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t-Ct-La~L~uaHlB~:m { } n.~1Hltl.fit:l't.~ 
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n.~~~t-afiu~~LUL~1~LL~L~mt.~~a~,~a~ML~L~UnLt:lt.'n.~n.~~~t:l~a~ t.L~Ut-~~Lt.~Un.ltl. 
, 

{1} ::b:b~ nlJll,t.~"L~~::L~l!I '~Unn~ ' .. 19t. p P::> L~Ullltl.n.~~.!.lBt:l~t.l'l.UU 
¥ • 

~t P::> L~L~.!.LUltl.Lm.!.Lb~~It~IL~~U~L~L~t-~ n.~~.!.IBt:l~t.a~t:l~~~naF'~Lt.~ 

t-afit:l~ LR.UW~LUIt'\.l''\.L~L~)J-:l!!~ ·LI,<II.9Wt.l t-LulJl'\llul-lJ L L.t:lUp~Lt.~un. nLl' (:PC3nC3 t?]::::).l au"!) 

nap m I.. t.t.I t-t! fit:!H L{'\U~ t-a~ t-tJ . Lt:l t. 1 n..v t-~f1" Itnpr I t-,1l1t l.t, t:l~ I t-a fin.,iJI ~ oS U Lb: t-a~p n.,iJI ~ '!'19t:l:i t.t1.'\. 

Lt.~I' , . U L~t.~")JL .. t1.M.nt1.l._L t. t. L,t:lU)J~U ~ ~ L,t.Una!"ct;S t-a pt.l , .tLU t-a~~ t:l" t. ~ , lB t. .!.!9t.L"UU.sL.~ L~ 

n.~~ .slit:!£.t- L. n L,H L!,C_lBt ,P::> LWULt1.Lj!l L~L~U.s L~L~~ t:.pt:l~a!i Lt:l t. 1n.~ t- t:l19t:l~Lt:l~ I t-Cfi 

n.~~~L~U~t1.~t-C~~bUCat:lKt.Lt:la't-afi~~mfit1.l. uaa~~t.~t:l~,t-cfi~l.~cnllB~'~byt1.~ULt:. t-~K 

n.~:: ~ t-lJ t-~~L Lt.lt;Jt-,1lt1.l. L t:!11. 1 t-afi,!"\ l.:: t:l" lBpu Il~ bo! ll.t" t1.CI.!l t1.l.C\i t. L ,t:lU t. ~" L~L L~U )J-~Uf1~ to 

L,LUUt.~:::~t-~ 1In. .. II:;~IJIt:l£~ II 1.ILUn~' t-~"S~ug P::> L~St. t-ULl.,t:!U~b:p~LLl!/Un.t1.l. 

tt n.~ 

t-t:lf\"t1.npf1_
'

!11.. P::> I..~L,Ln.M::t:~U("\nl9l .. lBL P::> LWULt1.L.l'ULlfL.U~t:)JCM~nl .. t:l~ tt n.~ b l..~.!.9l 

~t:M t-JfJ I.. nLt:l~pt-J4LJ.4 1i ~ t:l',,' b 1JI~t. .!.l..Ul..J.4L~" - 'Lt:l~ I n..v t-t:lf1,mnpf\ I !it t-,1lItl.t. t:l~' t-C fi 

n.~::.s~n19l lt1.Lrt:l~tt.t:!~It-cfi_~l.nC~f1CWYf11..t.fn19lt1..vl'l.~~Uf\£t. PJ L~.!.l.Ut1.l. 

' t1.C~n~' P::> L~}t-C~~t: t:l11.t..sLUL~I.9~LK (t) .!.LU~~l'l..!.LUt1.l. Ut:!l,t-Cfi 

IJIlh~t-~'1UI.t:t-Cp\t-,~'~L'Ll!ICId ~ ::t:!" lUl.t:.lJlkt-,1lt1.l.Lt:l~'t-Cfi'n.A9::.!.t-Cfit-~KLt.~C\# tt 'It-~fi 

lB~')J~CW 0y '(~uC31~lJJC30J a~.lRqJSlP) t:l~t..!.LU~U~::.sf\K~C\i P::> (t) .sLUK~t1.l. 

(1) tt~zt . OyP::> b 

ULt:~t.I..~::t: b t:l~t..!.LUL.sI.9~ (a:::)R:::)S APRCl:::)S) 

I.t:!L , rw t-t:lf\,mnpf\' fCt. t-,1lt1.1.t. t:l~' t-Cfi t-Cfin.~a L_U t-.1lt1.~~~CI9U1)J- (ClJ1TPO) lt1.L~ 

t:!~LLt:!~'t-Cfi~l.)JS.t-CIdt.t:l~It-Cfit-Cfit:l~L.sL~L'!'~~U~.!.LUltl.Pl.U.!.L~L~~t-~~St. 
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3. 

!HH1\1~ LLR1~.n!11\.lf'1·1\.I'Jrn Cd :In'''\1il~ 'hH 1~1J'\.,I ~'\.,Iilt)'\.,IL\1n'1~'l·1LU'\.,ILY4"1 ::r1~1"; 

,hSJ1 ~ ·nun,hm1 ,.I\;"h ""t),. L,.'\.,I L "'U~f'i"'1U~SJ~1l1'V'in1 ,.l;"'Ali ;mL~n~1 ~1I~1..ty!Jil~\JY1F11'SJ 

f{'leu"1L A~LJ';LJ1\.lrl'rru\JY1f'1'J1~nn'11SJ'l - {l} R~LJ 1.'\.,I\.m~1'1W~'3,!'\.,I liL A'\.,ILJ'rsLLnASJmT 

f'11u~SJm ~ 1\1~ LL~ ::1.J'-'~:: 1UtI';=l1 nm ~ LLnASJm T1.'\.,Im,. Afl~'\.,Iilil'\.,lm ~\11 Cd 'l1 nm T""~HH 

A~liSJ1n 

A ~u~f'i~u1~"!JLJ4n~~~LU'\.,l~1,..~ft 1.'\.,In1~L~u~ASJn1tf'11u~SJn'''1~~ q::iLJ~~~ASJ~~~~'\.,I 

.r~ ~ul'-'i1 

1. 

2. 

3. 

n1Lt,~~,,.rn''-'fSJ1il''''''JU~SJ (control volume) !Ju~!Ju~L~A'J~L\1~OlJU1.'\.,I 

tr~ "11 nn~;tJ~':H tftJ~~'J~'\.,I=l ::1i1" 
2 

,_ 1: hA d ~ . 
g dt, 

(2) 

1.'\.,IASJn'1T (2) P 0 LL~:: PI ~u"''J1SJ'~'\.,Iu''''U'1n1~''uu "1 11'~ U~::f'111SJ"'\.,I!JLJ~!JtJ~ L\1A'J 

f{riutf~ il'lSJR'1I1U UA:: y ~LJ~-1\I~..rn=l·'L 'V'i'1 ':: (specific weigh t). !J ~H'tJ~ \ ~A1 ufSJ"l'" 

i1'\.,1,J-WtllltftJ4 ASJn1 t (2) ~tJLLt4 .r'Yis1.'\.,ILL'l.I~si~~n,. ::r1'~!J~4 L ~~ 11.'\.,It!iSJ'T~~mu~SJ 1.'\.,I!JtI£::~ 

L !lU'\.,l~SJn1'f'1R1 U "1 n'\.,lifA"~i'un~t\1!Ju~ n~f1';urNritJ1.'\.,IU'\.,l1 ri4 LLA::T ::.ruLm'\.,lf!=l:: L U'\.,I i L !l'\.,l1.u 

nttY.f!n·1.r~~=l'1 ~rn1lJf;d' 

.' 



y 

p 
o ~ (dh)2 

2 
2 dt 

gR 

4. 

(31 

l.\.l.h.JWH" (3) R = A /A 'if1fJ'i'I A F1u~f'\t1~tJiHt LLA~ K "uri1.rWt~~'I1!n·n·ijtyL~u o 0 

~.r~~1\.l (head loss coefficient) . ~~~~1\n1~U l/C! ~~~~ntm~u~n1t1~A~~~1 
(steady state condition) 

flt~&fU!JtJ~L""<'l')1.\.l«~<'l~.H . LL<'l~ri'1~61 PI - Po · 1.u~JJn1" (2) LL<'l~ (3) q~1i')'1 

1 '2 
h h" - - h + gh 

2n o (4) 

1.\.l~JJn1" (4), n = R
2

C! ~~LU\.l";1~~11'LL"'~LU\.l~tv.~JJu!JtJiHn~LL",:q: hI lL"'~ hIt lIu 
2 

dh LL"'z d h m~"'·1~u ~JJn1t (4) Luil~JJn1" nonlt'near .second order differen-
dt dt2 
tial equation 1.\.ln1tLLn~JJn1" -(4) L~tJ""1 h rhu\.lv1l'~ ri'J'\.ltJu-t t q~;u-t LU\.l1.Uil1JJ 

Llu\.l1v 2 
~ 

(initial condition) F1u tlu 

1. h(t = 0) H 
\ (S) 

2. h' (t = 0) = 0 

1.nRuU\.l~ (infinity) 

hI q~LU~V\.luU1~~\.l~~\.l1.~1JJ~i L~"1~q~rl'1.~~11JJL~4~~1 

~4 L u\.l1\.11,11" ,r4~\.l'\.l!l'14dm1JJ·L duu ~~ ';u4U'1JJ1 FlfI L <ttJ~ q,n . . 

~\.llliJtm1 ~ f'ltl101l'i1 Am:"f!\.l'1JJ11.J'1.\.lWl t LL.~AJJn.". (4) If-n.UU!l'14 LL t nd~u\.ltJw'1 4 V1 '1 LLA:: 1,1 

1f'1~~u~<'ltJtJ4n'1"\.l'11u1.J1.\.ln'1t~'1";1 Cd ~~q~1J\.l'1JJ'1nA1'11.\.l~~ 

• 

, 
rl 

A 

(h 

b 



5. 

h(t) = (ju - 2n.)g 
2n H 

(6) 

tflUf{ h f{dhn~4nJ'\..I!1'H t "l'\..l~,.m1$" (61 ~::dj'\..l1u.,'; ·SJdiJ'\..I1!1fl'~::V11wi'\..l~)Jn'l~ (5) 

LLA::UmitJ-4 "l'\..l!l14 h '" H "'ftJ t '" 0 

hI = (7) 

h(t) j n~ . J 2 .[H - - 2 (1 _ . n) t (8) 

~)Jn'lt (6) LLA:: (8) ~tJ solution !HH~)Jn'a (q) tfluf'lfh.al14LLtn 

(h '" H "'ftJ t '" 0) .zf4LU'\..l!1m::l'ItLi'il4UnL{!~tJtJn n1TLuftmmuA4tJtJ4T::"'U!JtJH\1R1 

,. 

~)JmT (6J LLA:: (8J ~'1)J~TnLflull~~i)~'\'\..I'C.U!JtJ4 1 -1* LLA:: t 1;.r~1l 
{H 

1 - 1* 1 - [COSh ( 
._ ~ n ) 

(1-2n) g ~)] 1-2n . 

211 ~IH 
(6.1) 



60_ 

1-~ (8.1) ! ng 
2(1 - n) 

t 

~ . {h t oJ'" "' M~ -_ 2.14 x 10-6 
n~1y.jt"::l-1'J14 1 - JIi rru.[H 't1161~1tlR:wn1t"114RtJ4R'1l-1t"~unnim n 

LLRiJl4 m,j1.'W!ur{ 2 

LLn'W~4Ril4 (origin) lutJ'4~"t A .g,.n;~1nR:wnn (6.1J Ll~::A''JU1'1 ,2 c214L\JuLiuJlt'4 

(AB) fll;=nnR:Wn'l~ (8.1) ~1niu!JV'l~1.'Wuf· L 'ltv.~lJ1L f:wiu 'I:n\{'W'l'1ni','Y'lrl1.f\wq1nR:wn·", 

(6.1) ~::LJ1~1~f\Lr:w~'WtJV14 asymtotic rt'tmnu _t_ LLR::nt'1,.jL ~UJlt"-II.,h.i'l1 n~)Jn~ t" 
n .[H 

1 - 2 (l~zn) (= ~1.48 x 10-6) (8.1J OI::G1OlLLn'W 1- ~fI~;' 
(1~2n) 

~1 2 - 1 (= O.OOQ46 ' ~'W1~/L~~~1/2) 
~ 
J 2(1-n) 

'dj'WeJR L 'lJtJ4 ~1 nm 1:W L dtJv'f11;.r61i'i'41tli. 'Wn-a i61-iJ1 tf~-II R:wn, ~ (8.1) 01:: L ~'W1.f1v'J·1 e,JRQ1 n 

Fl11:WLdtJv'Yh"t';R:Wn1~ (8.1) L;11.~1·1 

1. t"::.rutrtJ-II Ll-1f'n"twm)UL f:w.;v !!~1)J1nn1''lFi'lOlf-ll nR'11~tJ ~1t"=.rUtJil4 L",R'J 

2n 
(1-2n). ~ 

flR:wn1~ (8.1) L~'W~tJ R 2 'l.'WVtv.='t1Fi1~f4~il R 

' n ' 

L \f'WPltJ 2 (1-2n/2 (l-n) H 'l.'W tltv. = 
ng 

, 
" 

h 
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7. 

= 
. 1/2 

0.0356 ~~~~/{L~~~l 

"~~\JJ.,'\~rr'HH'U~LLtl\Jn~::~'1~:: 1';i" .. Hr~~.,~ L 1~.,f{Fl\J\J.m L .'l~" ::j=\Jon .. [ L tf~ ~n 1 5 "~~"'1 

dlc:i L A~ =I~~n1 ~l'1fl<104 LL51 ~4 L O'HLtl\Jnt' ::"'1~'t 1f! L ~m';., m"~~HJ04 s-::6l\JJ, ["iJlV L flv\Jn\Jt' ::fl\J 

~.,nn"~l'1Jl~o~tJlv~5un~~7'1 ~d = 0.745 64~~ n 2.14 x 10-
6 

n~.,~m,,~~~Sl'1141'1t]~~nW""~ 1 - 1* rf\J, '-.! ,,1,;'=11 n~~n1~ [8. +) ~:",..ii'un~~U~614 
. /H ' . .. 

O~'\~i\lf! 2 

~~ 'l~1.i L nO-l ~1 nn1"?l~=I';';;)-l n; n fir' t:J-l!lmr~nn;' :::6fu.J'1fl'ilm.,~ L r1V-l ~"4~1 n LL.in1.91~::j'; 

RS-.!n~t' (6) fi1J~otJ!lf111'-J~"""~h'\~LL-l' tJO-l n.,,.~J'ts~fl" :::6lu,\,.jn1,.o,,1 Cd cli-l dj\.j~Jl~-lo,,~~v 

A",,"'-ru tJ .:14 \Jl'1 m '1 ~d ,. . 



" 

~I 

I, 

l , I -/* t 

[H 

- ~ - J2~ 

8. 

(9) 

(IO) 

Lfl~H~.,n 8 Lth.J~"1'l4fi;:f"Mi'uti'HU~zt~Il'H.d4"1 ~'-Jn1.~ (9) U'JnL~11'" ti.,,....~onl 1 -1* 
-- . 

rrtJ ~ ~z1~1'l1"'-J~Wil.JsfldltJL.rtJ"~4J'itJ~~Lf'-J';tJfiil·1'l1';'-J!1'tJ /3 .g. 4n"'tW

, a ~::Y1'1'1.;A"'-J'~t1 IH . . 
. ,~ • . . 2 2 

1'1'ltJ1tv.1'11 Cd 11l=t.,nI'l1"'-J~lJ'WI..js'1.tJ~'-Jn;n (t01 lLaz n = R Cd ",rou 

= (11) 

~ /2 + L · , • 2 
, S 

ti.,~'-J~~,,)'" L ~"';0l4 n1 ~"'., "h ~d tJOH ti·HL~:: t'1.tJf\l1"l 3 '\lmJ~3am' ::fftJ '1.tJn, ~ 
• ( . f 

dL~"~::Yi1n'1~YlmH)4'i:mJ'1.Jf'l" H "'~"U "1 I'l1 "U . 30, 40 LLaz 50 '21i.1. ,/., h LLa:: t 1"1 

16i~.,nm~YlIl~u-1 L~,,;.,.!f=t::um!~"Fi.,tJ,,)llIl'h 1 - ~ LL~:: ~ ,LL;":I,.r.,'-J,,....~u.,ff4LL~1l4u~'1.tJ lil IH . 
tuf'! 4 ~.,n~tJ L n =t::~" n L .rt.l61~4 L ~tHL~6141'l")1'-J~'-JWUS!Ju4 ~1l;i1,i~., nn.,l",....~O.,tflu L ;ftJWl~4d 

~:: ~.,tJ761 L f~.;tJtlu·HLn'\.i;") u ~., nn~wh ~tJ~~4 L T1 ~ ::~.,,j., ~t1I'l·'ltJ")ml'l1.,'-Jt1'tJ (a) LLfi ::f'I''ltJ-la. 

P;., Cd, 1i"l.,n~~n1; (11) ~., ,Cd fi1,j<r (0.7~7) "o,.{'rj' Cci · ",.16i~1nn.,~w,'i:IlU'15~Ilt"z,yU 

.i4UU,,)'" '1.nAL FlU4 rr\J~.,fi1i~1 nm n!., 'i: 6lU ~~\.ln~ (0.745). 
f' . 

-
1. Pl1.,'H dOlu (inertia)' =t ::!ltJflrhuhtJt!,,)4 'LL~ n!lu4 n"\.~flf1~ ::fftJ L rh~ 



p 

2. A11~~1~~~~A11~Ld~v~~;~ 1 

<l61~ ::6fu LLfl::~~,1U 

9. 

. 
3. 1 's~m' ::~Uq~ ,h~1 Hl\!1in'hJ'1"m1 ~"'1 ~1 Cd lr.lLU'I.J:;:JU'1~~ 

l!il'~1 nn1 S"'Yl£'1i'liJ-l \ U'-Je.JR"'I1 nn~ -H 1\,1~~-ltl'n~rM1'" 4 ~tl~~"\1 r.1~'~~1r.lv-1-l11~1.m nnn1,;)14 ~~ 

{3} ~~ ~I. tlU1H {l'-J~fl1U~l-l 

n1~ calibrate. rt'~ LLft:: orifice 1ttlu" S falling 'head, 

2. BURGREEN, David Development of Flow in Tank Draining, J of Hy-

draulic Division, Proc AS'CE, 'HY' 3, March '1960 

~ 

3. Vt1!\t1~1 mi~rru U<'l:: 1J1f'n'bt M~Q<lL~V1 : Falling Head Cal:l.bration of 

Orifices. Project Report r·~£ M77-6, l'l1fl'rtl1'1~1nH:.l-

2520 
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&r4{i\J 

LLA ::i~'-Jn1 ~ 

1 . '2 
h h" - - h + gh 2n. = o 

1. h(O) = H 

2. h'(O) = o 

(4 ) 

p = 

~ _ (a _ 1 + .L)(£) 2 + J.-. 
ap 2n ap l/a 

p 

2n - 1 
a 

21} ----
.. :,q tl tJ\J 1 ~ L {,\J 

0. + 1 
2n 

2n) 
p" 1 - 2n - gp = 2n 

Ld<J-1".'1nL\.J~14rl" h = H "'4",l\J 

(1 
2n 

2n) - 1 
p : = H " 

12. 

(4) 

(5) 

(eJ.l) 

= o 

(eJ.2J 

t' 

0 (rJ.3) 



p" 1 - 2n .& 
2n H p 

13. 

o 

.2f-!lSlFl11JJumitJ-!l~··UJ~tJ~tJ-!l.h.m1r (4) "lU!h4 .h = H fn.m1t' (~.4) LifuAJJn1t'L6'Hi~-

~T-!lLL;::l::~'UJ1TmLri1i-!l''ltJ , mJJ~stJn~flih .€Ju~11v'l'Uml'4~iJ"'? " 1tJ 

1. 

2. 

.. , 
11il11. 

~4 ci'..Jfll nHI16i1'l 

p ~O) 

p' (0) 

p 

h 

h' 

h 

o 

H Cosh 

- j2ngh 

(.C~ J¥f 

- 2n)g 
2n H 

• 

_ (2Jl ) 
. 1 - 2n 

t' 

(~. 6) 

(7) 

(~. B) 



14. 

(eJ~8) R,,·h..l~)Jn1" (4) mftiTfJrrU~R1tJ , ~1..1 (successive approximation) R)JSJ~ 

11rf1~"d m l1U l'l::1';11 

h 
2 ' m 

(1~ + ••• +n )g 
= 

h 
[ /

. ng ' t ] 2 
C m - . 2 (1 - n) : ( eJ. 9) 

. . . 
~1lfJ"l'l1n"l1..l~)Jn1i. (6) ~"(J)J 'Cosh A"l)J'um~flnmln"l1..lt'ltl'H 

onf~ (series) ~"~1..1 L~'l~"A1·)J1,.tH'11uuL"(J~!i,.j1unrh5f"~'H 1 tliH t i.1..IA)J01t" 

(6) 'iLR:: (eJ.9) 1'; if'll1i'uLl1fJs.i to =4::1"1''l 

C 2 
(I 

m · 

.. , 
dR"i.1..Iil)J01~ (eJ.9) fl1 LLYlUI'11 . C 

m 

h [ /1 
~4M~fJeJR~u~1nDfJ~i.1..I~)Jn1" (8) 

n 

n 

2n) [H 

l'l::1,; 

2 

2n) ru I ng " t ) 
"H - 2(1 - .n) 

. 
R~Rn~i.Ji.uUYlI'11~)J!i~!1)Jl1)J~U~~~(J1va 

A M~,\~~tliH tr4 

A = . ~rimr'l~fltI'Ht (orifice) 
0 

a = F11Mft 

C C1 , ~2' ... C = F1'l"'4~ , 
0 m 

Cd ~~t"::~Yl~n~.111RtlfJ4t 

(eJ.l0) 

~ 



g 

H 

h 

K 

n 

p 
o 

.P 

Q 

R 

t 

y 

= 

= 

= 

= 

== 

= 

::: 

~~~z~~~n1~ij~L~UW~441~ 
2 2 . 

R Cd 

. ;r 

A /A 
o 

L1~1 

tl1ml'n;(1 L W"l zt/.H !JiJ,4 L"\1fl1 ' 

... 

~11'l4ffLL~iI-l1'l11S.JtT''\.J!fiJ4 n;:"lvm1; o{"l mjmJ~~1 ffiilfliJ4 

f' 

15. 

, I 


