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4 fnflilt2t&ftt fiERFff E zF tHiilffi fitf f; .

E ^,Ft+ il] ffi ryEJ
(EJt&!Lt+zKfl6)

4 I iE ri = ffi I.6..T1 t€ H! A F ffi X, 1& # H + i6 A fr *,ft HE il\'tfr .#1 Y IR fr b+rr q, M ) inF'. F9A
,Kffi . \EtklEf{ffifEH. E fl6 fr"*fr,F.: (I) ff,h6En9q, {ft,Ffnill|tfiffi FJH; Q) nEW
ID&ffii++nit:Y; (3)fffsffiiF, eH.*Tlfr*,fr?, rEE4'; (4)R€fi856!ttft4i6&tE(,s>0.85)

ft E A ffi ffi tr ffi E'{t 4F tL (c : 0.2--{. 7). I f 4 r€ ffi n lf fitl ffi ffi d: 7K E h rl fr ++AE + +R tE r& tr E
#,\\ffi ftffr M,A, ffi S. *l ffi Hfr zJ< 9i 5 ffi EitS Afr : iErtE u 4 tr €1. Ft A ̂  4ifr &fn it HtILfii
F, 4' fi f ifi E f,\ ff Bt *. kffi:'t+. Ud mffi H (tR f: zlr T- t 3. 5 % ). rlfi F i6 & F m & # zK tf tt. I X

h*, rig-jtu.ffifiix.
9e€iFJ +\RMVJ** -Er&e€rtfH, u triE, ffiF,lkffitr, ffiA.AW., il[lrht|Frt.

M s

+trn40+{tU*, ff iF#ff irE.ff i .*ffJEE, l+*Bx*ff iT uM, +WM.
ie+rJ *rV. +ffiWM+ ffi&*d rKfgfrtuEtr iE, )*Effi*,MWffi tK h * l+ lh&, #.*
IEEA4 (r) . 70 +,ftr}*, frtrXffi T u MfrflilU+rJ&MwffiFi6, +&ffiiuHtriH
E-l:fS,F., {+AIIE u frtWffi&.hH*,Wr{rfln#J"u"Mffiffi(I\T^ffi u 4). RHfr
+0ffi,fr. ffi,ffi . Sifi6Ertfi+di,F., Efir**triEif@6! +.*Mfi (') . fHxftsffi
*M'RE, iff lFEt[,i6H Ert E tL€.ffi.W.

ffifrE-#. . (lt ffi ffi fr ffJffi F 7ts ift €if . € ffi ift Ei++ qE fl 6i6 A +J. tr E W tBKfte.
{tH (2) ; ^-til{&+filifiEffiE*. ,rrH*. 4ttr*+ill|EffiH#. frN*. x&Dlffi
,EEM€zkF>F (3'6) ; ffi*tzK:€.ffi.VJ (in6HiE. frUtr) *ffft4*ihHIR! , h
Efiffi#i; 7L*€zK#E (tnTldn.. ffiH+) 4*AE$y,t,E7Lnfiuj" n4ttu1lwffi
+rJ$Etnw" i+,F. +.H+\a#,4ffi* "-' . ErL, ffi4€zK€ffi.+rJ&j^hEi6+#
f i6E H . t4€tzJ<# E-fEA *&EfrE 4,. T n #f,. E n ef.. U!, €tf H&H
Sft'r. r+'sr .

Parshall(l920)ES f EEftfi(Parshall)€zKffi to' . Skogerboe +(1967, 1972)Xft

* +yf' ree2+3 F e F ttFJ. +4ffi x1+9J TKfri fl /( f'i & ̂  tr n eemtr-tr A E H tr €4E. Wfr 'E ltrfil/^
l*tr*.t[tt#tW$t.
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fr ffiM frp&.ft E zKilH (o) . t[ f, r {:.ffi-H T ffiVffiffiM'Ra. {E H f Hil648 &H&4'
(0. 6--0. 8 ), 9EWRE t * r +'t#, W t!, tfr,, zu i'fi tffi tr #. t S - ffi lfr. H t|&.lK{n-ift €re
6, ,E zlc*ifirl€ffFg!#t_t'r*w#.x., lLl:v'&.4rxtu{ffitffiHa fr,*frt\fiJ (7) . Khafagi
ffi. s ffi 6 ffircM. ffir.KvFrE€zKffi (6) &ADH, {Et$ffiWhfr#'M$tffi,
MHTfr#.,MFE, H+ M*,Mtr€E-'JtrrU W.&)5&6#+trtr, i*#fit '( ') . ISo
ffi#ffJ u vKvffi€.Ezjrffi (u' {r.i6Hi'rrft u 4tr, xf u 4fiHEM#.MWirifJxELXiE
ffi.

&ffiEtzK€X,VirWA. 64d. rEEzlr-H.EEffifHflF8, +rnffifi&Ulftt|
=ffiffi4.+JRftrfte=t€fzJ<ffi, WffivFailfrrlh v M. u MffiM+n&M, H#efrAfiJ
l&, -L'. Tf?861:tifA&(l : 6). EJ*d,W.#.sA: tU+rt&WEz&fF6:Sf,fEJrle,
(ffiEffffifRFJ, HtlJt*'l6/tT v Mffi u M). {RzJ<{nW[ffiffiHH( Etf.Trnffih
60 " F0 v M). ffi€ArtIS-/A'H58. l[frft. mS, xf{*i[EzJttffiEAEFHX. FtAE
EH.*Tffi.&M, 6'{xi6A v IV'IF, rrj-tr iEAHtrM&M'REEH. Alffi+ Rilb+rJ*,
M ftvRW.E rKffi fr11 T jt € ifr & ffi fi . I + I I   FI A H! E fl Wffi t?M,fr , h fr T A ffi E
tKffi E &ffi E H S ?ft ia F r Ut' T ffi l< {n iil E Je 6 fn F'f& E zK tS']t.

(- ) flF tr ffi E tlttft tt f F ffi+,t &#t frtfi ,+ ffi * I"xilf',W *,M frvR Et.E zjc H E - ffi X E
frJ 4 r15 4 ry. nffi ( K I ). zJ< ffi &ffi Ai h t-Yffi' ̂ fr. n qFffi ffi *.r*H{ T ffi fi iE, &pR tr T Di
fff iE Si 4, tl6 n 7KW, tr i$   ̂ 4- tfi fi # . 5 T ffi tr + rK'm'tgi t*. El tt T ffi zj<.'ffi.&ffi g X.trJ
,jc n {-d E xf t ffi zK i,il ft, T th, ii ffi tt E r1, 5 E Et zK ift tn € rK ffi Ht /L {'I R t' a ie.

IEf{4E2K,ffiffi tr trm,fExf {itrtrffitriil'nA EW#r\kffiffiBt, rj-FERiE#f FJ $l
![ tl6 JF zK zffi fi A. E Eft fi Et zK ffi fn F M frvF&EtKffi tu1 ffi irE f iq A BE ffi# fr WffitEE
B!*, iE8mffA!n& n f5S rr ff tL€PFzJ'T 0.77(EWrr<tHh 0.tz--t.tts, f
MftvRFktHh 0.s-4.769) to' . Hager "' 6frf..ffifrt{ffzj<ffitrTRffiM:F'&}En'fE$ nff
Wffi W,ffJ M.ft , ffi ttrE tfi f 4fi H! iit EA rt fi ffi F.KW. x,14 I ffi 4 M |-t fr'Rfifl rR tr ffi
E. Pg EfR 4! ffi bLdI t r;i9.48ffi.8 ffi *.4,.

in K r, iA+/Rdd +rt&4.rcrRe€zKffi $ a wffi #t-h &h :
y : P x ' ,  ( l )

frF: y. x h$'ffiMFt(m); p \JtilW*,#J%fff.Wirrr--').
fr ffi n ffi HHH54-jSF HfE lEl, t }/(m), .[ljp& n ffi EFfR trJ #ts h :

i -

Ar:1n, tn tp .  e)

fr. X: ilb,tlt *V Tcvft e-e-:zKffi 6! ffi F,Wffi bY.*rr .
e : - 4 r , / A o ,  

'  ( 3 )

Rtr : Ao rtft fr.Rffi tEffi fl,(m'). =t(z),ftLfr(3)94{s, wE tu+rJ*,ffJvfi 6 fr t :
p: t6 ! ' . ,  @)

9 e - A o

J^r'fifr'RffiEtR,4n(m'), FW r(m)fr€zrffiH9iAifrltffiLL e Ef, EIHfr(4)*ffi P,
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4(t+rt( I )EFm r! r& tr ffi ffi tE.
(=) E$Stfttftta* €n{?trtrtKW h(m)5ffffiffiffi€ Q(m3 7 s)FiJ€68-f ,

'fEEETfHffJLFIRf( e. P) hEfr, Frftr.lHE: (l) tzfiffirft trIRSHESzJ<R{n
Enlf?trtr,RR++/f+; Q)'frfi.lLfr,h#ffi; (3) it n Wffiffi*.W.F0/(ikfr4 K"W6
if.
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(8)

(6)

a, htFtrffiEm$hfrT'fidK&.. trWffiHiA&, zKffiTffituE,'ffi,E |frffiLfr
5J, trftFIn a,x t; a:,hvFtrffiE Etf;rl66Efi&. ifi&nTEE, rfttr A7LEfnttfr
EI )E{UH 7F W#r &++frffitfr ( El 2)i

:  :  Kr!  , ,  (7)

=tf : Kt hdlTKtrtEtE{frHffizcmLnEary. ffirtr, ffinffiEtr rl'|frt{rtAry1[t?
h 0 ) :

4 -
A, :1 f , "11 , /P ;

,  K l ' F l'  , : --T- '
!t& t EE, ffi n ffi ifr * h rk n s,, 5 V.ib,*h t\MW Et fr+Jrlfi -fF zjc F y " #Er-k'l**.A .
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ts h*R:

Q:C oC "h '  
/ ' [ 7 ,  (14 )

EH o :h + noQt / QsA'), .n'Jffis.fr(I3). (14)4$;

(15)

*F: aohftfr.Rffi,E |frT.frF-&, rfjrlfHfi#tr, do=l: Ah'41fr.R+/(A)b
h(m)n-f E!ilrt(ffiE ffifl(rrr1. f,NllittrzK# h &ffiVJ&MfiRfi r s-'1, EpEf Hfr(Is)
fr*(14)itft*{+rilE q.

- 5. nfi&5HflX

(-)it&#t i&&E& ll fflr+F!ffiEw.Frt u 4trrtrf fr:ftffr. u 4ffimH4
W.tflfrfr d:0 " -t4" , IRt[+6 R:0.1.-0.3m; €zJ<ffiF!ffitrffiffi&ffitr11fr|/,W.e
:0.85. 0.783. 0.75. 0.70. 0.65. 0.60. 0.50. 0.40fi0.30, *gry.. ff i trfrf iJff iFH

I  =o'r  *ro
l { r=0 .775

I  c  = 0 . ?
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*ffi.fr,ffiffi.ffi ,1. ff{,ff . *# s{, {Fffi n ff ffi tr,1'4 5 t fiFF iE +'L' *,**. ffi il,Rff E
zKR.AH!tr /RfE+. r& t r  t .  T iF *r IF,W._| t r .  S s i f f  * .&. ,  KE hfr I } l r
Lr:4r(B-b), Lz:qz(B'b),  Hf 41:3, 4z:3-4. /(R{nT#trf f iA&Xff i i f f i (3
--4)H EEHA|. ruffiiftEx,ffi e0 ' t6I& v Mw&.&alE, zJ<{iil|| E*H+tVz!<{nil|lff
( + 0. rmm). ffi mffi Br|fr ffi +fttr. ffi ffi Et& H U!IE€U||€I. ifr& u 4 F ffi E }.nfr,+rr
&MerKffiR-ifi# L

* hWIFF],thttS, rnEru,REEH&jE, il{€E#tttrE.
(=) ifrffir$tE * E tritrtrfnEzjcHtrHtEffi€ruffi)tta, IlJHtiFul|EffiE(7J(

R.fnH)ildE l:ffi7KK h, fipF n ffimnllEffi ntKW y, &.F.fitK* p / y, *frbitFv M
ffi&EiflUt+ O, .LlFffH,H.zK*nIiiH hHo:h+ e' / (2gA'), *Eifr&+6r[,W{T

,Kffi *,#J ry.tl d E, U E tl ffi T F] trA e K E #t ffi tliJ fr *R A! R iE {n E.
(=) ?kn €HH+rjl hTffiFwJtr(-f fdE +Riuw&MfrwwazJcffiBf am{s

'l+, fiflEtnlfi'ilE*Utl ffi x&, ftafr T 7K)r HH&U.
zKlf F #rBfr4E,tttaEffi tr pffiEilfiFffiiEiEn-'t, frtKffi#..ETF+€#. i+HULffi#)
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U&trf f iE t E.AH4ffi E EA*O : C o(H o + d, ' t '  t  , l  p

f r€ R(m) H(m) c ( ' )
P

( m ' ,
A(mm)

ffi*.aw. !++,
( % )

cd

I 0 . 1 0 .3 9 .5

0.3

0.4

t l  \

0.6

t34.49

7 5 .65

48.42

33.62

_  I . U

-6.1

-6.2

0.99995

0.9998

0.999

0.99997

0 . 1 3 8

0.25

0.63

0.06

2.588

2.348

2.300

2.326

2 0 . t 0.3 t 4 0.65 28.65 -4.7 0.999 0.80 ,  ) 1 1

3 0 . t 5 0.335 0.7  5 0.65 18.98 -3.5 0.9997 0.40 2.098

0 . 1 5 0.4 v . )

0.65

0.70

u .  / )

1 8 . 1 3

15.63

13.62

-5.0

-6.4

0.9995

0.9983

0.9998

0.73

0.929

0.205

2.203

2.095

2.048

5 0 . l 5 0.32 12.15 0.65 15.67 -3.4 0.9998 0.32 2.047

6 0 .  l 5 0.4 t 4 0.65 16.35 - 1 . 5 0.9999 0.33 2.1t0

7 0.2 0 .5 10.65 0.65 t2 .90 -7.0 0.9997 0.365 2.132'

8 0.25 0.57 l 0 0 .65 10.02 -8.5 0.9996 0.60 2.20&'

9 0.3 0.6 8 .8 0.65 7.98 - t . l 0.99995 0.33 2.102

l 0 0 .3 0 .6 l l . l 5 0.65 7.73 -z .z 0.9998 0.71  8 2.004'

l l 0.3 0.6 12.7 0.65 7.67 -4.6 0.99995 0.  l9 2.182
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:so - 'r' (16)

F: dx hWfliW!fit@)t'dE hWfw.f8l,tf.h@), E N h + 2' t (2g,4'), so tJR
ffi tL@(m / m); t htKffi&W(m / m).

_  n ,o { .  (17 )r :a ton  '
I

frF: n tffi#; r t&E(m); z t$zl<ffiffiFfl(m). =t(t0)m€hMfr,h:
E E i  

-  E- i+t + hi  
:  t ( ,s-o - t ,

Ax

E._E ,  ,
rg) : f  -1,x.

TRETIft JFTh frffi , rRtr ffiW*Mffiffi HT rIft JFi<#T :
/ 2 7 p \ t / 4  |  / 7,,:\ft) o""'

{frt(2 I ),ftAfr (e), {+Af6^n
h r : ! , : 1 . 0 5 5 4 y " ,

frF: ,rtffiffi i. i+l t4H0,E$zic*fi1ft(m); so. r4i-friJtrrffimt4Ho+itrRmfipafE
tKffitfrw; ++EilE f\EetH-fr rfrfrw; +rH-fr Ft 5zK,ilirtrtFlElr.fB" +", E-z
w"-". fifr(18)4-:

,ro, _E , 
- 

!:*, +Ji _ Ax. (19)
+ (so -"/)

efr i ffiEzJcW l,, H-.1, ffirt(le), *ffi r(n;:6 B!R, FI{+gJ r+r ffim^W &"/.
HTzKIfi H HBf,Effi hffi tr Fff,Tffi *ffi#,L, HXffi H TfrTTEJIffiH*. UWtr

ffi m jly &fi'J Wffi , 4J thtA fttl zK W t n& n zKW y,. K"W ni, )?il,.*t Wn F zJc R{iE Bt tr JR
tzJcTH'.l, rt(le)Fl5t :

(2r)

(22)

{t  tt (20)E ffi.t&H tKffi *,, q 4+ h ft. Q & l+T fr+Jffi tfr zKW h. ffiHfrffi + *.H " =tl
E" (FORTRAN ffiF)

(Eq)it #:f?"*-1ff
1. ,K?xq tfr.f J€ en+ E#Fffizlctr#tB!tt,PffHN.ILE | / 200-t / 3000. iil&(

W 4)*.8A, e >0.75 F,f , 6lElfrHt ET.H Q-h XA, xLtil+*fi-ti lEAfr;
e:0.7 Ef , | / 300-r / 700WEfrffi, E/(ffiRAfEEHt 2-h'*.4; e :0.95 B-'J, fr
KffiEEI+fJtE t / 30a-t / 1000: e( o.o Bt. &.#WWaIh t / 3000. ElrtrFJtBlqt
mtrTHffit e :0.70.

2. if"t ^*, Cd K 5 *qE, Kr:(P / i/ y,WffiXt/FW h.
zJ', WtTr,flEE#. xr-h/ HXF-q#mh

Kr :0 .921-  0 .224h /  H ,

ffi*4w r : 0.9287, +ltfExfiF E6 o, : 2.81o/o.
K5

K, : 1.0554,

fEXfiF* 3 o, :o,-t /  1.0554 :1.760/o.

.  (18)

:h/ H FErgtmu*

1 '' (23)

(20)

(24)
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z0

t 0

0

0

o - l / 7 0 0
A- l /300

Lt/zooo
o - l / t 0 0 0
a  - l l l o o

o - I /3000
.  - l /2000
^ - t / zoo

ZU 4 0 t 0 20

G

t 0 0

r  i : :

0 (t,/s )
E 4

E 5  K f  K z - h / H X

*(23). (24) ft^*(l2)rf, {+aj-,-+rht6ryt8fr
c-.:2.0353ia"l: O.lAgAh / H ,

w n l f l :0.2-1.0 Ff,  ca:2.109-2.382, EIn, CdwTKw hwtgfrWfrtJnx.,  i , :
3. cd@iali- ,il86ry c//liFl&#gu|| 0 5 hWW#'fr(13)EtrE'/F. HWfr

EE, ft+ Q5 noXAhEAW.
Q :  A H t o '

$ y : lng, X :lnH s r.Jtbft HA 
W?F.,

tfrtr A, B, A':lnA HhEt)1HW..
wRffi&w Q EHo, Ho:h+Q' /QsA'z\*6&fr(27), (28)+f&, *ffi/\#.,

,HtrJHirHflEFEI*l++,t. a ffi. EH9J Q 5 H, H!+tftErLBnfr(I3)1, fr\ B M+
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(2s)

(26)

(27)

(28)

a ,  - c  = 0 . J
e  - c  = { ) . 4
r  - s : $ . $
r  - r ' = 0 . t i 5
+  - e  = 0 . ?

r=0.021 -0.Zl4h/ l l

r=-0. 9287



T 2. WMtffi.E no€trln,i.-+rffn€,fi lb6tr a 'u' (a tr4f €,F.il11EE#&jArF
EIn&trH+8R#JffinlA'o' ), I|JEtl HAEfix :ln(r/o + l). ij4tr t^ tr", ffi.Er)a#
RF .a: zN, 1+9JA :"^', C, : A,JV. trtlffi€tAfrEi5I

Q:Co( I Io+N,  / ^ IT . ' (2e)
XH E!E*tfrW1+#Jffitlffi,Xt1#.. t Ffizs. fr#EI m, c, ffi n. H. e 6! j€Jtffid

zJ', ffiXKW r &fr.! r, tEEXE,U{€Zl'4B!ffire*R&ft. ^iFX.trE, 6'E&
0.r38-0.e2e %i-;14, "*uu a 5Err Q trzt4#Jgix|ffi.t!,, tBEl[||i&ffiHsH. #F t
W rJfiE, Fit 4-t.sr8.5mm Zla1. TlAtr"h L: -4.96mmx-5mm. {Hftj.tr/(
R.H!4,F.+6H 5mm F'f , ffita\frFIuiE{UXHfr(I3). (14)fr(ls).

A ,  R : 0 . I m ,  I I : 0 . 3 m ,  a : 9 . 5  "  ,

c ,  R :0 .15m,  f / :0 .4m,  c :9 .5  "  ,

K 6

e = 0 . 3 ;  B ,  R = 0 . 1 m ,

e :0 .65 ;  D '  R :0 .3m,

Q-h&il#xe.&.&

H : 0 . 3 m ,  c : 9 . 5 "  e : 0 . 5 i

I / : 0 . 6 m ,  a : 8 . 8  " ,  e : 0 . 6 5 ;

t  (n- ' )

W7 HSIEIE#* co=J(P, e)

ltJ1€Hffifi)W.1+T ilfr&#FWA R.tt6! e 5 n XR(W 6). trrtrffiEtf(-tffi
E u 4FiE(R:0.1-1.0m, 11:0.3-1.5m, a:0-15 " )ilnlE&ffiVc(e:0.2-4.7)
f9€zj<#ftr:fiT&fi), Wlt#+gfr.Co:1(R. H. u. e. P\WE, #t|#R,f;*^W7.
4R, zz gEid&#R* 72981&W(t l) HfiX&ffi, fift6*Et)14i-ffi'4+gJ CdffJn-t
XfrI:

C o : l ' 9 6 P o o l l € - o l 3 '

ff i*.RWr : 0.8369, &nlE* 6": 2.81/o.

(30)

_ {t frQ _ hrk
o o o ',fiQl,fi

OU

Q (L/s)

H r '  = 0 .  2  . _  { .  : ( , . 6
.  _ v .  ! '  x  _ _  r .  = ( J  .  t i 5

: - . - '  
=0- . ,1  1_r . :0 .76 . . -  |  :0 ,s
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Experimental study on flat parobolic throatless

flume for flow measurement

WangZhi Zhu Fengshu Liu Xiaoming
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,.,.1
Abstract

ir(

/f 1 A new flat parabolic throatless flumi'd6w measurement is developed. The ex-
'perimental results show that this flume has the advantages as: low head tosdJ 

'trigtl

accuracy, well streamlined, low costand high critical submerged ratio. The

formEla for calculating the discharge is deduced and the law of the variation of

discharge coefficient ir E-* studied both in physical model and mathematical

model. The design procedures are also presennted.

Key words level 
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bottom parabolic, cut-throat flume, the U-t1ped

channal, the area constriction ratio, the coefficient of discharge, rangi of

discharge measurement. .',
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