt M' 
w • 

(;'f11J1'j(H~tlnillJ l¢i'mh~m:lJ1~(;'flJ n~11~tI !jjml1m1vJ~~n~111tJ!~fJ'U lJ'U mn(H~fJltilJ 
w. w 

m1vJU(;'f~~m1mYlJ~'Ui'5\91'j1fll'jlmlfl1J!~~ '\1jtl m1vJ H - Q 'IJmiJlJ~~fim1vJ H - Q 'IJtl~iJlJ 
• w • 

f~nlJm1vJ!~~'IJtl~'j~lJlJ ~~!~'U~~fiillJl11~1'U (Operating Point ) ~~~ufi 2.27 1~fJun~m1vJ 
~ dil dQ,l I \f)iJ9J Q,I~Q-Q 

H - Q 'IJtl~illJ~~lJ!(;'f'U!!'i;'I'~~u'j~(;'f'Yl1im'V'l'Yltlm1\1lJ\911~ '1 !d~lfJ ~~'U'U m1vJ!~~'IJtln~lJlJ~~ 
w w " 

'lilfJt M'(;'f1:lJ1'j(l!~tlniJ lJ t M'fll'j l1 1~1'U 'IJtl~iJ mr'U ih.h~ ff'Ylnm'V'ltl~t 'U 'j ~ \1 ~\91 ~tl~'lil~ n~ 1fll 'j 

o .d~ 1IJ~ 
'Yl1~1'U'Yl\91tl~fll'j ~~ 

--
r- fl''''l1l\ I:Q (ll-Q <':·.l(...t: , 

1 
1 
I 

\I 1 
'--- LIlnU<ci.AJ:" I 

I
I ___--J''---..' _ ! 

• w w 

1'l1n 2.27 U(;'f~~fll'j'l11~~l11~1'U'lJtl~iJlJ1~fJtoNm1vJ!~~'IJtl~'j~1J1J!m~m1vJ H - Q 'IJtl~iJlJ 

..; '" '" 'i'T1111 : l\J~fJ \!t1!fJ1i ~'jfJ~ : 2529 : 'U. 66. 

I I ~ ,rd 
.et, 9J I .e::t~ 0 a Q,I d 1.1] 9J ~ 0.::'1 9J 

~ln'YlnmlU~111 ~~ 'YllJ lJ'Yl1 ~1'U '\1 'j tltl\91 'j1fll 'j (;'flJU~~!~~'Yl ~~ ~ ~ mnlJlJ ~l!lJ'U \91 tl~~ mn.
 ~ ~ 

w 

~~I'i~'j~'\1';h~m1vJ H - Q 'IJtl~iJlJ U~~m1vJ!~~'IJtl~'j~lJlJ u~1~fJun~u~llJ1,;r'Yl~H~\91~~lli 

'Yl!'jfJnl1 Pump Characteristic Curve 'I1'itJ Performance Curve 

U(;'f~~m1vJ H - Q rWfJ~mh~!~fJl!'V'l'j1~~~ lli'li';lfJl'Ufll'jl'i~ff'U t~!~tln toNrvh l~'I!n U~~~ t M'm1vJ 

d ,.:It 9J 
U(;'f~~'j1fJ~~WfJ~tlfJ1~tl'U:lJ1~lfJ 

I

!'If'U 
J Q Q 0

1 'j~(;'f'Yl1ifl1'V'lfll'j'Yl1~1'U , 
3J .cd 3J 

UH:lJ1'Yl\91tl~fll'j 
?I fj/

!lJ'U\91'U 
... .1

m1l"l 

e: G) ~ d .et.e::t I a 
m~l'U~~'jllJ!(;'f'Utl !'UUfl\91\911~tln 

~~l'ilmh~t'U'ju~ 2.28 
~ 

I 
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['-rJ' l 
ec It>Ot---f',w;..;....;:-~:!::;;~7<::;...;..-' ~;~:::::-"'-~,~r--

• w 

1'lHi 2.28 ~1t1~1~f1'jlvJ!!'ff~~~m:1W~fll'jlh~1'U'\JtI~lllJ (Pump Charateristic Curve).. 
.:t "" 0' '1'tun: l'1.HW 'IJtlJtl1i !'jfHl: 2529: 'U. 141. cu q u q 

d 0 

7. fll1lJl'jl~11l'l1::: . .. . 
0 ~ GlCJ} ~ 0 0 ~ d j} Q.I'1 'U fll'jf11'U1W t1t1f1!I'IJ'lJltltlf1 !'IHfl'jtl~~'IJ'Ul!! 'IJ'IJ Centrifugal 1l11lJ'Ul1 ~~fltl~l1'jl'IJtlfl'jl 

fll'j~'IJ ,'j:::~'IJfl11lJ~~ '1 'U fll'j~'IJ !!tl:::'jtl'IJfl11lJl~1'\JtI~ '1 'IJl~~ 1~t1mllJ'ff:::~'Jf1 t 'U fll'jlll'U lW 
.. . . 

t1t1f1!1 'IJ'IJ'ff11Jl'jfllhYi'~ 'ffllJ~ll!'1..h1Jl'jllJn'U 1~t1 t lfi~~ll!'1..h t 'lui l11~tlf1'h mllJl~l~llm~ 
~'" ~ .,-1

( Specific Speed ) C]1~I'\JtI'UllJ'U'fflJfll'j ~~'U 

rpmx51.64x~ , ( 2- 23 ) 
'H 0,75 

T 

"j 
IlJtI 

"l do'N fltl fll1lJl'jl~11l'l1::: ( M'Ulti US )s 
"l 

rpm fltl 'j'f)'IJfl11lJl~1'\J'f)~ t'IJvr~ ~'U 'j'f)'IJlPitl'Ull1 

"l 

Q fltl Dfl'jlfll'j~'IJ 1~'U'Jf1'IJlffnllJfl'jlPitll'Ull1 ( m3/s ) 
• w 

"l 

HT fltl leJ~'jllJ ( Total Head) Yi~t1~fll'j'llflllJvh~l'U1~'UllJfl'j (m) 

filfll1lJl~l ~l 1m::: i:Jt'If!~'U mllJl~ l'\JtI~ Ifl~ t1~ ~'IJlfl IIIPiI~'U ~lm'\J~ t '*1i~iO~flfl 'j 1 
.. .. w 

fll'j'ff'IJ , 'j~~'IJfl11lJ'ff ~ '1 'U fll'j 'ff'lJlJl~'U lltl:::'jtl'IJmllJl~l'\JtI~'l'IJvr~l~t1t ,*t'Ufll'jI~t1f1lllJ ~~'j'!.J 
cu cu cu cu 
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• I iI I 

Vi 2.34 i~llff~~mlvJ'\JeJ~filth~iY'Yliim't'l'\JeJ,mI1em.!ml1 tiUfh N (MU1tJ l!S) ff1'Hf1Jlrt1eJ~s 
" .

ff1J'l11'lfiJ~IlHl'HitJ~ ( Radial Flow ) 'lfiJ~ i mW-lff:lJ (Mixed Flow) 1l(l~'lfiJ~imWI1:lJll'lJ111fl'lJ 
'" 

, " " 
(Axil Flow) 1~tJ'lh~'\JeJ~~1 N ff1'Hf1Jlrt1eJ~~1J'l11'lfiJ~~H '11~'lJ~~~eJiui1s 

. " .o Q,I ~ 0 ~.do 

500 - 5000 fflM'i 1Jlrt'ieJ~~1J'lJ 1 Centrifugal 'If'lJ~1l HIM 1tJ~ 

, " 
3500 - 10000 fflMf1Jlrt1eJ~~1J'l11 Centrifugal ')j'iJ~iM(ll'lff:lJ 

. " 
10000 - 15000 fflMf1Jlrt1eJ~~1J'l11 Centrifugal 'lfiJ~ iM(l\PI1:lJ1l'lJ111fl'lJ 

~ IOOr' 

,\.~ 95 .....E-----~'-~--~ 
~. 90 F----+--::r'c::::::.r----;------1~::..w...r.:--+_~...::lIo."doL-~ 
(4J 

-,~ 85::F--~~---j.--;-----T-_r__+~_+__+_t_i_-__: 

~ 801... --.£---..... ,-~---'!"--+---t__~--t_t__i__:_;_-""""i 

f2 75'-;+------+--+
-(0 
~ 70 F------+----'-----:---'----+-~__r_ji______i 
~ t: 651-----'---f--+---+_-+-+-+-+-!-+-r--........ 
? 60; J' 

o o 
U1 

. . " 
3tH1 2.29 m lvJ'\JeJ~rhu'i~iY'Yliim't'l'\JeJ~lrt1eJ~~1J'l11MeJtJ 1~~ti1J~lrt11:lJ1~1~11't'l1~ 

d d QJe:f ,.. 0' 
'fIm : Imtl~f1fl~ eJ~:lJiY'lJ !'i'il'lJ : 2537: 'lJ. 116. • 
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1. m~'Uijfl\l'U ( Cylinder) 

.... 1 r:I 0 ~ ~ r:I ~ .... 1 clod .::'1 
{JumW'YI1~1'W'j~lJlJ'W1H:lJ\9lflff (Pneumatic Working Elements) 'H:lJ1tJfN {JumW'YIlu'W 

19i1t1J~ fJ'W'V'l~~~lW'l:lJ~~ t,rl~'W'VHr~~l'Wfl'l ~~19i1t1J~fJ'Wtt1J'l~'V'l~~~1'W~tl'O 'lflfflJ ~~'il~mrlfJ'l:lJ 
'" '" 

lil'W~'W fh~~ 1'WfllH11t ,rti'l~'O'W ~l 'WH'W 1l~'W\9l'j ~ 

m~lJ'OflfflJiJ1tt:lJ~mYtil'W'01JmtU~ 'V'hm!l~ t1J~fJ'W'V'l~~~1'W'U'O~i'l11:lJ~'W'l:lJ ~~ln~'" . 
"j <V 'I ~ ~ <V dll] ~ ,1 , <V ~ I 0' 

'illflli'l'j 'O~'O~'l:lJ ~ 'H l1J'W'V'l'l~~l'W fl'l ttH'YI !~'illflm~lJ'OflfflJ 'il~'U'W'OfJfllJ'U'W l~tff'W Hl'WfY'WfJflm~ 
'" '" '" 

'U 'O~ m ~lJ 'Ofl ~lJ tt'l~i'l11:lJ ~'W 'l:lJ ffl:lJ1'j f1 tt~~1J 'j~tfl 'YI'U 'O~m~lJ 'Ofl~lJ 'O'Ofl1~til 'W fll'j ti'l ~'O 'W ~l 'W 

tt'W 1t~'W\9lH U'l~fll'j ti'l~'O'W~lllJlJ Hfli~ 11Jmt 'WU'W 1'H 1:j'W m~lJ'Ofl~lJiJUlJlJ~l~"1 :lJ1fl:lJ1fJUlJ 

" .'i' ~ <!l 1I],1,;j 'i' ~ '" '" '" ~ d '" 
'illfl ~ i'lHfll'jff'jl~'V'l'Wjl'W !u 'il'Wf1~ ~ i'lHff'jl~ttlJlJ'V'ltfYll m~lJ'Ofl~lJ 'If'W~ff'O~'YIfY'YI1~t1J'W'YI'WfJ:lJ 

1~ti'W '0 dl~fl11~ 'U11~ ~ff~• 
1.1 'lfiJ~'U'O~m~lJ'Ofl~lJttlJlJ~l~"1 

~ 0 do 91 
1.1.1 m~lJ'OflfflJ 'l:lJ'If'W~'YI1~1'W ff'O~'YI1~HlJlJ:lJfll'W 

'" 

_I.ci ~ 0 d IjJ IjJ

31J'n 2.30 m~lJ 'Ofl~lJ 'l:lJ 'If'W ~'YI1~1'W ff'O~'YI1~ HlJlJ:lJ fll'W ~lJ ff'O~'Ul~ 
I 

.c:I .... 1 ~~ 

'n1-1l : ul'Wt'V'l'lf'j 'If'W'W'YI'j : 2541 : 'W. 84. 
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1.1.2 m~Uflfl~U'lfU~l11nl.,I'Vlfl''Vll~!~rJl(Single Action Air Cylinder) 

.}4 ct,: IQ1AJiA~v v v 
aqJ~m~n1 

JtJ~ 2.31 m~Uflfl~U'lf'l1~l11~lUVlfl''Vll~!~rJl . 
"i I """" f1jJl : t lUI'W'lf'j 'lfUU'Vl'j : 2541: U. 86. 

" 
m~u fl fl~U 'If'l1 ~l11~lU V1fl''Vl1~!~rJl 'If'l1 ~ fftJ~ ~ ~U fl"U m~ufl fl~U 'If'l1~ij ~~ij1 (1111Vl rJ~ 

1~ffl~fu i ~(l1I-er~ l,rl~U (lflffUi ~~~flflfl rilU .u~~l~tlflrJfl"U~~fl"U$i'lrJUH'Ufl~fftJ~~ .. .. 

1.1.3 m~UflflffU(l1I'lf'l1~l11~lUfffl~'Vll~(Double Acting Cylinder) (lflffU'lf'l1~.. .. .. 
., " o Q.I Q.I GJ Q.I a j) .c:!I 0 i 91d 0 ltJ j) Q.I A 

'Vll~lU fffl~'Vll~(llIfl~ 1J~\OIU tU 1J~~l~m flUI'U1U(l~mflU flflfl'Vll ~lIU'j ~'Vll~ lU !~'Vl~fffl~'Vlfl''Vll~ 

Q.I Q.I d91 GJ9I t Q.I ~ a 9J 
I~ lJ1~ flU(I flll W~~lU'Vl1Pl fl-:l fll'j t 'lfU'j ~'Vl~~~~l~m flU fl flflU(l~I(lflUI'Ul 

1tJ~ 2.32 m~UflflffU(l1I'lf'l1~l11~lUfffl~'Vll~ 
~ .. 

..; 
f1jJl : 1I~~(I mVlm~ : 2527 : U. 32. 
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o , 

2. fl1'Ull'U1W'H1Alfl1~'UOnq'Ui,'I'lI 

II H~'U~ln"~'Ufl1~h.! m~'I.HlfHY'IJ ll~~ ri~ ~~1J1iJ'Hi'l'U 'ff'IJ ~'U miti'IJ'\J'U 1"1~'U ~1'U
'" '" '" 

fl l11J~'U '\J tl~ ~ 1J5" II ~~1l1 ~~l'U \I 1flmllJ IiY~"'Vll'U '\J tl~ ~Ufl1W ~~~ N G"j 
• 'jI 

'ffI'll l''IJ ~ fl 'ff 'IJ '\J tl ~ m ~ 'IJ tl fl 'ff'IJ 'ff l1J11 fImilH l1 ~ fl 'ff'IJ , ~~~ U 
eu cu eu	 cu cu 

F	 1t D2 X P (2- 24) 
4 

2.2 llH1'U~~'l11~~fl~'IJ1~1,r1 

F	 (2- 25) 

F
 

D
 

d 

p 

film ~~1'Uli1tl~\JlflmllJliY~"'Vll'U~filU1~1J1W3-10 % '\Jtl~IlH~fl'ff'IJ~1'l1'U1W'~ 
'" '" 

'Vll~'Vlq'l:l~ i'Umw~mllJ11'W1~~1'Wtl~1~W;h~ 4-8 'IJ1{ 

, .., 
3. fl1111UnV1-3Vn'U0-3gnq'U 

fll11J~11'lh~'iffl~~tl~fll1'ffl'l11''IJi ~~1'W '~m1\J~~11In'U 200 1C)f'U~11J~1 1'W11~';hfl~11 
'jI	 • 

fll1iY'WIU~tl~~1J \J~ '~m1J1~ 'fflJIW~ '~U1~'l1 iJ" ~~111tl~1J1\Jlfl'\J'Ul"'\Jtl~~fl'ff'IJ1'l1t1iln'U'U'l11tl 
'" '" ... 

, 'JJ I	 I 

'lil~'iffl~11In'U' U,:r'Ultl~ 'Wtlfl\JlflU1'W mWl1'lil~~11In'W' uiJ~~~~5'U ~'nmi1tl~\Jlflfl"~tl'\Jtl~ 
fj)	 fj) ,. I d 'j) 1 cI j} dd 
fll'W~'IJ ( Bucking ) "1~ ~"mtl'Wl~tl~l~~~ 'U'Wl"I'ff'U~l'U~'W~fl~l~'\Jtl~fll'U~'IJ'VlmflG"j 1l~~mllJ 

1 QI d j} j} d j} c:'J j} ~ "l_1 d ..:9 

ml'lfl~ 'lffl~111J1flG"j \J~ 1J ~~"1'W fl l11J1fl 'W'Vl fll'U ~'IJ II ~ ~ \j'lffll'W ~'IJ1J1mfl'W ~ lJ~111~'Vl fl.5 II 'ff"~f1 ~ 
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, 

m~Ufltl~U'll'iJflVirY'YI1~I~tll 'll'iJflff1J~~~'Umlu 'lJ'Ulflm~Ufltl~U 20 lHJ. 'Vi 

fll11J~'U'l oH~l'U 5 fiLr:ltli'1JI~1l'n~IC)f'U~I1J\W:i 'il~ 1~1l'S~'lJfl~f11'U ~U~'U ~~'111~~'Uflfltll'yhnu 14.1 

ii1r:ltli'1Jm ~ llr:l~m~'lJfl~ff1J~~ 'l'U~~'I11~1~1J~'U'lM'f11'UffU'I1fltl"UIVhnu 1.6 fiLr:ltli'1J llr:l~ll'S~ 
'U 

o '1 'j/ 11) 'j/ ""'1 '" 
m~'YIl ~'Ull'Ul11tl'U'lJfl~tl1'UffU~flff~fffl 0.67 tl ~r:lm1J 

'U 'U. 

'I 'U m Wm ~UfltlffUVi rY'YI1~ 1~[Jl'll'iJ fl ff1J~ ~ ~'U flfltl ~ ij'lJ'Ulfll~'U ~1'U rY'U 6tlm~ 
'U 'U 

'" 'I 'j/ '" 11) 'j/ 'I '" ~ '" '''' ""'1 '" 11)'" 'j/ 'j/
llr:l~fll11Jfl'U 'll'~l'Ulfl[Jltl'U 'il~ ~flllH'lJfl~tl1'UffU 'U'il~'I11~fl~tlr:lUI'YIltlU 8.9 tl ~r:lm1J llr:l~ ~fl 

'U 

... I~ ~, j/ ... I~ a, ~ " QI j/ 1 Cl.I Clo<j' Q.I ::'I j/ 

llHffuHI'S1JI'l'U 2.8 llr:l~ll'S~ffuHI1Jflff'Ufffl'il~'I11~1lr:l1I'YIltlU0.5 tl ~r:lm1JllH IlJ'UI'l'U• 
ocv ~..:::t. 911 ~ Q,I 

ffl'l1'SUm~UfltlffU'll''U 20 fl111Jfl'Uflfffl~'YIrY'YI1~'lJ'Ulfllff'U Hl'UrY'U[Jtlr:ll~ 1J1J. 
'U 'U 

'IoH~l'U 5 nLr:ltli'1JllH!l'll'SllC)f'U~I1JI'l'S 'il~ 1~llH'lJ't)~m~Ufltl~u'l'U~~'I11~~'U flfltllvhnu 15.7 

ii1r:ltli'1J llr:l~~~'I11~ffU'I1flnUIVhnu 11.7 fiLr:ltli'1JllH 1~'U~'U 
'U 

fl1:tJilnf1Jil84;;A1114 

Will;1\i,i!1J llWlll1Uil1J !IWtm\l,i!1J !Iite1 .. ~ ~ 

"'!u'tail~i1i14!;"1 
. .. 

Wl~ Ll1Ifl'1 !Jfml!J 

M:tJilfliftJ• 

~ W ~ i3)(3131.) 

t'14inJl19l1flU (SIJI.1. . 

12 5, 10. 15. 20. 5. 10, 15. 20, 5. 10. 15, 20, 5. 10, 15, 20. 

16 25,30 25.30 25.30 25. 30 

20 5. 10, 20. 25. . 5. 10. 15.20, 5, 10, 15.20, 25. 5. 10, 15, 20,25. 
30, 35. 40, 45 i 25, 30, 35, 40. 30. 35. 40, 45, 30, 35, 40. 45. 50 

25 50 45,50 50 
32 5, 10, 15, 20. 25. 5, 10. 15. 20, 5, 10, 15,20. 30, 5, 10, 15. 20, 25, 

30, 35. 40. 45, 25, 30, 35, 40, 35. 40, 45. 50. 75, 30. 35. 40. 45. 50,
40 50, 75, 100 45.50 100 75. 100 
50 10. 15, 20, 30, 35, 

63 10. 15. 20, 25. 10. 15. 20. .i.5. 40. 45, 50. 75. 100 10. Hi. 20. 25. 30.30. 35. 40. 45. 30, 35, 40, 45, 

80 50. 75, 100 50 35. 40, 45. 50. 75. 
100-

100 

5, 10 5. 10 

5. 10 5, 10 

~ 10 ~ 10 

10. 20 10 20 

, 

..i "" 'fI'lIl : 1J~flr:l fll'YIflltl! : 2527 : 'U. 40. 
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Q ..::::s, I I t:!l I.o=::t. .c:!..J J IQ,I 

ml11!'.i 1'U f)'l mH"'lJlll~ '.i ill 'W llmf)f.l'.i~'I11N 0.02 tN 1.0 !ll~'.i~m'W1'Yl C)f'l'U'Wf)f.lfl'U.... .. .. .. 
>J 

1~ f.lfl11111~1'U f)'l ~ fl ff'lJ;j 'W f)~n'lJ.fll1~ ml11fl'W1~ .... .. 
Q,I ~ I ~ I 1 ~ t:!l 

'l1'W ~ll f)~ 'U'W 1~! 'ff'WHl 'W lJ''W f.lfl ~ 1'l'Uf)'l 'Ylf)~ll!! ~~'U'W 1~ ml11 f.l11'U'O'l'Ylf)~1l\I1ml~1fl1'UfJll \I'W tN 
>J • • 

~ fl ff'lJ '.i11111'l fl1'.i 'lHm)~ '.i lfll'.i i '11 ~'Uf)'l~ll fl~-Yi ~h'W 11~ 1fl1'lJflll~ 1f.l 1~ f.lfl1111! ~ 1'U f)'l~ fl ff'U-Yi 
~ ~ q ~ ~ 

J 'aJ QI 1fI Qld, rI 1fI9J 
'U'Wf)~fl'lJm1~ (Loading) U~~f)~'.ilf11'.i !'I1~'Uf)'l~1lf)~'YlHl'W11~1m<UfJlll~ 

5. 0111~lf1l~~U&tJij0~i:l1l 
>J 

f11'.imfl~'.ilf11'.iiY'W!'ll~f)'l~ll( Consumption of Air) ijml11~1!~'Wff1'l1i''lJf11'.i1~1f.lll~1l 

!!(I~f11'.if'l1'W1Wf'1l'Vnl'l'l1'W ~~f)'l 1 ~~1f.l U'1'Yl'.i 1'lJf'11~!!'I.l 'WtJ'W'Uf)'lfl1111fl'W~1 ~'l1'W 'U'W l~!ff'mh'W 
>J 

fl'W 6~ fl ff'lJll ~ ~ ml11 f.l11'U f)'l'li1'l im!~1ffl11l'.i f,)f'l1'W 1Wi ~\I1fl ffll f11'.i~f) i 'llii.. .. .. 

>J >J • 

flmlf11'.iiY'W!'ll~f)'l~ll = flmlri1'Wf11'.ifl~ x .w'W-Yimh';~~flff'U x fl1111f.l11'1i1'lifl'UtJ'l~flff'lJ 
III III III cu 

>J 

.........f1f1 W ~~~1JU1V1~!~ (2- 26)
 

1.003 

6. 0111~lf1l~~U&tJij0~i:l1l'U0~gfl\l'lJ 
>J 

6.1 fl~'.ilf11'.iiY'W!'llilf)'l~ll (Q) 

\I1fl~~'.i Q H( qs + qt ) x h (2- 27) 

f11'11'W~1..r 

Q fl~'.ilf11'.il~(lll 'I1thm~'W (N/min) 

H 'li1'lifl'Uf)'lm~'lJf)flff'lJ'I1thm~'W (em).. 
qs fl~'.ilf11'.iii'~l1 em ,j'l'l11~fl'W (push) 

qt fl~'.ilf11'.i 1i'~1l em ,j'l'l11~~'l (pull) 
>J 

o QI I e.:I

h \I1'W 1'WflH~f)'Wl'Yl 

.1'" "''I ')I., 1')I6.2 mU'.ill1W(lll'YII'll' (f)~'.ilf11'.i 'Il'(lll) 

(AI + A2) X L X (P + 1.033) X N 
Va (2- 28) 

1000 
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flTI1'U~1..r 

Va 13~lJ1w~i~ (i'IPl~~~'UT¥i ~~I'¥ifJlJ~1'!11:IJ~'UlJnfJ1fl1ff) 

L Glh~i'flm~lJ~fl~lJ (em) 
'" ."" '" ~ ~ 2

'V'l'U'VI~flfflJ~l'Ufl1'UfflJ (em)Al	 .. .. .. 
'" ."" '" ~ ~ 2

'V'l'U'VI~flfflJ~l'Ufl1'UfflJ (em)~	 .. .. .. 
P m1:IJ~'U~:IJ bar 

N ~1'U 1'U~~flffUI'! g~'U ~,13 -fl~lJ~ ~'U 1li.. .. 
D	 t~'U~1'Uff'U6fl~WlJ~~m~lJ~flfflJ (em)..	 .. 

~ I '" ~ 
d	 tff'U ~l'Uff'UfJflm~'lJ~~fl1'U fflJ (em)..	 .. 

(2- 29) 

'" ."" '" ~ ~ 111'V'l 'U 'VI ~ flfflJ~l'U fl1'U fflJ	 (2- 30).. .. .. 

• 
.a 'j/ I tI I 

6.3	 fl1~ m ~fl'U 'U 1~ tff'U ~1'U tr'U fJflm~ 'VI ~~:IJ 

"" ~ '" , .1 ., "'_I ' III _1,1I	 I I 

fl1~ t~ ~fl'lJ'Ul~tff'U~1'Uff'UfJflm~'VI~~:IJ'lJ'U~fJmJ~~l'!lJ~~fl~lJIPl1~'l 1Pl~ !lJ'U..	 .. 
_I"" '1 ~., '" '" 

6.3.1 lJ~lJ1IPl~fl1~ !')j'~lW~ (~fl1J1ffm:IJlPl~ / 'U1'V1) 

'" 6.3.2	 1'!11:IJfJ11~1:IJ'lJ~~'Yim;~11:IJ~ (l:IJm) 

, QI ,d tI 

6.3.3 I'11m1:IJ~'UlPlflm~:IJ'VI~'4ty11Pl (1J1~) 

'- .. ' " ~"~li\jI tI 

6.3.4 I'11m1:IJ~'U A')j'~l'U (1J1~) 

o tI jI I I I 

6.3.5 'il1'U1'U11~1 'lJ~IPl~ tllJlJlPl1~ 'l IPlm)~U'U1'V1~ 

7. 'H'lYtlfl1tl.:ltl'll8Y1 (Compressed Air Filter) 

j/ QI	 .d j/ d .:'1 QI QI ..!I ~ .... I 
l1:IJtlm~~~:IJ~~ (Compressed Air Filter) :lJl1'U1'V1 tlJ'U1Pl1flfl":j'U~~~~~ tl~~ff~fffllJ~fl 

9J 9J 'I I	 I <JI 

~1~ 'l	 ~1:IJvr~~~~~~lhVifl~'U~1lilJ1nlJ~:lJ5~':Ji..rihmrl1u ~1'Ut;r1'13'~ 1~fJijl1~flfl1nl1~1'U 

~~rl'~~ ~mj'~'il~t;r1lJ1f11fJl'Um~t131~(2) 1~fJ~1'U'Yl1~'YimJ1 (1) ~~ij~~'ihl..r~:IJ~~1'Ut;r1lJ1tf1~ 
"',	 . 

fl1~111<!'Ut1fJ'U~~~~~Ul u~~iY ~fffl13~fl~l~ 'il~\!flm1fJ~~~fl'13m~'VIlJ~t!~m~t131~U~~''l	 13 

. '" 
~ 1:IJ nh! tI dlPl ~ 'U rll ~'lJ~ ~fl ~ ~ t13l~ U~~ (1mb fJ~~mli ~ij ~ ~ ~lJff ~;j'U 'il'U ~ ~~~ flll1 'U~ d1'U ~'U ~~ ~~~ 

<u	 <u <u q .	 . '" 
fl'U 'l liij'lJ'Ul~imYfl11~'lJB~'~m~~mfl1ff(3) 'il~\!flnflH ~'U~~~~~~1~ 'l mrllU'il~lrlh!~TYil 
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I , 

'/l'HHJl 

fl i:::nJ l:t 

, 
1Un2.33 'YI~tlf)'HJ'IJ;1lJflfl 
'II 

..t '" 'fl'lJl : lJ'IflJ;1 tll'Yl.fl1W : 2527 : 'W. 24.• 

8. 11~lU1'U8~11fll1'fii;1 (Flow Control Valve)
 

11~1tli''IJ fl~'jl f11 "j' 'YI J;1'Y1 i tl11~1fl1'IJfllJfl11lJ!~ 1 1~1 'W f11'jtli''lJi'lfl11lJ!~ 1'\1 tl'lJ;1 f)ff'IJ
. .. .. 
'j/ '" 'j/ 1 j/ tI ~ d j/ tI Q,f Q,f lI) d1'YI !'YIlJ1~ fflJ f)'IJ f)1'.i1'l$'11'W fl H ff'j1'1 '\I tl 'I11J;11'l$'W fI 'W tl'.i ~f) tl'IJ fl1l'J 11J;11'IJ'Ifl'IJ f11'j !'YI mm~!'l$fl 

" I '" & 11] 11] 'j/", -k "I'" '" 11] 11] 'j/",
11J;11fl tl'\l'W 1'W f)'W J;1 lJ ~.;j ff1lJ1'jtJ !'YI J;1 !fltlff'j~'Yl1'1'Y1 'W .;jtm~ ff1lJ1'.i tJ1J'j'IJ tl~ 'j1f11'j !'YI J;1 !fI tlf)'Yl1 'I 

-k -k '" '" o:l 11] 'j/ 'j/
'YI 'W.;j G)f'l!'j1ff11J1'j tJ'IJ'Ifl 'lJfl11lJ!'j1'\1 tl'l J;1f) ff'IJ !fI~llJfl tl.;j f11 '.i.. .. 

, 
.c\ '" 'fl'JJl : 1J'IflJ;1 tll'Yl.fl1tl! : 2527 : 'W. 7. 
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9. Afl~tl~8~Ullmft (Air Compressor) 
~ 9J di a QI ~ ~ 9Jd~I 

m'j H~~1tI1mffU'j 'l~'U ~ltlJ'U~tl'l '1 ,*tfl~fl'l~~ fllmff GJl''ltfl'j fl'lfl~fllmff'U 'il~lJl1 'U 1'Yl H~~ 
1 I 'j/ , 

fllmff'l,r,¢{~ llJfl11lJ ~'U li 'il ~ '1 ,*'l1'U~ llJlit'j1i1~N fl1 'j 'il1fltT'U 'il~ d 'lfllmffliijfl11lJ~'U , lJU'll1fl'Yll'l 

U~~'lJU'lfllJmw~fllimi'l• 
~'lff1fitu~t;'I'~ 'l'Um'jH~~~lJ~~ ~fl m1lJt;'I'~fll~'lJfl'lfllmff t'V'l'j1dlfllmff~t;'I'~fll~J'U 

u • 

o 'l~ 'l~ <II .l.ok <!\., .1 '" 
'il~'Yll l1fll~m'j 'If'll'U'lJfl'l'QlJmw~wl tI11'U1'U'lJ'U GJl''ltmfl'lfl~fllmff'U 'il~lJlJ1fllJ1Ul1~lU 

~lJUlJlJ ~'l'l'U~if'il~flri11m'V'l1~tfltfl'l~~fllmffUlJU~fl~lJ~~i'Ut~U1 (Single Stage Compressor) 
. " t!l QJ' QI QI e:I 

9.1 tfl'jfl'lfl~fllmffHlJlJ~fl~lJfl~'lJ'Ut~U1 (Single Stage Compressor) 
. " 

tfl~fl'l~~mmffUlJlJ~fl~lJ~~,j'Ut~U1 (Single Stage Compressor) tJUlJ '1'*ti'U flUl'lU'V'lil1muij 

lJ'j~iY'Ylifl1'V'l~ 'jlf11fJfl mlJ1~ffll1i'm1'U~i1fl'lm'jUH~~fllmff'lilJ1fltTfl~fl 4 - 10 lJ1{ U~~ 

t;'I'llJ1':itld'l~lJ'l'U~~'j1d'l~lJ'¢{t;'I''lt;'l'~~fl 30,000 ~fllJ1fftlllJ~'j~fl~1ilJ'l 
'" • OJ 

" " '.nJfi 2.35 Ifl~fl'l~~fllmffUlJlJ~flt;'l'lJ~~,j'Ut~U1 
~ '" OJ 

~ ~ 
r1'l11 : lJ1q1t1J 'If'U'lflJ: 2542: 'U.16. 
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..-

tllliUll"iil 

d ~ J Jt

'tun :IJ~ty 'lfU'If:IJ : 2542 : 'U.8. 'fIlIl :IJ~ty 'If'U'If:IJ: 2542 : 'U.8.
 

10. .u0~tl1111'tnmJ 9~1 (Air Multiple Fitting) 

_I.e::t tJJ QII 

1'U'fI 2.38 'UtJ\Plfl'J1:IJ'I1'llV "1 \Pl1 . 
.::l .... 1 .o:::::t..c=r.

'fIlIl : lJ1'U1'V4'1f'J 'If'U'U'V]'J: 2541 : 'U.25. 

1i'1 'Umw~~tJ'Im'J,j'tJ~tJ'I1mv"1 ~11f1tJ~tJ l'lJV'lfJ'lJmW'l1~tJ11"1~N "1 III 1,rff~f11fl 
, .. 

~tJm'J 1~'U ff1V'l:IJ iiii'ti'IJ 1 1"1'11 'llV "1 ~1 ij't1'1'1fDfltiYV'lJff1U'l:IJI,j'lyjtJ'I1~fl U'l~'lfDfI'I1''U ~tl'illfl 

Ifl~V1~1~I,j'lyjtJ'I1~fl tf1tJ1,r1~tJfl '~\Pll:IJ~mjW~'11'U ffl:lJl'J(J'I1''U~f1~f1timnr'l'l1 ~t1ttN'Ul'I1~fl .... 
, .. 

~1Vfffll 1111,rm'JliYU'lJfflCJ'l:IJijm1:IJf1ritJ'I~1mflf.)'1~'U 
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i jI jI I 

10.1 ~flH1:Y':il~'\JtI~'\JtI\Pltl ( Air Fitting Construction) 

oUfl Hril'l1i''l.HntJll:IJ~.yh 

~1tJ i'U II tl'Ullll~ ffltJ'VHJ ilV 
'" 

, d 1"'i "'., .,
n~ '11 ~fl'IJf'111:IJ~'U'I1111V'l 

~ 
QlQJI eS 

)~~'IJ ~.:Ill~ffrurulfl1rr'iJlltl.:lf'111:IJ 
'" u u 

~'U~'Ul~ 9.9 kgf/cm2 ;ll~~ 
9J ~ ,Q,I.:!iQJ old. 

~tl.:lfl'U)11111~:lJf'111:IJtltlll ~1 l:IJtl 

Iff tJ'lJffltJ 1l:IJ loff1:IJ ltJ ~'YI~n'IJ9111 

'" i'''':IJ:IJf'111:IJ~1'U'YI1'U:lJ1fl'iJ~~tl.:l '" 

i.Yfi'~ ri1'U'lJtl.:llfl~tJ1ff~~\l~I~'U 

ri1'U~m-l'U)tl'IJ~1i~ ~rltl'll'U 

, ~ ~ 
4 .o=::!ro I old. 0 

l:IJtl fl~'I1'U ff1'U'U 'iJ~'YI1 

1,rif'11111~f'1 tllll~~tJ rl tl tJ 
oj 

'iJ lfl fl U II tl fl ffltJll:IJ 

; lr",~-J' 

,./"....: ....'---'-----"
....__._ / i;

g:--r:=:----,- ::..._. " 

~fl~fJ1 ff~~if~offl~tltJmru'l1~tl, 

jI • '" lIJjI

10.2 '\JtI\Pltl'lf'U\Pl'H~'U l\Pl ( Rotary Fitting) 
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• 

I I 'JI I 1 

111 'U ,rtl ~ el'¥i I'll :IJ1::al1N1'U Vi ~tl 'I 'I~~hHY ';I'lHfl ~ tl 'U Vi1'U II'U 1 '11 ~ 'U I'If 'U '11'U1'U 
I 'JI I "I 'JI 

M'Uflml '11'UViii~mh'UVi~tl'llfl~tl'UVi'\Jw~Vi'V11'11'U 11ltJ~'U ii'¥1'1If)~fl1~1H'lfU~~H 1l(l~If)~fl1 
• OJ ., 

IV j) ..:::rt. d .d. 19l.t:9. 1I1j) j) .c!QI , 

~1~'If'U~1J1Jl!1f) 1J'\J'U1~lflM1 'I1l(ltlf) !~~11Jm11J~tl'lm'j '\J'U1~'\Jtl'l'ff1fl(l1J1J~'111\P1 4-12 1J1J. 
OJ • 

.. . .... 
'IJU1'JlHHH1'U ~llq 

nl'JH-:ll'U'Ul'U 

, 
lI'Iii-il 

~iJUH'Uf11'Ufm 

'--_~"F~l 
~ 
!L-. 

, 

'I qLJ 

nflA !~'U!f)iltJ1~!f1~~'IJ 

~1ml'l~1l~'U'l'111,r~ltJ,;~ 

nl'J'\.h~@'IJUll~l1ll'U'J~'IJ 

rl1'1t{ 
'I111'U,h 
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.,j 
'IJ'JI'JI 3 

'j/ 1 j/ I 

m'j~~vhIf! 'j 'lflWUI~ 'Um'j flflflUuuu~ ~~ llthAm 'j If!~ fl'lU'j'j ~tJl~llUUU 

'" '" '" II'U1'Ufl'U 1~UijIIH'U.fJ iJ IIff~ 'l'li''U IPItl'UmnJ B1J~'ll'U'Ii''U l1fl'Um'jf11'U1W U~ ~'Ii''U 11 fl'UflU ff~1'l 

~ 1L..-_11'j_1_"_ff_fl_U_'j_lf!_1_"_lfl_'j_~1_'U_ 

~ ~I ......l~flfl1ff~ 
'----q-

ff~u.,j'm.l~ -------------....~I 
--~ ----

~~..,lltlflffl'j~1JUffll\!'jru 1-----------+~I ff_fl_U _ 

, '" l'l.Hi 3.1Ilff~'l'li''Ul1fl'Um'j..,11f1'j'lm'j 
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3.1	 ~'J..!!l'J..!fllnHUN'J..!~l~ii'J..!"l'l ..!',h'tJ 
"j	 91 "" dI 'l 91 0 91 I 1 .,
IlJtJ~ tJ~fll'j 'il~IJ'j 'J~'tl tJ~~'Yi i:l1G)j''W~'Yi'W~i:l~ !'W 'tl1~ 'il~~tJ~fll'Yi'W~'tl tJl.di:l~l~"l ~tJtJ1f1'tJ 

'illflmllJ~tJ~fll'j'tltl~~l"*~l'W 1~m~ tJ~~l~mitil ud l~tJ~~'W~fllJ~'l 'Wfll'j ~'j1 'ilfftJIJ~~tJ1nIJfll'j 
~	 ~ 

~ d d! :dJ~Ql1""" 
~~tJfll~i:l~fl1'J ~'tltJ'WllIJIJ~m tJ~IJn ~'W l~lJmtJ~ 'WlJ~ 

1. 1~t1U'j~ff ~fi''tltJ~fl1'jIJ'j'j 'il 1~tJnl'Yi'W ~'tl'l..!1~ U~lJ1W 'tltJ~fl1'jIJn 'illli:l~nl'Yi'W~'tltJ~ 

flUIJ'j'J'il ml:IJ~~11'Wfl1'jIJn'il<'1M.	 . 
2.	 fl1'jUfIJ'tl'l..!1~flUIJ'j'j'il ufIJ'tl'l..!1~ 'il~ufIJ'tl'l..!1~u~lJ1~'jfll'jIJ'j'j'iltJdl~l'jl"*fli:llfl 

tJ~ 111'WfluU1IJ lli:l~U1IJ1~lJ1mrtJtJllfil'Yi'W 

'l 91., "I 'l 0 1 91 "l ., d "I I "l.,., 91 "I' 
3.	 !G)j'1ff~tJ~!'j 'WfIl1l'n ~tJ~tJ~li:ltJmff~'YI'tltJ~l'Yim!'Yim'n'W'Yi'jtJff:IJ~ff'il~~tJ~!lJ 

~n~ufin~ tJltimJtJ~~'il~lJ1m'j ~ 

4 fll'j,jIJ~fl~tJ'W 'Yi ~ tJ~'W nl~~ 1~tJ'il~flli1~ii~fl11lJtI1fl~ ltJl'WfIl'j ff~Hlli:l~mllJ 
91 <!l 0 ., 

ff~~1flff1J1tJ'l 'WfIl'j 'l G)j'~1'W 'j1lJt1~fl1'j1J1~~'jfl£ll 

.Jt tj) 0&& 0 I tl,-=!I~ 
5.	 fll'jtJtJflllIJIJ'tl'W 1~'tl tJ~~fl'j tJ~<'I 'il~~tJ~fl1'W~mflU'YIH1'W11'il~'W~'Yi 'jtJtJ'W 

6.	 fIl'jtJtJflllIJIJ1~'il'j ~ U''W'YI1~~1'W mllJui:ltJ~fim~'W 'Yi~fl 

7.	 ~IJu'j~lJ1(Ul'Wfll'jfffl~ 

8.	 mG)j''W~~'l"*'l'Wfl1'jIJ'j'j~ 

o & ~ ~ QI J
 
fIl'j tJtJfll~IJIJ 1~tJfl1'W~t1~lflWCVI1 'Wfll'jtJtJflllIJIJ ~~'W
 

tj) tj), lI] I.e! 'l tj) .d I QI tj) tj) ~ ~ ,J

1.	 fIl'j 'lG)j'~l'W'il~~tJ~~ltJ !lJlJfll'jmIJfllJlli:l~ G)j'~l'W'YItJ~tI1flC)ftlC)ftJ'W 1l~~~tJ~~~ff1~G)j'. . 
fl1IJfllJ 'lM'~f)~mllJff~~ 1fllli:l~lJtJ~~M 'W l~~ltJ. . " . 

2. lfl~ tJ~IJ'j'j ~1.11$ilJ 'il~~tJ~~ltJ~tJfl11'th~~1fl£l1 111mllJff~tJ1~~ltJ lli:l~1ff~~'l"* 

'il~~tJ~ llhf)~ufifW tI1nIJ~il~fiwct1 
"" .1' "j 91	 "j 91"191

3.	 fl11l''1'ilUW1'ju'Jl~ lli:l~'tl'Wl~'tltJ~lmtJ~ ~tJ~l'YilJ1~fflJlli:l~ffllJ1'jmfli:ltJ'WtI1tJ!~ 
~ 

3.3	 fll"~·ft mn1fl'Hfll1 

1. fffl£l1mllJl1j'W lUl~'tltJ~1m~fl1'j'h~'WlUl~lJ1flU'tJtJllfil'Yi'W 
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., 
~llihJ'Ilh1oUhllPlflhl~ fll tJ 

3.	 ffn1Jl.u'ml" '1 hlrilh1'Vlq1J~~I~Ul.u'fl'lfiu~tJmW~l'1 "1 ~~ll~hI~fl'l '1~'1h1nl'~ ~~Vil 

1f1Hf11~ 

4. 11'111Hhlf11~~ll'Whl '1lh1 l~fll~l~hlll hll'Vll'11hlf11~tJi)U~ll"~I~fll..rf11~tJi)U~'1lh1 
:11 "1.1 _~ .,; lpl'ljl j1"".1 0' '1j1 .,; 'I 

IUhI LUlPll1JllJl'Y11J1U'Vlll'1 n t'YI'ilfl~f1"fl'lnullP1qu~~'il'lfl ll"~ !G)j'~~U~ldm'VlI'H1J1~'il1J !hlf11~ 

.ij~Vil1m'lf11~ 

3.4 fll'H18flUU'U 
, 'j/ I iJ	 jI 

'1hi f11~ fl flnllU UlfI ~fl'lU n ~ Ul~1JU ~~~ Vil 'ill 1J1~ tl 'il~tJ IIU'111UnM1.u'fl1~~'1U 

. ., . 
~fl n" 'nf11~Vil'1lh1'Ufl'llfl~fl'lUn~Ul~1JllUUllhllh1flhl 

., . 
Vi l'1lh1IP1'111~ 'H "'I 'iJ lnYil1l'Ul~1 tJril 1J11l'I lrilPl ~ ~llm '1ltJri1 llti'lUl1J11l'1UhI 'illUfnhl ihl~ U'I 

.,	 ., ., 
'iJlmrhln~iJ1J 'illPll{'Vl 'illtJ~lh1 'iJ~~ll~U'I'Ul~ltJril1J1U'l~l11 'H 'I1'1M1~lUl1l 'iJlmrhl n~iJ1Jl..r 

I iJ	 , iJ 

m~Ufln'ilU"1JlilflhlMl~ltJU1"'11J1IP1Hfiuflfl'Ul~ ll,,~n~iJ1J ON l~fll..rl1ll'H""'11J1U~~'iJ'1 ri 
OJ	 •• 

jI "'1 ... : dI .,j :.,j e!.1 jI 0' ... e!
'Ul~ll m 'iJ'I lPI~hll 9fU~UU'Ufl'llmfl'lU ~ ~ 'iJhll~ 1JhI 'iJ~u ~ ~n flU~ lUfltJmw~'1h1 

1.	 t1'1vrn'illllPlhll"~ 

t1'1vrmYlllPlhll"~'iJ~flflf1lIUU '1..rihrn1JW~I~hlt1'1'Vl~ 'I ~m~U1J ~'1iJ'UhI1~ n1l'1 350 

" 19fhl~I1JIPI~ U11 400 19fhl~I1JIPI~ ~'1 500 19fhl~I1JIPI~ 'ill1J1~tlUn~U'11~ 72 ~IPI~ Vil~lU 

l'il1j'illllPlhll"'il 'YIhI1'Uhll~ 1 iJ"~I1JIPI~ 
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" 
2. M1'U 'j 'HI ill• 

M1'Un'ilJ1~U11l1',*''Uf11'jt;Yh~lfl~tI~'Un'ilJ1~:U 'il~liJ'UmJmw~I~1Im11l1~1 
" 

i~tl'U~lU1 t ~ tltI tlflll 'U 'Ul1I'U nJ'Vl H m ~ 'U tlflt~ tI'Vll~I.,j'llhJ'U1~ 1-ff'U H1'U fl''U 6ml1~mtl i 'U 2 
~ ~ 

" " ,
1C)f'U~h1l~'j 1l~~'Vll~tltlfl1J'tI'U1~1-ff'U~1'U fl''U6mn~mtl i 'U 8 i1~ilI1l~'j 'I'1~ii~IVltl' ~m11llfftl~ 

~ 

I ioI 'JJ • 'JJ, 

'Vll'Ul1ln~~'Umtli 'U M11J'j 'j 'ilU1l11Jf11'j1 '11 ~'tItI~~lUl1Jfl1tr tltll1t;Y~ 

" 
3. 'VitlU1ll~~tl1.lmW.,rtl~m;tI• 

iI "iI I 

'VitlU 11l~~f;!1.lmw .,j'tI~tI'Vitl l1''*,'Ulfl1t1~'Un~U1$i1l 'tIw~,)~yh 1~I~tlfl i '*'Vitl 

~mt;Y~fl ('Viti PVC) ll'U'UlJl~'j11T1'U 1Itlfl. 17 - 2532 ~~liJ'U'VimY1'l1i''U,~J1~mr1',*(ffVh ).. 
Icltl~'il1flfl1'j'W'il1'jW1ll~T;il 'Viti PVC 1J~1mtl''U'VitJl~tI'U , ija1l1.l'j~ff'Vlffl1'jlfftl~'Vll'U~1 , 11l'U 

'il 'U 1'U m 111 ~tI 'U ~ t;Y1 1J1HI i'flllltlW11 fli1't1t1~ l'I1 ~ 1fl1tli 'U 'Viti. ~ 

" 
m'tl'U1~'VitlU1
 

, 'U f11'jm'lJ'U1~'Vitlt;Y11J1Hlm 1~'il1flt;Y1If11'j
 

'il1flt;Y1If11'j Q = AV 

= (7t/4)d
2 

xV 

t~tI Q -5~'j1f11'j111~~~tI~f11'jt;Y~t;Y~(m3 Is) 
~ . 

'j)' rI ,
d 1t;Y'Uf-.l1'Utr'Utlflm~'tItI~'Vltl (m) 

~ lJ]' 0 ,.d 00'j) g,.o 111'V m11l1'j1't1t1~fl1'j l'I1~ ( 'If V = 1.5 m I s t;Y111'j'U'Vltl'Vltl1111lIfl'U 1,000 

o Q,I 1.d ~ 

1:JJ~'j ll(l~ V = 1.0 m Is t;Y111m'Vltl'VltJ11Ifl'U 1,000 111m) 

.c! ~ I'j) ~ Jt d
 
'rIlll: 66 l'jtl~'U1~I'Vlfl'Ufllfl'jtl~fl(l 'l1~'Vl 4 : 2535 : 'U. 132.
 

m-5~'j1f11'j111(l( Q) 
" , . 

~~1.l~1J1W U1l1~tI~f11'j 1;!~~~~tI'tI1~l1 1.5
 

" "
 '1'1~1111~ 6 'lJ1~~tlflr~ 1~ 1.5 x 6 = 9 

. 3
1 x 1mm x 1m

9-- 0.00015 m
3
Is 

min 60s 1000 1 
= 0.00015 m

3 
Is 
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I 1 'j/ I 

V 1.5 m Is (lih)~lllflvit!l'U'j~UUlfl~t!~U'j'j~'I1l~llijml11tJldl1i 

IO'U 1,000 11l1Pl'j ) 

7t 

Q 
4 2 
X d X V 

d 
4 x Q 

3
4 x 0.00015 m /s 

7t x 1.5 m/s 

0.0112 m 

11.2 mm 

. " 
'" .01111 fl tJ ~ 'U 'U 

"' " 
4. tlll'l1l 

w)1 
~o 

• 
~ 

'j/ • 
o~ 0 ~.cI~ w 

'JI , 
G)~IO~G)~1JI I 

lJ ll'Ul'U t!~l m t! ~ U'j 'j 1l'U lflll 1l~ 'YI1'11'U l'Y1I'flll'VHH~l'U !'l111 fl'U ll'flt! !'l1 !'l1 ~ f-ll'U 'j ~ UU 
q 

vimnflt1~I~mfl I1JeJ'~..tdG)fflU'j'j llJl ~~~mfl~flW~~fll1ll~l~t!fll"*1~'U~llJl~l'l11l1~ff1'l1~U1;;
q q 

nuJl~ll~fflll1'jt1Un.flfll~ff~tJ1fl ~~I~'U~llJ1l'i!'fll~TIlf'l'lJ 
"' " 

'l11 'U 'U 1fl 'U t!~ till ill 
" ij,rm.l~fl~~t! 11Ju 

4.1 ~1Pl'jlfl1'jl'l1~~~t!~fl1'jff~fffl 0.00015 m
3 

/ s 
" q 
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I 91 1 tI '1 
- 'Vlfl'U'Wlfll'N'WH1'Wfl''WtlfHn:lfllfJ 'W 19 mm.. 

~	 I 

4.3	 'Vll'lfll'W 1I1t1 

I 9J I rI '1 
- 'Vlfl'U'Wlfll'N'WH1'Wfl''WtlfHn~fllti 'W 19 mm.. 

'J/	 • '" 
- 'Ufl'lfl 90 fl~fl'l 'U'Wlfl 19 mm 1I1'W 1'W 3 1911 

QJI	 rI 31:311 
'Hl111t1'W1l'N'WH1'Wfl''WtlfHl1'l'nl'lI'Ul11r;l~'Vll'lflfln 19 mm.. 

rI	 31' rI 0 QI 

- 'lH)r;l11r;l1 l'N'WH1'Wfl''Wtlnm'l 19 mm 1I1'W1'W 81911.. 
'J/' 0' 

- 'Nlt1t11'l 1'N'WH1'Wfl''Wtlnm'l 19 mm..
" .	 .

Q,l0:=::I. oC! ~ 0 ol:! 

4.4	 fJW'N:lJ'UI9I'Ufl~'Wl 'V1fJW'HtJ:lJ 25 c (l9Ill1~'V1 8 flll'lH'W1n n ) 

- ml:lJ'H'Wlll'll'W (P) 11'hn'U 997.0 kg / m 
3 

"	 3 
- U1'HUn~ll'Vll~ ( y) 11'hn'U 9.777 N / m 

2
ml:lJ'HUflff:lJ\llW (Jl) I'vhn'U 0.000890 N.S / m 
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'lfrl~f1• 

u u U 

./ 

• 

" 
I U 

Ball Valve 6 'I1d t14em 

t: 

em 

45 em r--.. 100 em 22 

'ff1t1t1H 

X Glove Valve 

IJ 

Solenoid Valve 6 'I1d 

104 em 

'\L 

'" " IF ihrU1 O~m~~'\.H"'ff
I,\ " ~mJ1

>-< 
/ f// 

I 

27 em 19 emI. • 
, jI I j/ , 

~un 3.2 l~'IJ'lJri ~'\.htHJ~~l'I~ U~'IJ'j'j~tJ 1~1J 
~ . 

'" " " ~lf1,ru1J,,~~mild ft1111ltltJ 1111 '1 oUhJf11ll'll'U dill 11l't1'\...! 1rl'tlU~iJ1JtJ 1'~ irltlihj'\...!~u'\...! 
OJ 

a ... "" " f11ll'l1'\...! dill rl~'\...! 
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c:s ,::t , 
1. ftl11JAllflfltl'lJ'Ul¥1 19 mm. (Vnfl 19 mm.) 

y Q 

A 

4 x 0.00015 m 
3Is 

2 2 
1t x 0.019 m 

y 0.530 m/s 

..'OJ G\2. ftl11Jf.ln'lJtl~f1tlfl~'ti1J¥I!'U1"~'I.J'I.J ( Hmj ) 

H . 19 + 27+ 104 + 22 + 45 + 5 + (7x7) + ( 100 x 7) + (4 x 6)
mJ 

H.
mJ 

995 em 

H. 9.95 m
mJ 

.d K y2'illfHY1Jfll'j'V! ( 2 - 19 ) L_ 

2g 

0.5 

0.5 x ~.5JO m/sJJ 

2x ~.81m/sJ 
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f 

64 
1.128 

0.0567 

2
fLV~1f1 

2gD 

~.530 m/s J2 
0.0567 x 9.95 --------

2 x ~.81 mI sJ x 0.019 m 

0.502 m 

<:I OJ" 
9. N~"nllfll''HtJmEJ~f1~'t'ill~ ( Hmin ) 

0.00716 + 0.0386 + 1.1453 + 0.86 + 0.502 

2.55 

O'J 

10. lEJ~"nll'UMifli ( Total Head; Hr) 

9.95 + 2.55 

12.5 m 
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.-:tI 

11. fha~HUfiif'IJ~O'Ul1~ (WhP) 

yQHr 

746 Watt 

9.777 N/m
3 

x 0.00015 m
3
Is x 12.5 m 

746 

0.0232 W 

• <:II .. 

.,y0'IJ0'ti'1'tJ'Uo~if'IJ,h 

CAUDAL MAX. 3.0 GPM; 1 I min 

VOLTS 230 VAC 60 HZ 

AMPS 0.9 MAX 

INTERRUPTOR 45 PSI 

1.0 A
 

POWER 198W
 
'j/ td , td ,,, 

~~'l!'W ~1 Power 'lJfl~iJ1J'¥hl1'W1W'~iJ~1l'vhn'lJ 0.0232 W U~~l Power 'lJfl~iJlJVic]ffl 
'j/ ,'JI • 

lJ1iJ~1l'vhn'lJ 198 W ll~iT'Wff1lJ1'.itltJ1m'l.jfn'lJlfl1fl~'lJn'iltJ1~lJ'~• 

.c:s tI 0' 0 rjJ rjJ~ ':

rI'WmJ~11r11 U'lJ'lJ'Vl1~1'W~1tl'vJVhff1lJ1'.itl 'l'lffl'lJ'Wl 

-C:lt. did d IQ,lI: 

( 19.05 19f'W~HlJIPI'.i) 9f~lJ'lI'W1~l~t11l'Vl1fl'lJ'Vlfl'W1 

•6. 1.J001101 

<I :II <ld 0 iI d", : <1 '" ~ ~ iI '" 'i <1 <I <I I 

'lJ flrl 11r11lu'W ~u m W'Vl 'Vl1'11'W l'VlIPI ~'W 1flfllPlTH 'W ~9f ~f1 m t1fl'lJ ~ 9frl'W fl t1~11 rl1 UIPI'lJ flrl 

11~1'il~mfftl'.i~~'lJtf1l~'W ~1~~J1 ~ ~ 'il~tl fl~~;~ mifl1t11 'W 'Vi fl'Vl1~Jw,r 1 UrI~'Vl1~flflfl'lJ fl~t.i~'Wfl 
OJ OJ 
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Ift'HiJ~H
 

1fl'j ~lfl~~~111111f11'r,Y~l'rlgf1~~~f1~W~I~'U'Y1m'H~~lJ'Ht!1191~nJ~1'H~~lJ~'U~l ~'U'U 1~. 

1flH!l'U 11~t1~'Un~'W 111~~~'Uri1'Ulh~f1~'U\Ph~'1 'U~~lfl1~~ 

~ 

.: d'l
'V'l'U'Vl ~~~'j1lJ 

9/
ml~ 

'" 
80 1C]1'U~llJ~'j ~11 

'" 
100 1C]1'U~llJ~'j 'r,Y~ 

'" 
180 1C]1'U~llJ~'j 

dI. 9/ d ~ 
C]1~'Vll'H'Ul'VlIU'U 

~ 

" " . 

1~'U'U'-Wfh 

'j~'U'U'vJ.yh 

11 1f1'r,YlJ f11'j 

VL ILCOS e 

cos e 0.8 ~f11'j'vJ~l'Ufl'j'Hm~tll'H'U~'M 

4.23 A 
0'", 0' 

'H1'U'Ul~IC]1~'jf1~lmf1lf1m 111f1 1 x 1.25 

4.23 x 2.5 

10.5 A 

'H1'U'Ul~'r,Yl~'vJ 

'U'Ul~'r,Yl~'vJ111f1 I x 1.25 

lrl~ 1.25 fi~ rillJl~Hl'U'IJ~~'U'Ul~'r,Yl~'vJ~l'r,Y~~~~lJi''U'~.. . 
10 x 1.25 

12.5 A 

1i1~f1' oN'r,Yl~' vJ'U'U 1~ 1 ~1'j NiJ~illlJ~'j 
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. ., . 
~'1Yllfll'nJ 'i~fl tl'U Ifl1tl'l 'U 'i 'i m.J• l~hJ 

., ., 
'Ii'U~tl'U t'Ufl1'i1.h~fltl'U~'1i1 
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t iI iI iI

au'" 3.4 Uff~~~lH'lnJ~~~IPi,mHUt'l1~f1vh..lU'l~~lU'Htl~~~IPi~~f1~fl 
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I jJ jJ jJ, jJ

3,H13.5 Uff~.:j1011U'Htl.:j~~~.:jl'iflvrml1u~~1011U'Htl.:j~~~.:jtfl~fl.:jfl'H)·rUl 
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iI' iI' ~ iI' 

4. ~~~~t1,nimhH~~t1:JJtJl 

. .. ..
1'lHi 3.6 U'ff~~\P~hH'I1tl~~~~~t1~liml1 

I iI' ~ iI'1un 3.7 H'ff~~1P11H'I1tl~~~~~i1:JJtJl 



76 

" " 5. ~~~'HJimjl 

. " " 1tHi 3.8 Uff~~~lU'l1tl~~~~'HJimjl.. 

. " 
1ufi 3.9 bbff~~tl111J1:::m)1J'lf~~~Md~lmh.. . 
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· ., .,
1,Jfi 3.10 Uff~~flllmtl~f11':i~~91~lC)f~tHltl~t!~g;fll!mtl~~~91~mg;lHlfl~lHUI 

I jJ jJ I 

1Uti 3.11 Uff~~fllt!'I1tl~~~91~fflt1t11~'Un'ilUl$i:IJ 
~ . 
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I 'jI 'jI • 'jI 

111;1 3.12 bl~~.:j1911bll1tl.:j~~91'HY1fJm.:j1J~~~ih~:IJ~,yln1l1C)f~lJ~fJ~~lfJ'l11 
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" 8. ~~1i~~f11'UliJlJ~vJ.yh 

. " 3'l1fi 3.15 Uff~~~lU'H'I1~m'i~~1i~iliJ\Plff1\Pl.tf 
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iI , iI I 

9. ~~Wi~lH-hJ 1f1Hlfl1'el~'Un~Ul$\:u 

I I iI r 

1ufi 3.16 Uff~~ml~'UiYuH'U1m~lfl1'el~'Un~Ul$\:u 
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'lJ't1't1 4'"


~lfl~ 1~Vilfll'j'ff~l~lfl~~NU'j'j~Jl~llllUUllU 1W)Ul'ff~ ~'ffll\l'jWlll;1'1 'u~mHJu~tl 1tl 

l'j1~11 ~U ~ ~~ ~tl~ 'Vl~'fftlU I~ tl~ ~~ 1~'Vl'j lU 111fl~tl~ ~ 'ff~l~~Ulilt!U'fflll1'j ml1~lU1 ~1fI111 
rI did jl1tIgJ~ d ~J ~ ef 0

~~'l.h~'ff ~f1'11~tllli tlVN1 'j ll~~l'rH)'Vl~~llfl b'\.I'\.ItlH~'rlm~'Vltl1~ ~~lfl~'\.IU C)f~U'VlUl'jl~~'Vllfll'j• 
1 'JI I j/ 

'Vl~ 'fftlUll~~'ff'jtl H~fll'j'Vlrl'fftlU'\.I~NIf1~ tl~U'j'j ml1~ 11 1~ t1~fl1':i ~hi! Ufll'j ~~~flltlu 
.... ~ 

4.1 fl11't1~inl'lJfl1UJtfl'lJ1111'UtNfl11'lJ1'H1Ul~'lJ 
'J/ I j/ , 

o Q,I QI 0 a 0 o!!I 

4.1.1 ~l~U'\.IUlfitl Ufll'j 'Vll~lU'\.Itl~tfl'jtl~U'j'j~U 1~ 11 

1. liI~'ff11f1"l1tu'jfllfltl{l~tltltlU 1'Vh.,rl'j~UU 
'" . 

2. IfftlU'lJrrfllltlllfltl {I'Vlm'TU'fflt1'rllU 

3. Ul'\.11rlltlcil11~H'Urr~'ffllIflUI~'ff~llflitlllH~lU1U6 '\.I1~ 
o do .<::::I...:::1o.t:::l. rI:d 

4. fl~~ll START ff1t1'rllUmmtl~'\.I1~Ul~1l1l1'1$U~1l1fl'ff1'Vl'Jj' 'fflt1'rllU ~~ 

" 
'I1t1~m ~\phl'l1u~u'j'j ~Ul 

I I I' 'JI , 

5. flrltlll i!1111~mf lVifl 'M'm~Uflfl\\U~lllf1~tlUVi ~~IVi flU 1111U'j 'j ~U 1~1l1l1• 

tl~' U\Ohl'l1U~f1tl'\.l1~ 

" " 
6. U~'ff1'Vl"l1lPil1l'l1U~ ON lC)f~Utltl~'il~lil~ Vil' M'Ul~-:llllU'j'j'il'ri'U'\.I1~Ul• 

~ll 'ilU(i-:l'j~~U lUU~'ff1'Vl'HlPil11'l1 U-:l OFF lC)f~Utltl~'il~'I1 t1~fll'j~lt1Jl• 

" 4.1.2 'liUlfitlUfll'j'Vl~'fftlU 

dt 0 d jJ ... IQ.I 11Ii1 Q.I 9J t do 
III tl'Vllfll':i Ilfl 'j (lllfl1111'rl'jtlllll~~u 'j U'll~ mUr:jll b~ ':i ~~ Ulim 'ill flU Ufl'Vllfll'j 'Vl~ ~ tl-:l 

" 'JI , 'JI

1~ (I'll1'\.11~ Uwi1tlVl~ 111 6 lu ll1Vi lfll'j U'j ':i 'il'rl~ tlll~ 'j ~~U 'l.J1lVitllfl'j1 'il'fftlutli1l11f1 'j '\.I tl~ Ul111J. '" 
ml11111f1 fl~ l-:lf1U1l1fl'l!tl[J!1~ 1 'I1U tl 'j lfl!)'hl~~~ '\.I1rl~ml11111f1 tl~l~ f1U ~~Irl tllfl'j 1'il'fftlUII ~1~ 

" 
VillM'~11ml1111lflfl~1~ln~'illfliJ'il,r(l~~U 

'" 
" " 

1. fll'j 1 'I1~'\.Itl~Ulf·hm';tl'l11~f111111 ~1~1-:lf1U 

" 
2. fl1'jIP1~tlill1WU11lil'vhf1U'Ull~~~111 
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" . "" '" ..." i'Uf11nn111ill~lJ'tJ'UWI 600 ~~ '1~lJmhJ 20 1'Ul'V1 / flH• 
" . "" '" ..." i'Utl1nJ1111ill~lJ'tJ'U1~ 1,500 ~~ i~lJmitJ 33 1'Ul'V1 / f1H • 

91 • 
<vet 

fl11n~t1'ij'I.Jfl1~n2 

" . "" '" ..." i'Uf111lJnllill~lJ'tJ'Ul~ 600 ~~ i~lJmitJ 23 1'Ul'V1 / f1H • " . "" '" ..." i'Utl11lJn~ill~lJ'tJ'Ul~ 1,500 ~~ i~I'HnitJ 31 1'Ul'V1 / flH 

" ,<v et 
fl11n~t1'ij'I.Jfl1~n3 

" . " '1'Utl11lJ1111ill~lJ'tJ'Ul~ 600 ~~ i~m'l1iu 20 l'U1Vi / f1~'l· " . "" '" ..." h.jtl1'j'U1111ill~lJ'tJ'Ul~ 1,500 ~~ '1~lJmi1J 32 1'Ul'V1 / f1H • 

91 • 
<vet 

fl11n~t1'ij'I.Jfl1~n4 

" . "" '" ..." '1'Utl11lJnllill~lJ'tJ'Ul~ 600 ~~ 'l~m'l1itJ 22 1'Ul'V1 / f1H • 
" . "" '" ..." i'Utl11m'jllill~lJ'tJ'Ul~ 1,500 ~~ '1~nmi1J 34 1'Ul'V1 / f1H • 

" .<v et 
fl11n~t1'ij'I.JflHn5 

" . "" '" ..." i'Utl11lJnllih~lJ'tJ'Ul~ 600 ~~ i~lJmitJ 20 1'Ul'V1 / f1H • 
" . "" '" ..." i'Utl11lJnllill~lJ'tJ'Ul~ 1,500 ~~ i~lJmi1J 33 1'Ul'V1 / f1H • 

, "I j/ 'JI 'JI I 

'1 'U f111'V1~bYtl1Jtfl~tl'llJn ~ill~lJl1'l'l1lJ~ 5 f1~'l 1~t1 '1 'Uf11'j'V1~bYtllJ i~i~'tJ1~ill~lJ i 'Utl11 
'JI , ,," 

'V1~bYtllJ 2 'tJ'Ul~~1t1tl'U 'VllJ',h 'tJ'Ul~'tJ1~ill~lJ 600 ~~ i~lJml~m~~t1tl~Vi 211'Ull1 ih~'l.. 
1I~I~lJ'V1t1'tJ1~ 1l(;l~'tJ'Ul~'tJ1~Jl~lJ 1,500 ~9f i~lJ(;l11~m~~t1tl~~ 32.6 1'Ull1 l~tlilli1J. .. 

" .
f11'U1W'l11tl1'jff'Ul1Ji1tl'livJ~1 ~'l~111'll1 4.1 
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.d o " a. dod do Q.I 

gJl1Hfl4.1 Ufffl~f11':im':i~'WlfllJ'IJ'Ulfl 600,1,500 91Cll I'VWUf1Uldm 

,,1i ~i ,,1i ~i d '" dld(ll'VI ')f 'Uf11':i'VIflffflU um: ldm'VI ')f 'Um':iI~':ifJlJ'lJlfl (l'Ul'VI ) 

~ 'IJ'Ulfl'IJlfl 
dd 

6009191 
dd 

1,500 9191 

1 20 60 33 60 

2 23 60 31 60 

3 20 60 32 60 

4 22 60 34 60 

5 
,,1 

ldml~(lfJ . 
d 

ld(lll~ (lfJ':illJ 

20 

21 

81 

60 

60 

33 

32.6 

92.6 

60 

60 

" 
fl~':ilm':iiY'Wl'I.J~fl~m~uffl'VHh 
w .. 

iftl'lh 
t jJ , , 

Ifl1fl~U':i':i~Ul$ilJfl~ l'UiJ~ i,*m~llffl~m~fJ 

i,*l~Vhll1JU 1 l~ff 220 V 

1.5 Amp 

fh,;i'~l~vh 1.5 Amp x 220 V 

330 w 

0.33 kw 

i,*l~vhlluu 1/2 hp 220 V 

fh~~l~vh 746/2 

373 w 

0.373 kw 

90 w 

0.09 kw 
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?l111~~'U 
, iI I 

1~~~~1J':i·H)'\.'l1~:mh:n'U. 

0.33 kw + 0.373 kw + 0.09 kw 

0.793 kw 
, 

l'U~~ 8 oJr1 1~~ 'il~l~'rH'~~l'Ulvl.yhl'yhti1J 

0.793 kw x 8 hr x 30 l'U 

190.32 kw 

0 I 

'ill'U1'U'I1'U1t1 
., I 

~~':il'11'U1t1~~ 1;j'UI~'U ( 1J1'Yl ) 

. 
35 m.htim fl ( mh tI fi 1 - 35 ) 

115 'I1'\.htllPi~ ltl ( m.htl~ 36 - 150 ) 

I 

246 'I1'U1t1 

I 396 m.b tI 

-

1.236 

2.132 

2.422 

89.89 

142.14 

524.47 

956.112 

I 

IfftlfhlTI 35 'I1'U1t1ll':ifl 89.89 1J1'Yl 
, 

36 - 150 'I1'U1t1 142.14 1J1'Yl 
, 

151 - 190.32 'I1'U1t1 85.96 1J1'Yl 

':i1~ 190.32 mh tI 317.99 1J1'Yl 

lnmllIGlhmr~lltlrl~ 87.85 1J1'Yl 

" ':i1~fil1TIl1~'I1~~ 405.84 1J1'Yl / l~tl'U 

405.84 1J1'Yl / 30 l'U 
., 

13.53 1J1'Yl / 1'U 
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I 'j/ I 'j/ 

tu 1 -Mll:1N ffl:IJlltlllllllUl~:IJ'\JU1~ 600 ClfClf i#l~'JiJ 
q 

" tUf11l11llll 1 fl1'J (6 '\Jl~ ) i~nmiu 811Ull1 
q
 

'j/ 'j/ I 'j/
 

~'JtJU iu 1 i'llm ffl:IJlltlllll~i#l 3,600/81 = 44 fl1'J 

'tnnfn't'i"J 

" . 
iu l1U ffl:1J1ltllllllli#l 44 fl1'J x 8 ~11:IJ'J 

q 

" " .
~~tJuiu l1U ffl:1J1ltlllnllUl$i:IJ'\JU1~600 ClfClf i#l 352 x 6 = 2,112 '\Jl~ /lU 

. q 

" . 
iu 1 -M11m ffl:1J1ltlllllllUl$i:IJ'\JU1~ 600 ClfClf i#l 2,112/8 = 264 '\J1~ / i'11:IJ'J

• 

I 'jI 1 'jI 

tu 1 -Mllm ffl:1J1ltlllnllUl$i:IJ'\JUl~1,500 ClfClf i#l~'JiJ. 
" i'Uf11l11nll 1 fl1-:j (6 '\Jl~ ) i~mniu 92.6 lUll1•

" . " 
~-:jtJU tu 1 -M11m ffl:1J1ltlllnlli#l 3,600/92.6 = 38 fl1-:j• 

" . 
iu l1'U ffl:IJlltlllllll i#l 38 fl1-:j x 8 -M11m.
 

" " .
~~tJut'U l1'U ffl:1J1ltllln~Ul~:IJ'\JU1~1,500 ClfClf i#l 304 x 6 = 1,824 '\J1~ /lU 

tu 1 i'11:IJ'J ffl:1J1ltllln~Jl~:IJ'\JU1~ 1,500 ClfClf i#l 1,824/8 = 228 '\J1~ / i'11m 

o " ~. .o::::!.o::::! 

llll ~'U 1~:IJ'\J1~'\J'U1'fl 1,500 G)fG)f 

" l~tJffUluiitl-:jm~Uffivlvh lU~~ 13.53 1J1'Y1 / lU 

4.2 .u8!tf'U8H'U~ 
" . 

1. mliifJumw~~Ull1iiml:IJll:J.iu~lU~~UllUtlU 
" . 

2. ml:IJI~1'\Jtl-:jUl fl1liifl11:IJ1~1l1l11~lm"hti'U'I11tl im~'liiitJ'J 
'1 ~ : ~ ~ 

3. fl1ltltlfHlllll !'11 ffl:IJ lltlllll1lUlt 'I1flltlllfl~:IJ i'fl'l1 mtJ'\JUl~ 



86
 



87 

'" '" " lJ\9l';i'U';ilnl'H'UJ'V'l ,2537. 

.c! tI ~, 4 ,. ~ t!Q,I ~ 
'Q11nw ';ilJE.J1'UtI'U\9l. 'Il''J.Hn'U!fl1tl~m'l. n~~!'Vl'V'l"l : IH'V'llJ'V'l1Wl'Ul'V'l1'U'll' ,2535. 

QI QJ ef.c:! ~ tI rf 1 .di QI tI ... 1 ... 1QJ

'll't1'ff1'ff\9l !'VW'U1\l';i{ltl. fli:lflltlfl1'Uf)~ 't'ii:l. n~~!'VI'V'l"l : ffnfll'fflJ'V'l'U1i , lJ.u.U. 

'" <! d1 " 'll'lqj t1'U~~1'U. fli:lflltlfl1'Uf)~ 't'ii:l. n~~!'VI'V'l"l : 23 '4fUC)f'U!\9l~';i ,2523. 

-UWcVi\9l ~'\Jn~l 1f11fl11111-W~1. lJ.tJ.tJ. 

-do .e:, ,f Q,J' <r .<:::::to tI..c:! 0 QI 

lJ'U\9l';i 'V'l~W!f1flm. fli:lflltlfl1'UM1t'1'~. n~~!'VI'V'l"l : I H'V'llJ'V'l~ 'll1n~, 2540. 

A tI.e:, tI 1 1 .4:t , Q"f tf d d ~ 
}J1'U:l::fffltj 'V'llJ'V'l'ffl';i. 1~'Um'flfl 'U i:lfJ'fItlQ''Uflwan. n~~! 'VI'V'l"l : C)f!tl~~!fl')j''U , 2521. 

Robert C. Juvinan and Kurt M. Marshek. Fudamentals of Machine Design. New York: 

Mcgraw - Hill, 1990. 
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"'''''' I'lH)'.ifi~I'IJ'.ifi 

lfitJ{1Jt1fl 
rnn 

175
 250
300
 700
 

0' "'~.1 ~ oJ 
1Jfl\PIfl'Jm~mHHl'lJ 1 111f1'm'l11J~ CJf-:l 

1~1JI~'W 1~fJf'lJm -:lfl'W 'vJVhl~1J~'I1jfl 
d .e::t. I QI!iI
l'j 1J1~'W Nl 'W \PI1\P11'W 'Y11'W
 

- hiih'l1f1' ~mJ 'j
 175
 700
 250
 

300
 

300
 

175
 700
 250
 

'" '" <9- 'j'l1f1'flfllJ'j B m E 250
 175
 700
 200
 

- 'j'l1f1'~fllJ'j A
 150
 175
 700
 150
 

, 
Q QI Q 0 

'fI1Jl : tltuCVI\PI ,!'tJm'n: 2545 : 'W. 41. 
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€lfl~{l 1\PI 
'U 

Wheel Dia 

D 
>J 

." 

'W1lInch 

3 

4 

5 

6 

8 

10 

mllJ~\I 
>J., 

'VI \I 'I1lJ \PI 

Overall 

Height 

H lJlJ.lmm. 

115 

145 

175 

195 

250 

339 

'U'W 1\PI uih..l 

tJ'W 

.e/ <:>I, 
'J~t'J~'I1VI'HJ\PI'W {l\PI

'U 

Mount Hole Specing 

>J 

i'tJ thWUfl 
, 

\PI{l~fl 

Size of Top 

Plate 

X x Y lJlJ.lnun. Load 

Capacity 
Bearing 

A x B lJlJ.I Each 

nun. flfl./kg. 

120 x 90 90 x 60 (l 00x80) 500 6003z 

140 x 110 105 x 70 (l15x85) 800 6203z 
I 

140 x 110 105 x 70 (l15x85) 800 6203z 

140 x 110 105 x 75 (l15x85) 1000 6303z 

165 x 140 120 x 110 (l50x130) 1500 6204z 

180 x 150 120 x 110 (l50x130) 2000 6205z 

.et .Ql c!e:t. cI 
r1~1 : lJ1'W~fflJ{] 't'llJ'Yfffl'J : 2521 : 'W.140. 
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17-2523
 

'J! , " UlYiUfl (flfl. /1J.)fI111J'H'Wl (1J1J.)l'ff'UH1'U'IJ'UWI 
fI111J.. 

ff'WfJfl m-:l'j~\! .., ..." tJl1 'If'W........."...... " """ 'If'W 8.5'If'W 5
'If'U 8.5 'If'U 13.5fI1t1WJfl1J1J. 'If'W 5
 (11.) 
13.5" (ih) (1J1J.) 

- --- 0.0614
1.0 ± 0.10 10('/4) 14 ± 0.15 

---- 4
 0.0801.0 ± 0.10 18 ± 0.15 15(\) 

18(1/ ) 0.169 0.2274
 0.1081.8 ± 0.20 2.5 ± 0.20 22 ± 0.15 1.1 ± 0.10 8


0.4764
 0.140 0.2232.5 ± 0.20 1.2 ± 0.10 2.0± 0.2026 ± 0.15 20(\) 

0.198 0.298 0.4333.0 ± 0.25 4
25(1) 2.0 ± O. 2034 ± 0.15 1.3 ± 0.10 

4
 0.283 0.372 0.5613.1 ± 0.25 1.5 ± 0.15 2.0 ± O. 2035(1 \) 42 ± 0.15 

0.489 0.7243.5 ± 0.25 4
 0.3241.5 ± 0.15 2.3 ± 0.2048 ± 0.15 40(1\) 

4
 1.11455(2) 2.9 ± 0.25 4.3 ± 0.30 0.487 0.7701.8 ± 0.20 60 ± 0.15 

1.7734
 0.755 1.1802.2 ± 0.20 3.5 ± 0.25 5.4 ± 0.35 65(2\) 76 ± 0.20 

80(3) 4
 1.006 1.619 2.4582.5 ± 0.20 4.1 ± 0.30 6.4 ± 0.40 89 ± 0.20 

100(4) 8.1 ± 0.50 4
 1.649 2.631 3.9883.2± 0.25 5.2 ± 0.35 114 ± 0.30 

125(5) 3.9766.4 ± 0.40 9.9 ±0.55 4
 2.468 5.989140± 0.30 3.9 ± 0.30 

150(6) 4
4.6 ± 0.30 7.5 ± 0.45 11.7 ± 0.65 3.431 5.492 8.340165 ± 0.40 

200(8) 8.478 12.886216 ± 0.50 5.4 ± 0.35 8.8 ± 0.50 13.7 ± 0.75 4
 5.288 

250(10) 267 ± 0.70 10.9 ± 0.60 16.9 ± 0.90 4
 7.991 12.979 19.6526.6 ± 0.40 

300(12) 318 ± 0.80 7.8 ± 0.45 12.9 ± 0.70 20.1 ± 1.05 4
 11.250 18.300 27.841 

400(16) 4
 19.621 31.854 48.485 
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'tI'W1~ 

1~'U• 

lJlJ. 

" (U1) 

'JI , 
Iff'UH1'U 

0' 
tr'UtJflm~ 

.fl1 tJ 'U{) fl 

(lJlJ.) 

"... 
'll''U 5 

mllJ'I1'Ul (lJlJ.) 

" i'U 8.5 "... 'I1'U 13.5 

fl111J 

£11'1 

(:IJ.) 

: ... 
'Ul'11'Ufl (flfl. / lJ.) 

"... 
" " 'll''U... ... 

'I1'U 5 'll''U 8.5 
13.5 

100(4) 114±0.30 3.2 ±0.25 5.2 ± 0.35 8.1 ± 0.50 6 1.649 2.631 3.988 

150(6) 165 ± 0.40 4.6 ± 0.30 7.5 ± 0.45 11.7 ± 0.65 6 3.431 5.492 8.340 

200(8) 216 ± 0.50 5.4 ± 0.35 8.8 ± 0.5 13.7 ± 0.75 6 5.288 8.478 12.886 

250(10) 267 ± 0.70 6.6 ± 0.40 10.9 ±0.6 16.9 ± 0.90 6 7.991 12.979 19.652 

300(12) 318±0.8 7.8 ± 0.45 12.9 ± 0.7 20.1 ± 1.05 6 11.250 18.300 27.841 
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UJm (m) 

, d d Q,I e:s. 
'VI tIll1 'lfHl1 'l f1 tIltJ ff~f1~ ff 

'Vitlll1~f1mitllf1mQ~tJ 

'Vitli~ 

I '" 'VI tl fI tl 'U f1 HI 

'iltJt1tJtJ ( Smooth) 

0.0000015 

0.000046 

0.000046 

0.00012 

0.00015 

0.00025 

0.00018 - 0.0009 

0.0003 - 0.003 

0.0009 - 0.009 

. 
<:\ '" 
'fIlil : 'lflty t1'UfI'Il'U : 2523 : 'U. 144. 
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d ' 
10.0Glove Valve !i1fl!~1J-vl 

12.5!i1fl!~1J~ 1/2 

0.9Glove Valve !iJfl!~1J~ 

!i1fl!~1J~ 3/4 0.90 
d • 

4.50!i1fl!~1J-vl1/2 
d ' 

!i1fl!~1J-vl1/4 24.0 

'ffl1J'Vll'1 ( Tee) 1.80 

~fll~'1fl~'U (Return Bend) 2.20 

~fl'lfl 90 fl'lffl ( Short - Radius Elbow) 0.90 

~fll~'1i'ffihhumn'l( Medium - Radius Elbow) 0.75 

31'7 31 ... "" 
'llfl ~f1'1'jff1JmJ ( Long - Radius Elbow) 0.60 

31 0 

'llfl'lfl 45 fl'lffl ( 45 Elbow) 0.42 

. 
cI ... 
fllIl: 'll'lty (l'Ufl'lTU: 2523: 'U.151. 
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Tempera 

Turc, 

°c 

...•...... _•....

0 

5
 

10
 

15
 

20
 

25
 

30
 

40
 

50
 

60
 

70
 

80
 

90
 

100
 

Specific
 

Weight
 

r. 
kN/m

1 

..•._--_._

9.805 

9.807 

9.804 

9.798 

9.789 

9.777 

9.764 

9.730 

9.689 

9.642 

9.589 

9.530 

9.466 

9.399 

,,_.. 

Kine' 

.....-, .....'--""..•

Vapor 

Density Viscosity matic Surface pressure 

p, Viscosity tcnsion head,u x 103
 

kglm
l 

N.s/m
2 

u.vx106 p" 
m

2 
Is N/m kN/m

2 

,abs _....•._ ..._ _. '''-'''''''''''>0''-'-'''' """'"--",,,.,,._-= 

999.8 1.781 1.785 0.0756 0.61 

1000.0 1.5J8 1.519 0.0749 0.87 

999.7 1.307 1.306 0.0742 1.23 

1
999.1 1.139 1.139 0.0735 1.70 

1.002998.2 1.003 0.0728 2.34 

997.0 0.890 0.893 3.170.0720 

995.7 4.240.798 0.07120.800 

992.2 0.653 0.0696 7.380.658 

0.547 0.553 0.0679988.0 12.33 

0.474983.2 0.466 0.0662 19.92 

0.404 0.413977.8 0.0644 31.16 

971.8 0.354 47.340.06260.364 

965.3 0.315 0.326 0.0608 70.10 

958.4 0.282 0.294 0.0589 101.33 

Vapor 

pressure 

head 

plr 
m 

,,~._- " ..~-_ 

0.06 

0.09 

0.12 

0.17 

0.25 

0.33 

0.44 

0.76 

1.26 

2.03 

3.20 

4.96 

7.18 

10.33 
.. 

Bulk 

modulus 

of 

elasticity 

E x 10<'.. 
kN/m

2 

.. "'-

2.02 

2.06 

2.10 

2.lS 

2.18 

2.22 

2.25 

2.28 

2.29 

228 

2.25 

2.20 

2.14 

2.07 

1 

et ~tIQ,ld'Q,I 

TI'lIl : ~'U'U'Vl ff'H1W'UlPltl : 2528 : 'U. ~ -11. 
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. 
V111H-rl 9 'jll.lC'1:lfll.l~ffl(J''rl 

l~
 
!d-.1aIi_
tiaDkr ~...o"man 
thrdco_ Wa......~-' 

MuI~ 
aaotia.", 

C'IlJ'mI;l n:~ 
k~&.Ic 

~~) 

9· 
13~ 

13·I,.
 
17
2,3. 

2:;'

S2

32.

13
$11
11;1. 

nc.· 
i 

Ca\k !b...c:.d 
"ftt-pt ""ea. 
1'tp.~n1.~ 

('IO~1 ~lDi 

1\ 1'JC."C 
1OC\'C11· 

1"; It>>'C 
t"~ leotC 

:.\IQ,'C22
32,. lOO'C 
31. ·1\J~ 

~. l¢(llC 

50·, lOO1C 
lOOlC15· 

10lYC110

J.OO'C1GO
2~ lOOIC 

! lIIfClicnuol 
~ 

(-? 

0..5 

J 

1 
f Li 

L5 
2..5 
2..5 

" 4 

• 
~ 

10 
1& 
~ 

35 

~y 

"l<) 

95 
1'.!0 

li\O 

185 

2i(' 

SOO 
400 
SOC) 

~In 

.r~ 
~) 

110.80 

1/1.13 
1~AO 

1IlA6 
1;0..50 

JI1.18 
l 
I 

110.57, 112.2:$. 

'f '1,lQ.~ 

711.04 
'Yl..3:i 

111.'10 
11'2.14 

11¥t.53 
1!.V1.7S 
l~.H 

1 1!f1.IS~
1 31/2.o:! 

31.r.u~ . 
Su~ 

G1J2..2:j 
GlI!..£1 
G:t12..f.5 

6113.1'0 .. 

~ 
al fO"( 

(c::;. ...! G~h) 

3.1) CtJn15 

it-in4-l.3.3 
3.5 O.OUS 

0.012:13.6 

{lOlld3.8 
t..D C.DID2 

f0 Q.C093 

~.9 O.OOH 
5.t ·0.00&6 
s..s 0.0073 
'7.:2 0.00$9 
1U O,J)OS' 

11).5 ~oou 

I~I 

(I.e 
G..! 
a..s 
0.$ 

(J.e
0.' 
o..! 

G.' 
0.' 
0.9 

1.1 

1.1 
t.1 

1.3 
u· 
1.$ 
1.7 
1.:1 
1..5 

• ~l 

I 2-3 
2...5 

2.7 
I 

i ...• '-' 
3.1 

!
 

," 

r 
u.s 
15.5 . 
lSd~ 

16.0 

l!?S 

r ...& 

24,0 

27.0 

3Ci.O 

33.5 
:!S.I) 

tOO<71
O.('.l(J4t 

e.OO3I 
1;1.0038 
G.OC3t 
Q..OOM 

'1.«13' 
Q.C03:t 

0.0031 
a.ooStl 
o.~t 

HI
1'15

221

21~ 

321

867

424

50s. 
~81. 

615-

181

I 
.:!~. 

&+:
u.~ 

i W...<i
\ 1.204C
~ 
! 
~ 1.52~ 

l.WJ
'.<.&0. 
3.100
3.SSO

•l .s.~. 

1«:tC 
SOOlD 

~~ 

.5.QM) 

5<JOID 
~1Cl'D 

5iltVD 
sOQ'D 

40tl'D 
scaD 
~~(kon 

~...", ~ w·',,·, ..

.c:i ~ rI 
TIm : ~1'j'jW 1,jty'Yll'W: 2542 : 'U. 89. 
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N'U1flll 



(1800) 

99 

run "-

03/05/51 
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<I 

nHlfffl~ 1ffUffd~ 

..., .,j 
l'U'JI 03/05/51 



101 

OJ ... 

l'U'YI 03/05/51 
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" !~~fffl~ 1l1'U~~'U'V1':i . 
leun 03 /05 /51 
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" 
!1~fffl~ :IJl'W~~'W'Vl'i 

QJ .d 
'JUri 03 / 05 / 51 



III 

104 

N'U1fl fl 
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1~'il1 control 

L 

EMERGENCY 

STOP 

START 1-- K RL:N ON /OFF 

Ll 

L2
 

N--L------L----.l.---'--

KI = ""'HmJ" . 
~ "" Ll = limit \9Il'Vl 1 . 
~ "" L2 = limit \9Il'Vl 2 
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urnh 

I 'j/ J 'j/ 

- m'il11fll'i \PI 'il 'j) fffl'lJfll11J~~mJ 'tI fl'llflifl 'l'lJ n 11 'l11~1Jnfl'U t~'l1'U VI flfl1'l 
'j) , , 

- llifll'i1~'tIlll'l11~1Jln'U'tI'U11lfifhl1'U1l 

.. " 
- tlflllihlfl1WVJflfl1'l11 ~'lfll'i 1~'l1'U
 

"
 
- llim'i~ 'l 'tI1llU1flflflnfl'U i C)f~'U fl rJ~1'i llfll'i l11'l1'U 

" . 
- fI'j111 fffl'lJ'l111 'U tl'll11'mi1'U 'i~~'lJ'lmlflrJ nfl'UI~'U lflifl'l 

OJ OJ 

• "j '" 'lj/ i 'lj/j/ ~ '" "j 
- m'iVllmllJff~D1lllmfl'll1'l'lfll'i !'If'l1'U llrJfll'i !'lf~ll'lfll\PIllmfl'l 

.c::9 't'!t G)91 ~'.cs' G\9I 
- f11'ifffll:llt]lJ flfll'i !'If'l1'U 'tI fl'ltmfl'lfl[J1'l'l~tfl rJllfl fl'U !'If'l1'U 

. a 0 Q,I..:::t

Emergency tmfl'lll~l1 Qllfll'iVll'll'U VI'U VI 
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7 

2	 8
 

3	 9
 

'1--_10 

4	 11
 

12
 
5
 

13
 

---14 



15 

109 

16 

. " .
1tJil2 fflVl'nU"'1!~V~'tJ1~n11~1J 

17~· 
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"	 " 
1.	 i)~'VIHm~'lJfln~m.Jl 9. fflfJfJ1~M1~lfJ'W1 

"	 " " 
2.	 11~1'ui'm~~'I.J'l.Jl 10. 'lf~Ui''lJ~~M1~1fJ'Wl• . " .<!I 0 <!I'1'" 0' 0' 
3.	 A9f"'UflfJ~11"1 11. Imfl~mfl~'Ul~:JJ 

0'	 Ito j/ " 
4.	 1'lJ1f)lnm 12. 'VIfl\9lfl'U1I'Ulmfl~ 

'" 
5.	 u1:in~fl:JJfll\Plfl{ 

'" " " 
6.	 11:JJ'l.J 1 14. i)~ffll\9l'UI"ff~nih 

0' '"	 0'
15.	 :JJfll\9lfl1InfJ'.i 

ill~ fll'lJi'J'jJill~1,r~1'U 
r iI "jJ1 

i 'U f1111 ~ltl1fl~'lJn~u l$i:JJffl:JJ11f1tl1'lJfJ:JJ 1~ 1~fJii'li'U\9Ifl'U~~~fl 1 UU 

" 1. 'Ii'U\9Ifl'Uf111I\9l~fJ:JJ'U1~ 
, " .

~GI j/ 0 ~ d do do do iii
1.1 'U1~'Vl ~'lf'lJn~'Ul~:JJ 'If'U'Ul~ 600 9f9f lm~ 1,500 9f9f 

jJ I jI I
 

QI q ~ 0.-=9
 

2. 'U'U\9Ifl'Uf1111\91 'J fJ:JJ ltl1 fl~'lJn 'il'U1~:JJ• 
'j}. jI , r I 

2.1 m1\9l~ltl1fl~'lJ11 'ilU l$i:JJ 1 -rl 'UvHifllf11ffrilfJl'VI 1~ff~~1n• 
2.2	 tl11i~'lf~fflfJ'V'l1'U~11~fJ~'U1~Jl~:JJ t MIl1:JJ1~ff:JJn1JlPchlll1'l1 ~'Ufl~ltl~fl~. 

o " <!I. 
'lJn~'Ul~:JJ 

o	 I 

\9Il11l1'U~ 

.," •" <!I,
3. 'U'U\9Ifl'Uf111'lJn'il'Ul~:JJ• ",	 . 

QI	 r-t 0 oII!!t do GJ I iJ 
3.1 'il~I\9l'jfJ:JJ'U1~'U1~:JJ'VI'lJn~ ~ff\9l~llm~'V'l1fl:JJ'il~'lJn~ 

Q rI rI do ~ tlQI 

3.2 Itl~"'1'V1'lf1'lJ1mnm II" ~l fffJ'lJ U" n:JJ fll\91 m 'U'lJ fflfJ'V'll'U 
, " . 

3.3 n~~:JJ START :JJfll\9lfl{'Ii'lJfflfJ'V'l1'UI~fl~11~fJ~'U1~'l.h$i:JJ 
.<::::t,.<::::t,	 .o:::t, rI QI d 

3.4	 \9I~llnH'lf'U":JJ\9Iff1'V1'lf \9Il'V1 1 fflfJ'V'll'U'il~'H~~ 

o t o.o=!l dQl QI I 0" .	 " 
( \9Il11 'H'U ~'Ul~'U l~:JJ\9IH'V'lfl~n'lJ'Hl'illfJ'U 1 ) 



•• 

• • 

• • 

• • 

• • • 

111 

III 

, , 
~. ( , .,.;-:S.~,~·~1\~/·' if, 

7c>V"~~ '\'t' 
0;rAml'1~'.'i''". "'. 

3.5 fl~thJ RESET m:t'lHlflff'lHllJ ~'l-J'Hd~ltJUli:l\l1J1Vifnl'lJd~ 
•	 OJ 

'j/ I " I 

3.6	 ii~tJlJ ON 1C]1~hAtltJ~'il:tttl~Ul tTImJ'J'J'ilUl~lJ 
'" . '" 

3.7 ii~tJlJ OFF 1C]1~UtltJ~'il:t~~Ul tTImW~fll'J~ltJUl 

'lJUl~'lJd~ nm~H (lUll1) 

"'''' 600 C]1C]1 81 

"'''' 1,500 C]1C]1 92.6 

, 'j/ I 'j/ I 

~ 0 0 ~ 0 ~ 

3.1 0 tJfl~:tttflHt'V'ltlU l'lJd~Ultltlmfl'Jtlm 'J 'ilU l~lJ• 
~ c, <I <I"j c, 'l~ 

3.11 u~ffl'Vl'IHU'JmflmtlJtlti:lfl 'If\llU 
, 'j/ 1 " 

3.12 YllmllJff:tm~tfl1tl\lU'J'J'ilUl~lJ'Vlflfl1\1"'Hr\lt~fl'1~\llU 

'1U fll'J Ul'J \11mlltfl~ tl\lU'J'J 'iltil~lJ 'l..riimtJfll'J '1~\llU~mdU lU tti:l:tffl1J1'JtlYl l\llU l~ 
I ,	 I 'j/ , 
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