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ﬂnsuca&ssful. .This was 1nevitable becauﬂe the - resistanco ao ﬁrauuccu~
has bean ertaetéd 1arga1y thr?u@h ths%thgon or rriction witnin;the
wuter, and because an- sxaat mzthematical 1ntsrpretation af such“cdmplia-
‘{’eated and obscure phenamane of fluid rlow 13 still not reasible and” 7
i,;will probably remain so ior ﬁoma time to cor ‘ Ibrthermmre,:the fo:nmlas.
‘Tf;or Ruh zenan end. d'ﬂuhuxqeon used: hy thw RiVer Guuetruct‘on udmini truo %lf f
'*ffjfticr for determininb_thé hﬂckhﬁ*er he1grﬂ :ive completely erronﬁnu“ ff

~

:rawLLtu whieh mev be ssveral times bractcr bhar fhe true vuluab¢{-

 §clar1 isa., ﬁifh the &1u, tberefere,

rnhe Tachnic&l Uhiver°1ty._ These ru-tb requ;rsa severnl yeur




: ft_i@ﬁmt g,,wri:h a velocrby leas tha.n the

} ,.th.schargq, ‘Ql T1E ":V.'

.baclcwatar;lmight prodnaad b,,r s..lmoa a.ny ahape
whosu-;horifmalxsectim dmnnt change










be ccmuuteu from the Oivan nuantitiea (l} to ( };

most *15@9@;36@;@




ﬂéu Tha rlou'ratio, (Lf
'lﬁehunnel. S is obt&ined hy dlvialng the average velooity:
o 1n the- unobstructe _..han:nel by the. deoth e.o.

mha effert ey the flow ra+1o,f '”*I"

77ﬂheight is not entirely distinguishable.l The sxperiments ‘ave 1ndjcateﬂ

-‘
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‘-Detmeen the: 11mjt5 oo R ¢
.,..in Froportlon tD the ('U\Elﬂtit}’ (l . 2 LAJ )

G The form inuex, :80. " is tho coefflcient by meanS“of_whieh

pinr nose or 1n the pie“ te1l

,;;;ychangxng the lsngth.iL 

:=if 1t 15 maae up o; 3 sharp euge or curveﬁ °urface of‘ve
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referenes 3, .ﬁgurea 1-9 ‘;an 11-12. }_“
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: tmd vart.xces SR maximnn 1n the case of &




:,-othur. thua pméueinv 8 i‘luctuating vmter uurr-ce., 'I!hey pmgrasz yp=

F

v

;;‘contimxea to just helow .the pier. Theae mllers sonn aftcr the:!.r

smtion dnvelep mto vorticas ~whieh 1&3@«01::13 a nhe-rt tmﬂo,_

Wy e

The prinaipal haukwater nﬁ‘aet 01’ 'f’ths ta;Ll‘ p:oﬁncpé ,b:z;thﬂ




11:8 ufancy. 'roday ve are: m-gently 1n mad.or‘f 'mxla#

o sipa‘bion. . sw-é




ooul\l be. mxde applicable 1:0 any othar pmr rnm by ml*ipliuatiun.

3

tmeae reeul a wev-a rurthar nm;li&.ated as the toata Bhow-

the comrar:/, veried w* th the channel cnn’cratmian, ansvur. the ez:peri-

+

‘mmta a.bo showad that, within the mnge oi’ accuracy at‘tained in the

fobaerve.tions, tns eoarfioirmts Wors mdenend«mt of the velocit_, hmd. ', B

v

»

‘ km and tho flm' mtjo,'uJ

ndegr@e of -smoathness ‘a8 -the staal fpi'er. - Aasumlng e piar wiutn :of *hre'i,

5 me‘aers (9 84. :roat) and a J.msth ot 20 meters [BE.G raat), and using a :

'H

-rmdel suala of‘ l ).90, thg madel pim's had a wicl?.h ot throe cmtimeters .




'I'ha rollnrmu rormula “or tha baokwatar height ”was darlvo:l
fro'u 1.31 dirf'e"a.n teats on’ standard pier.) for puraly stmazning ﬂ.ow.

(n d ‘x -‘rr-*‘v-fa 7 ) (l w) Ko oo (1}
For other uiar f'or'ua and tor purely stwarﬁ.,.ng rlow. ths‘«bnck-“

P

“"’@1"' hﬁisht i3 detamned as; followa' R

+

‘ Tne for:mln ror ﬂ“ ShGPO eh, :5 'y ﬁaa found i‘rom u
«graphical anal_(sis of the teste an- al) fama OF: piers wlth

_memtraetion varyinf_, from A= 0 Do R \1 ,' ,"yo,j:-}s.:uand.jui_ .

P

,oontraotiar. ie: G
/ ll m('gn"“)‘(h,q.d“_} q..{‘"‘t"cid,q)(
In thi:a fnmula, é( : 1s a comts.nt ror any Pie\.: and_' 7 w‘thﬂt

;';.-t:raut*on OL ia 0._\ Thie ideal va.lua 18 nallea ﬂm limi'nn,g fom :Ln- [

d ‘ﬁhen '5\ 13 910 :ad against +he cna.nnel contraetion, oL

1-3‘ﬂhioh, Hhan extanlod paas thru.;,gn the poj_nt 0( _1 (q" : 1_

',’__{Hence, Su- ca.n ‘aa calc.a,e.ted *‘or any value of 3. by mma

"”:L,o!' fomula 3. 3ine
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‘In ordar tc detarmlne So,“‘ior Any p;ivsn pler- 1‘oz'm, a’ pro- ;
vious datemmat:.on of" E\, ‘was required for various values of the %
channel ucntraction, c( « The i‘am coefficiant m.a-datermmed i‘m'-at '

.ﬂJ.eaat tnm diifarent channel cuntractwns and usually for 0(_ = O.lo
‘(2 pioz'a) and for G(_ = 0.50 (4 nmrs) s0° that the llnuting rum —me-‘ \
fiemnt c:uld be . calculatad i‘rom the averaye of two c:baewatlons.‘ o

. The given: axparmante.l apprmch had the ad'va.n‘te.ga th&t an. ao- =
curate invastig,at:.on i‘or each s:.ngle plar ah&pe by varying all threa

'3-varlables, nams ly ]co, W, nnd o, ‘WIS . not required since it waa aa.rm.éd l‘_;l‘
out with & 'Ve?‘:y signlfimm‘- loss of tlme for three i‘orms ‘of piers dlf-‘
fering easantially i‘rozn one another, namely, i’urms K, .F, and Jl.‘(sae
table 1T). : s

Inmy cheuks heve. shmm ths.t the above mrplrical method . oi‘ ut-‘ )
e ok givas satlsfactory rasults throughmlt tha  Eiven ramge of chmnél

.-“j-cnntractx.on. . : _ L ‘ |

_ Sl."he resultq oi‘ the determinatim of the 1dea1 form mde.., 5

‘ "'-.»for the ~numerous d:.f.‘ferent pier shnpes ahown 1n tables I to IIImﬂ izl-
| ,dicrrbed by the nu:nbar accOmaag ing: aach "‘.151‘ form. rm‘themore, these

'.;ve.lues of‘ 8 ara in terms of the 1nuax xor the 81 andard pxer taken aa

: "i'unity. o For ' ”lear cunparzson thoy-u-e also regmsented by the len'-th

'.o ,the t.hree-lmu?band in: the cen'k-er of ench piar. .




~*fn§the validity or the 1aw of.aimilurity and'tharmfora tha applicabllity“

.:ﬁﬁof the'mndol tust rssulta to the prototvpo.' This 1nvesttgationalod;‘

t "*to ontiroly aatiataotory cono;usions thvoughout the ranga ot tests, ‘
| ' In most caaoa tha langth of. pier was choaan eqpal to 80 oenti--
ﬂmotora (7 7! 1nchea) 1n ordar to bring inho sheTp” ralinr tho 1nrlusnne
‘Fiof the rorm of the pter nose on:the: eize or nhe limiting form indur and
- thus-.on the size. of ﬁhe backwatur. ‘In numsroua ‘cases ‘the length‘af-“';'
; ﬂgpie* was a15u varied, keeping tne width con tnnt in order to astablish
‘the {ofluznpa of tha length of tho -nose and:; also the tail on ths haisht i
ef baocwater. | | ‘
4o absolﬂtaly gencral formuln for fys;‘ V;aﬁﬁothbévﬁétnﬁgnz
‘;sinca the: pier sacttoas tis& were too numeruua and thore were" too mﬁn?ll
avariables dapending on tha: piaw bhape. Houevar, for:a aingla group
| tof piars 1t was, possible to: &erive B surftciently securate. and BtmplQKT;”. ‘
fformnlu for debermining the limitiag form.index So .u - |
-Formulss for- bevaled, rounied, diamunansaaped lans-dhaped,.vm.
ﬂand alltntical piers as well as ror giera with & tri&ng;lar, half—lena,@

 4shapad nnd=elliptioal nnaes are sbown 1n table I. The 50, indsxaa are ‘;.5'

““4»oxprasssd 1n every oase as & runction or the nose lenath number F

7!(the rétio of the 1ength of the nose, lk U to tha thioknosﬂ of thu

: »‘ | “‘,-';pi;ol‘, ) b }

In & similar fashion, formulau for tan uifrerent graups of
'iipiers are. given 1n #ahla ﬂ‘in whlch. keepinu the shape of the noaa

 ;,ﬂani tail the lame, “fhne. length o: tha ‘pler was’ varied in ordar to find
ﬁ{ftho effect of ﬁhe pier lenvtn on. bﬁe ﬁaanaatar height.‘ Fer'these 3roups‘¥{“l

l;the limiting fozm 1naax do Lﬁ expressed as: a runctian ot the pier

:1eggth;nnmbar‘jl - the ratio of tha total langth or pier,ll‘"ﬂ””tQ”';r




AmOrous axpﬂrlmantslcovur a, w1de ran5e of iurmoo

Tanle I also 1ncluaas ths limltin, rorm lndex Suafor a‘aingle

58, oT nlers whlbh a*e unsymmetrioal thh re,rect to the tranaverse axls. .fffw

.'It 50 hapnenu tha* the. fish-fo*m.nier,,l, possefses,ﬁiumnllar ‘60 valua" 
.than &ny other fonn and therbfore 1ndicﬁtes A snaller ﬁﬁ;bwnter ef“ec
%¢prov1din" the oroad hand is¢ rected upstteum-‘ 'Thi@-is etplalned bv the
‘rexatively small disalbﬂtlon oi energy 1n the under rollora._

‘falue.. of . &, for a 1&;&,& manbnr of' unsymme‘t“lcal pmt.'s oi“‘“'
ﬁequal length and‘widtb Sl 1vsn ln tshle I¢;.~ The So value- detarm;ned:
{;for thare unsymmeurlcalvuzgr ‘ormr hevs maue 1t rossaole to carryubut;anw
N.exterded inve i ﬁicn of the baczwnuer rroduced b thg;f:bnﬁ~agdéﬁg§?ff¢j
;h&lves o“ a single piero Sl - ek

These oLuerva Lons made Wlth tne greateut precxsion,nnve shuwn

"ence or tna' :e plO” ha"ves wortn entlonln &s fn”~as buckwater iia

'[_-Qerned 0 ﬁhat it s poss lblé*td;détermine<the;backWater
";unajmmetrxcal vler frow the
" p—er “y'°imﬂls add ion."i-ho CQﬂU&!LSOn o’ the bacgwnte,;actlon

;produ&ad hy 511W1e n&lv¢a of riera ig ”&Tt;"hlarl} 1n5t“uct1ve ulnc




':f?-‘it arroms worthwhile eonnlnsiona 28,10 the ‘csuses oi‘ haakwater. 'I'h.e

’ﬂwluvailable space 1n this p&per precxudes a ﬁetailed study’or tha rula- ;;if

o tion betwean'baGKWater heighc eng bier Bhapa.' o
Aftar S has beea determinnd, it 18 possible in all caaos
foto caleulate the bacswatsr ‘height’ 4 from tﬁis valum of 5o and tha

'fvaluem for ko, '_; anu (LJ. This caleulution is surriciantly ac.

'vk,ffunrata if attention 13 puiu to 1nqurs that tne discharge at the piqra

“is truly Btraaming. 1r a cthﬁe rram straaninb to shootin: rlow occurs. ,if;

‘antirﬁly differunt cauaes of backwatar formation antar snd, in thie

,caue, 1t is neoessary to use the fcrmulns for haﬁkhater caleulation rrum*“'“\

fﬁother raports (referenca 2, Iormu’es .6 to lO ﬁnd refﬁrance 5,;£o;yu-

l».‘-:v.‘.fl.s a ll' 12' 5115. lb)

_fconvenient detarmina 1on or tne backwatar heloht anﬁ alao indicatas

'-f whethnr the easa &t hano lies “1fh,n the runbe of’ purely streaming

V"jIn order 1o flnd tha backwater height. zln for streaming

"fo;fléwjb *ormula {4). 1t 15 naceasary to multlply graphically ?h w0

‘“,variable ractoru A and B rapresentlng thﬂ twu axwreasions aontained
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Thpremre thﬂ &emrnud tion oi’ t‘)‘
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,};as deucu.n _1(3’1 oy numsmus duplicete ‘Lel‘tso The ﬂﬁtauﬂ "

-‘-'for the fstmwrd piar K by Evarf"fm
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cphpli aﬁed ro‘atlnn“‘lnvolvea in tne flnﬁ‘*

theiproblem.

?;réﬁuiig of tzi

e d e.‘t‘.r_ir-sa;m':

mauv care ‘to co tly cnuhbes 19 neglga,ana even hﬂu led tu the abun- i
uoopwrn of pro;o aa briuba

 -”hib prnceede convlncingLy‘frow this 1nvc¢t1gation.‘
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