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ry 'J5'i'i 6;r*'i rf oi-o &.,'''i9 .fpressure head iossJ ,.r,or Jai_ant -9,o, # Jeg+aJIJdi-hJl tf bE^g 4$th g* ;rr*r-r tur,.re ,,lq-r)r shrr a.ru+ ,r.:i gr.:t r^^)rgi *, "L;lr*d^IJI CJ^,.,JI ;i9-ii9 $L"JI o+s! oJc dr.'^,yl o$ i_qri _r-idg.*grju *,AJ,I',*
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tirUr irrr tl puret

"a,ffiP

cdJdLjJI jti)rJl /
.01{J+l +r+ri d9h i:l" *iit!.g gtaJl dJi Jai.b .9* gp oJtrs ;! r^i +r-i LblJ eit^J1 ;qJ+ .ri"
. - . - 

t t . -- |
9o o.ri-si u<aJ gug ,(,,1h,;dJ gi 6t9jr) ob+ll e9.J (JL" ,t^;.htl r9a.c ,ri 61t-i lJ-1l.Go .r.jq-r9

:i.i)sJl +*r:. [Re) ;.rt949 .r.rc j)i

[Flow velociry, m/sJ 6Lu+t b]-,u
[Pipe diameter, mJ +g+]t t,^;: D

IKinematic viscosity , m2 /s) i*(,1t.i"< rt i-:g ilJl : u

:'.j![ ','"'^ ,'-t]L:)l Vp Of*r+ll 69-19 Jaa-r .Lr rri u(^J j"rJg-rr.r.E gl)ti U,o dJ,h d"+9

[Re. 2300J 0* t "i" rs-6t+il {jkJ+l o

[Re , 4000J Ugq h*i" r,;uh.'^^ rJ OtJ+Jl o

[2300 < Re < 4000J 6eq h".,r:,.,JriiiIr i-;tt+Jt o

Eto:l a19-rt -4.,h ;.,-: :jg.i-,:t etuc EhJI aH eHl jlr<i^)l ..rli gr^.I Jan h gr .bgl^J I ahg
.[Friction factorJ [fJ .llSis]t d.ko uf* fJ+ ] d^t"^i +r*ioj f;*.,r 6.ilt9 -eJa*JI ;J,,jiig

:uitihJt OLJEJT aJb o
"0qJ+ 

gl9-r ai-,rl;r 6-rf:-, [Poiseuille, 1,797-1869) ..r,f-r:Sl ,,r-r-riJl O:f*:f OS [1g40J rob e
rLr'il Jas'hll 9i ;*rl;.r9 ,ua6Jl .rlo+lg rLaJl asgjJ 4h alux^r +LljJI aJ,,r.IJI ,,,*till UN ,r^.rr

fa"+ gP a:jr.iJl tsgll dli FJI |tjJ+ ,rt" "+[il €*rb: to.i*. af,f,;J U! LT.,,JI ,t5g ,;ffn-fl
':'rr 6-rJl [Reynold s, 1,842-lgLZ)j.J]rJJ pJldl 6.r]9 # ,:dts a*rt.,;Jl o,ro r-rl ;i,r.9 .gt .r-r]l
gi 'g*+Hl 0qex j"J+:J J"rc ur! u ^,h rr-rlS rr,.,.r9: ra,.,J.r glr cq-EJI i)L: JI )l ,0ti)+JI jti,6i
alI+ [f] dlsr:]l Jol"^ UrcJ+,iJ g.t*,:91 l^*JI ul-gj,.rjJl ai]rpJl ait,i.^ 6.sLcl d Sg .[Re < 2300]

uDRe- _
v

6+f - 
-Re

:ir.r,.alLr i ti^ r j.rJg_l_r_; .r.1,

Jt*o,l # iai-hJl ti,,l L-g [Darcy, 1803-1B5BJ e*,;t.: ,,-- ,Jo,t ,ff,ff:H#-::'
;ii)*Jl '4,-,5 .[Head loss, hr,J Ja-ilhJl .9* !+ 6.1L*AJI 9i ,a.X^li, ')Lio-o ,,,r.,,[]l st-rl.r,-uuL

h, = f --- 2gD
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2AP D

ou2ct
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:'ilL( (Pressure drop, Ap] 'hi-hj, g€ eg+air iJ),rr ra.ic rss;Jr irs4j 9i
L

,ul ,.,1_

(fu * hz) Jd.bJ, J9o€ g.o Jagf.aJI : ft;

[Pipe diameterJ +].yy, N: D

[Fiow veiociryJ Jq +rtu], , u
[Length of measuring sectionJ *gf,N ;t-l+t tJa;r t)gb, L

(Fiuid densiryl dL^J,i..ilis : p

:i-i)l-dtr s..r-,hJ.!L(Syldrtia O,clrrit,l06^J .6J*+yl iJ"rh.qJI :+, 6.rlc!9

pu2 L

;r;rrhi duil sJ" d9,6sir p,s ,-Jrs:-:y, rht .a g1r.,,r !f .ilh,h^Jr OLJ+J .,*ura ai>{c .qJ.r ,-,r"{l^r .r-rc d*in: S9 .ad::!;tLrii ;,1-r rL*rln ,i#U,9 a.ili=a Slg^l *rliJl lJ.o +.,rJI d). O.
'[Lewis Moody, 1BB0-1953J g"g, ur:gJ sSJ4]r ctoJr #;*,r^',r^-- lJr<i-)u gJ+x,

.(Moody chart) g.9o,hL-r.o #, rlrbig
efee'dtyi e,o [Paul Brasius, 1,883-1,g70J ,.rr,,\ ,,..,r-aJyr ckJr gl (1913J Fb irog:fi)l*Jt ,_-. +.,lh.irnJl Otr_J+U [0 *,LS:s], rj*Lrog [ReJ;,19i, .rr, ,,r.. ..i,,
f = 0.3164 pr-o.zs ; 3000 < Re < 20,000

uJc .'ajsr t0 oi r+99 .(0 JJr<i1Y, Jot og (ReJ;r9ro., J.rc r)*i 4*,t**Jr G)rJr ,r.s,ii,r), r-r-l ro5' .[Re > 4000] r#r-]b+r O!+r us! r^.ric (ReJ

:i.rJGj:t, ;J.eJ.oJl Ah c
'[2300 < Re < 4000J j"J'YJ Jrc uJ4 n,o b alrilo*axt ,rJI qr+h,r aJLaJr u* d,.:JLJ gr,rn, i.*.i-l'^':, lJgL.r lrH* }*r4 J,r^ 6[Critical regionJ t.] Jl a;hiaJL Jga:j, C,o ;.ahr.cJl o.ra sc,jg

'at' eu: r+g-, y t"s.[0 g (Rej o*i ai)eJ, ,J*,-rv..-r.,..J- gi.r+s* ]g.r.lrs:.xllr.rr"



;{.aiJl jL^+ 'i,a g {

,Ji^J t3 nirnJ ,rl:t.r,il.+ u,a,JJl r.Jro 6Jih +9+ri gr.o oL.ri rltS.:iJl gF e+#f "#+ljl,r+ dq
4JrL6j d"irl r)€ +g+Xl Jfr-r:.t1] jta+f #<*^ a-il ut",Fii dSd- r,+ih.l4] gl-llljl3g#i

h{ .t2] ..t},aiJl nf*- iJeulg-r ,$-}l 4irtaj tt- rLdl *; f<-':tl fiig ,rt-oJl i*e+.r a^9hi+J

F+. hir,rdlur$ aagrtin sJl Inalr.a*,er: t3] (*l#glq rhll 69-p9 elgsrl.ri-6hle -r-ic,-r9i-rll ,hli-l:

.t5] gc.',#tiP+J,+9#iJ'1e hy ata99.irS-rJg.; rrarl iJgthJl ufr jU+ff e=g

.|tJ+l t9" d" dJ)s e-i;Jl e+S t",,,Lu +tig .|tJ+l +9*",i !l ,u:t )*a+ a,ll "r.sie:

t,ro+q"hJl Ot##lilL$
J" .[6] -.,9.,!rJl O'F Lrr.r1 jt^+JI a.9J.&,-,liq,-.oli.i,|lJ- U.!lJ#l :J]+ri i:ll rtnl, .]i++J fl:

dt *i" ,La.l, i:J"^iJ []-1] F]19 .u-r$rl j6.:4Jl rl. rH! o.t^.+J [10] l-o.r-:i 1';got". t .rgJo

.u,b5LoJl slail ,i.,r,-a,i ol)1. ,-r^ ,or: t7] 
"9*ri 

,r& "til+ -J+-.n a-ll LrlF !5F: .|Lr-j?Jl ,r#i
d.'"oi JIJJ+JI ?g1-riilp?.r !Lo;1.,.fEJf..,g,|llil, g!r[-r et^lt,-,,,1i 6gi*r.o9 t'g..rr,o UJc alcitraJig

'g*L:Lll |qJ+l iJLrg ' ''"'li;'r nt3il"g Lblg e""i

dg."Jl e"Lihr^r C*l.air t3] 0##id.-91 Fi:i.Jgirll stsl.r Ja-ir.hJ, Jeg-ro ur"t# a.,.f: a-.,:.ff-., toi

J.c Jer.bJl ,rg,.oc €lfi.1, j9:l r-r+rft ,[B] ,j/h +g,1, el Aff +#i dS {0LJ+t ++t,y GgpJtg

Jar,hll t'"So" €Loi.l, 9r fglh^Jl 61lJI p1lej1 f<5Jl ,or: .+i= .d;Jloj Jj.c -l,illg .,i#)l LLa.La

..,;,r* 9-.rL dS,.ti-.,i -'ti" [9] , ijj' ill]5r,a 
OI^.a_;rc



Orurimrl Prr€
Qn nl<tit<'PJI ,f,
%,r^*n t'

rsJtjh*h:*, 
Ok +t aJh

aa:+g'g "-,g"Jj'qJI clF uJl rt"nJl 'ts+: ,r.ill Fr{ I,J ,ltc go": J.rro erl 4+L.Jr 09sj aJLaJr oi6 #J.ll'l ro+9 'JLi +l +#i dl i-rsrJ9-1-r,rrr iJg[rrL ,r^J',]aJI ts] ,g**i]Jr .{a+jJr -r5.ji * ,;[
,, .. , ., [BypassJ t1z] g#t..Jl g]:-oJl-r*_]oj 

r"t^,3 _]+q
dJ* u-,t*io rrJI t3] ul*-9iJl ,jdg.lJi ul.^r r*- +g+Jlt shl"r ,u.. ,i6ur^ ,_r_,s a*Ji ;*_,jJI_, tai

'gtr#t'Jg*",y egFJIg L',:,JI !+ihir J# t^pl JailhJr GrrJ 6J.r,tr a^*i ,rar1 grsl

:i-,:)l rlpll +o .15till # elt<;.yl]ir,.,:, jf^: ,;leg
[lnstrument panel] 1r ^!l rls*6 d.agJ ,1

. [Drain va]ve) ,,;,lrajJl 
fLao .2

Ja-i;Jt €Jo u"t..; eJi,rJl d*69i.JI ,r:gf i .:
[pipe sectionJ OU+JI -e+,, .4

[Hose connection for water inletj g*_,_,,]JI 
.]*daxt 

+g+_,i ,S

(Head iank] ..re,4txJtOri .6
(eru't11 r-.,rqa{r-all :,,1;-, .ryrri .7

, [Water manometerJ tjlnJl;gne,rta.]l .B
Jer,bJ, .rg.G 6t-ojjl d:S._., ,-of^.- ,9

finiet vaive on head tank) .Jg-,iaJl gl-r..r ;,o.:L,i;.- .f O

[OLrtiet va]ve on head tankJ .-rgiuinJl u,].J +J.^ill nt^,- .tf
[Bypas.s) 1,1r+il uJ+-qjl fd,a .Lz

[Dial manometer) Jai.aJIrsr u,$o .13

[Moody chartJ g.r9a, r^"r^iqJ 19^ .74
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d-tJ.e&tt *le-h.sJl /
.,rr-*3!l I+a:JI ++:,it-{, Lry "!-*,g .i.rSrJg-;.rgn U .ilgihJl ..rL i*ioi o;g.al jt^. rl ,-,,,i.1 *! .1

.#HI ;l;:ayhJl 6o a-:,;ing alsa-o .uc OLr_J+t+g.:,ti C{la}:}aJI 13] (}##X, LEag: f\.2
.:+.,s*JI gljal ,i,lr,ar|Ig j*a+Jt g.ot^.^ [ii9 ,]!j lZ] 0!J+JLJ9+-.,Y ,;], ;t, Fr;.^ e_ pt .3

.lf Zl (Bypass) s-p.oJl )#ni FI^,a 6tis ,[10, 11]
jt^+Jl-,1-,;,b,,,iril ,la: srolrjl i:o+JI Ft-a,a 61, C,^.rSi:ff 3n,i:SJg.1-!,nrl iJgthJl a_:_h^ rG,t,i.4
-;rc *in uhiloJl 'i ig ,-r$-u,qJl llF 1,.o rtdl 6"j_ry, I^".rg ,i*}jJ.j & F., .rtall 6i.r 09! drai

.eih.Jl -#i
*""] "Jl+l gp Plt! +^ '[2] ' i., r,.aiJl FL- J)^ 0. *9*r]l +o rlaJr , ;.r r..a.r ur"o^: as-1xl p,i.S
€H;l G} e*a::g e9.*: rl,.rri^grl^Jl rG*',i ,i.rr.aijf ,r-ol; d)- rxg oJ)Li cp,f-,* p: .,g."j dri

.[2 cmJ l^a+ €]ille.i.4*l uir*gr-rt^Jl ;..,r]J.lS ."rJc,h;,. rl g.rg,ac

ral GJfi"JrJI oorl '-rl"'-9 6j.ro ,b9 gp *i-;.^ilI rr-o gn-:ir ,rrn"IJ ..r.o-r:Jr ,;,#,^irr Lt.$.e :r*La: ,6

.d.t4 p.,_1

eH.,l gP O.,"Jt eq f, .'f*+:-1.:9';,L5 ,;r, ;tt p{^.^ e* r.fN a,.o Ii}rJ: Ot{J+t 
"l-r*,o 

6.rtj p:: .7
LJ'^i F ilg.h'll rrg 1."<"r.aJlail 6i,r.rg,i,riJl LrJrr,,,,,,-ig.[3 cmJ e,a! J.,e.,.ir ;*"

[10 cm) s-it ,h;.' U UJe-a.c el.o:-.rt.,.oGFI

LJ. 13] d+J:ng ali.u .ri.

,,,g,{i-qJl ;l,pJ , 6l r,a:Jlg

" rs:t-rlahll 6lil+ll iltr,J ;l+UiJ r
;fgn--ff :Jg:ti a*h+IJAJI ary#yl ,l*,ig ,i.i.ia.nJt ,ti,la[ p,: .B

.IX3] JairaJI g.,r" u"t* ef .hl.lig ,a.jhJi.:t;:ngrtnJl

iP+JI LALa,a GrQg,i$ C,:*rl +e1,),ijJ, irl pr^-. e], F-,j.9
.d-lS[i [12] (Bypass) 6;:.c.lt ]**;i Fr^.^ e*:g ,LU_: [10, 11]

''\ri. 'lr'^iu FLa,a € a*.,Ja-r*b'JI g-p ur[*;rlro gb [,rr^i"l ,i,lu.aiJl ara<r f,<.jtJ F+.10
.otlJill oio'J ,.r-o+.ll {S,.or:JI gl,r*.o , ",,.,^] h.rrc , [50 mbar) u,.r6oall 6rlJi e*j

JeilbJI r6da't"p€+!.r.,',;L*JJ,r-ai^l[ CIr"jJr qJ.rsn,,,,,-^]i-pulssrg,o)lri 6qlaajl Ds3,11"
.(225 *f rri to;t$a (-,,uall ulc

.aJ ;.Sr:lnilSl o+S/JIg ail_iSJl icro ;J-p-o u-J"l rl-oJl E-;I.;r *)JJ ur6-, .12
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oruriojl Putg
69, ;t<'titgLDJI {l

%,,:,ltso* Y

Q - VoL'/t , (*'/r)
[secJ iSPn r-tl i.p.lJl = 6

u= Q/A (m/s) (2)

Akl..,\ tl ,/
[0J r[.n.JJ ,.r.o+-:jl 6-iriJ I ,_f,r-en , ,,.^_1.1

[ma] sqa.tl ,-l * = Vol, 
, 
ol&s

:i.ilsJl tr- [u) |liJ+J I i-c,rd ,.,,,,..i .2

A = tr Dz /4, [*rJ ;r1b+l t'gt i ellin a_:Lro : 4
3 mm = ig#il uJ-.lJt rta-6Jl ; D

:i"i).s.Jl t, [ReJ jJg-r*J 
"", ,,,..,^i .3

(1)

uDRe- 
-v

dg+JI i1n (;J.J+]JI ,l-nl'iig) -.1l_p

(3)

L.r.r i.i"rro.u1 rLnlJ [vJ a$$UrSil 
"]gy'Jl 

a,ari L1.,.i ar-lo

:;Il

f-

ct-

2ht
-----;
p u''

ZAP

Properties of Water
,Teg.rpe ature ,' .9p 

:

0lks'K)
:|.',..

(m17s),;.acr;,i

273.16 0.01 999.8 +220 0.5 610 L7 .9I x 104 13.+7
275, 2 999.9 +ZL+ 0,5645 L6.82 x 10-z 12.5 5
280 7 999.9 4201 0.57 40 14.34 x 10-7 10.6 3
285 LL 999,5 4L93 0,5835 L2.4A x 104 8.91
290 T/ 998.8 4LB7 0.5927 10.85 x 10-z 7.66
295 22 997.8 4183 0.60L7 9.600 x 10-7 6.66
300 27 996.5 41,81 0.6103 8.568 x 10-z 5.85
305 32 995.0 4180 0.61.84 7.708 x L0-z s.18
310 3/ 993,3 4L79 0.6260 6.982 x 10-7 4.63

: flta:t 0LJ,}U -

r .ith.)r-oJf gh,+l -

D

rfDarcy correlation) u+"Jh ao)r 1-r" [fr.tJ ,;r;-f l ;Jl<i\]l det_?n . ,-,..'..4

(+.L)

(4.2)

L

D

pu2. L

:ul ,,,,i_
,[Head Loss = fu - hz, PaJ .ltl,+-.tl +g1,i e]*9 uti* u* i,:Jingrlrll up etxJl Jar.b.rc-ac ,ro ursll : hL

:a-r:Xt ,.1t 9_r:ll arJs alr-:)h 6n
1- cm of head loss = 100 pa

E.aJA



64t
l-

Re

f - 0.3L64 Re

'-,,l+Lll &;g oiJL- i+..r" "j, rloJl Llalga iJg*+ u* .1.'^i9 ,[water density, kg/nrsl rhJl &_itx : p

[Flow veiocity, m/sJ ;U+l z-c.y,t t u

. 400 mm = [Length of measuring sectiol,m] "i9tN rju+_Ir$;a j9.u: f
[Pressure drop, Pa) -95.,X egFllg d+"1,a;].ra Li*j t^i,'^rl ..rr JaXaJI : Ap

:*giIa:JI ;rG)-p.JI rfo [ftnJ U]6J,rJt<ia]l L,jk_a fr.^.S
:ul*r:g_r ai)b FI.i^i,,,Lr ; [Re < 2300J g*t+il OI#+JJ o

(s 1)

:s*rg#r)-r i.i)Lc p ,^;.',i : [Re > 4000J s{l}h.byt OldJ+lJ .

-0.25 /-.)\w'LJ (5.2) ; 3000 < Re < 20,000

:fliille ;rtetFtt ,/
:,;!LS fkj+Jl e9, ul, i;LqicfaJj:iJ.,l arjndl nirlli.Jl el_l"lr*:

0le$Jldg,t"

:.lL,rhll Ot*J+Jt ;.JIs . 1

.n_
1- oC :rLaJI o;l;: a:.;.r

' - :-' .,,'. .,.
L9lrf{Ejl UE}],

: Test No.-, ,,,,,',iA,Efmbarl .
, VoL:[m3l t,ISecJ
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gltiiJl.jgar

eliill a.iiiti4 ,/
:i.i)sJL )Lin4 ,/.-:# tft, ,h;,' lt .rp,ec ,rr 6,1t,.,:, tf &jts lrl .1

Pressure drop 32 pu Lhl=

64
f_
I-

Re

u&.[y-axrs)

fJ ,snbh,hlt

not'6 pg D2

:rJgg d-i# JJI<i'all d4le€ a;)c 0i ,.r-rJIJ y$u"*df -1"r-e-r-oJr go i.Gr<dli +i

[f".t] ,r;*"^,ttg [ftrrJ UA]JI /Jt(i^,Xt rJrkog -[x-axrsJ j*J rt,t J.rc U# ;_i)sjl f,ilt ,Z

UIr_J+J, ;JtsJ JjJg.oJI u*rd p^: FI Jel..rg .!++hJt OtJ +t j.JLrJ-.r_:t9 Jal^a4

.fiill ;ry ;)E:)l A":.riL,oJ it*"i 4:)j JSJI

;;biJtffj fq4.ll ".-1*,
jJc+J.r,rc e6+JI gr<r^x, d;t 4 gflii;Jl .fl t,<:^ Il rJ-o{rn

Test,No;,r ,0.fniltseC] rru,fmlsebr) ',.,Re' , fr.t [Eq.'{:4.X1;l ';fth.r f'Eq;,[5;fi)I

:sJl_,.b"hIl Ot#+, eb .2
1;rlltlpij gfi$Jl:qi^ill g.u. r ![:.1s'JI a+{ jJ9.r;1 .r.l-e #$:J, dr<:{:l.Lblrr graJl ;irKi":l drtEa

TeSt,No. 0:,[m9/sec.,], :Re fr.t lEq; [4;2ll ,ifir, :,. l,,Es j I 5.2')'l



;':*:""l i;::iili;.i;1; i l'7 .. :-iI,

20 I / :i1.pilr nd iltb

tslgaJl f!,ilaln J+i3.n

&lrl$Jl ei9"i

t^. lt L--
lt !'vI ""i--"

/ ,, , r--o 't 'i js ?-)- "*

(Bourdon Gauge) Ug{g* sortrH ^
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