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f!d:r i:n mvi aboma ;t.ha w&ter s:ms & Ehi zz;'ﬂ itin.}::l ‘easkrtanse.
aHiéh itg: directly proportdonal toithe aqunz* of he s;»:gch.-«p e

valosity, ‘and. ;nversel’ynprqpurtianal Ho some (pover of i
hydrevliciradiun, -

‘the*hydr&ﬁiic irediva 14 'bmaed m: A ds:: Eﬁqn&l KTy {,“9 dﬁ,s— N
«charge per ‘foot -of widih: ‘Aivided . Dy e svornze vetoeity, ino
sthe ~gection; \ar ‘the! n;,r&mulic rading P &ﬁ“"tm.e.:.., rm aﬁ.‘r i
‘the water.

The vilue of ”'n" Anithe: ﬁanﬁix‘g Tormele ; iﬂ emw"ﬂ’r

'ir@
rtimlar Lype -6 materlal m v:hieh stha: ehnde or @pi“ww
\is s,fmpa?ed._ R e

L

v N
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. ‘d&t.u

. ‘formlo. uontaing air cantunt avauge *velooity. hydraul:’m mdf;lun. lmd
,‘aangle of ~oh\rte 'aith horisontal. ‘uut fm: relu’biumhip hna been fmmd |

’lﬂhiuh ‘oamibie aunfirmnd wdthin"natisfnatary 1imits by'the oxparimgntal =

In thia rq:ort: the i‘ollowing topica will be discusaed: ;
‘Data -available omhigh vlloaity flmr. ) '

R

f low.

.Amlyeical Pormof :gir - reaiutmoa*carreaﬁibn. w
Emlustion of coeffioienits, -

Application ito. designiof s typiull fateap uhuta.
Appliaution ‘to deaignrof :Shasta . stillingwpool. ‘
Prcaent 'atrhua of - treeboardreonq:utations SR

D3 O G e €A

Da:bc. l,uile.blu on. high valooity Jflvw. All auilnbla

-da.ta. on high velooity i‘lmr ara morded 111 tablea .2 3, and 4. of
';the ﬂut progress rqport on thia raub:jecrt:. In datarmining |

' -vel.odit‘iaa rrom ,thu ono:lllogrms ‘for K:.t-bitaa, tho uime diutanoe | .
:r..oquired for: the :salt .oloud to ‘pass . frmn one - sat ol alnctrodqn .
"--to anothtr was ob’ce.ined byfaverag‘.mg ths time diate.ncea rbutween

| ‘the beginning poin’cs sm tho oumres, and tha 'bime d.iato.noen batwoon

| 4‘other oharautoristio po!m:t:u omthe oumn. By using a8 tima _'
:-diatanoo. tha.t d:la‘bmo 'behmen beginning poin‘l:s won the auwas, 2

a velooity: appraxims:bing 'bhat of- mxim !lae obtained. | Uaing

,-a.maverage;of ‘thia {::.me:distame and tho time rdiatamea ‘bdtween

'_Applicah111ty of iextsting, opan-channnl rofﬁulua\xo@uaratad:,;ﬁ_qJ

‘Nature of : a.ir‘raaintllnce. B R T Sa R

-charaoterhtio pointaulhouldfrosult .'mra valou:lty,ammt laas .‘:,-:".‘-"

thnn mﬁmm. _,Ir 'l:.he tim dlntme A8 talken : fro.n the o«mbors oi‘ -
' fgravity;d‘ tba areau-nndor the t-wo om"nu. tha relul’c Lng veloci-by e
.‘nhauld he -an- avomge ri’or ’cha mtion. As the xveloait:l.ea freoordod
in- ta.blon 2 ‘and : 3. nf the i'irst progresag” ort wero computad by |
:-'I:he ﬂrat mthdd _delorihpd above, !.t appqars that thcy ara gracter ‘

ot




-I:hnn the avomgo volooitiea. ‘Io prm *thin 'point, mweml fﬂr : ;
the oloarost ouaillogmm woTe aéloatod m the timo distnnan gt

from beginn.mg poin:bs an"‘bhO ”ourvos nmere mlso aompuked. Tho mtie

‘dties ’from tho “ntera uf gravity for ~uix!:een metn oi‘ Lourvu
a.veraged 1.40. Tho -ratin:ni' veluc.ttiw o recordod \in tublo 38
‘of “the first progroau *rgport, obtnined«as deucf:lbud rat tho bo-'

g;izming 'of thzs pamgraph divi;dad by ‘the ‘velooitios from f:ho

oom:ars oi‘ gravity averaged 1.24. Aa the rotcillogrm mora "in

mn.ny ‘osges 1nﬁiatimt. and in aom- uaau*‘hhe curvua xmru ntxt
ccmlpla'huy roccraed it is’ impasuibla “l:o ro-nnalyze n.ll uf thun,'
to obtain the avaraga \velouity. Jns‘bud ur this the ‘vdlacitim
in tablos 2. md 8 hl:re bean ~x°udut.vecl by divid:l.ng ea.uh 'n]:oeity by
1044 the avorage ratko of wulccity Ma.n x;o‘c;c;rded \:m the ~roport-:ho
tho rrolooity as datarminad byxuuing the ‘tim _.dia'ho.nou hotwnun

kcentore df gmvi:ky. ’Tablea zmnd 8 of vbhe i‘irnt :;progress :ﬂpm't

tha volooltin corrm‘bad. Tiith ’che m mluos ’°f*worag§" '

s air -con‘bont lml va.luo O.f'..w havp a;au}-

for uu ‘on rimu md omlu ﬁth amIl gndicntq,,
mll ;veloc:!.tinn. Ii: i.s highly inprobnblo thnt ai.'bhor -romlu
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applies direstly to th\a solution fd'i‘5ﬁi‘gh'-.ir'élodi£y.f‘£iow. In ’-t.l;x:a'

‘Chezy formile . o

‘f -ig ,.__Tr_

the’ volonity is auan “to ‘wary - as the nquare root or thu hydraulic‘
radius, ‘According to ‘thia fi‘cnmla. an immam ~1n air 'nonbeﬂt

'rreuults in.a larger hydrauli.e rudiua. and | hanoe ay greater velooity. ..
This result is quite tha oppassita OBRE" would expeo*c infaerntan :z'luw."*-';:ﬂ
A dcri-vntion of the Ghezv f‘owmuh. will he undertu:on o ahawthat
it s incorreot iu:high volmity flow to une: tho m.raﬁ]f.ié rud:!.un
of “the “1naufflatud" seet:um, without changing the " vnlue oi‘ ‘the

| coeffiolent C.

Lk '?100 - psrom.t of :air dn nntorwa.ir mixture by vol'.ma
b _Width 'of chamndl {(rectangular) '
o= umit weight of weter L
g . shmar por-unit ares at *aurfaoa of oontaot
‘hetween water .and :channel
Wr:.’cing the . equilibrium conditiona for volums Dbdﬂ

. .

Dods [(1+4) w etn ® = 7(2D0+0) A

T

or 'l' "".'_‘;"m | (l-ll) :‘ff“;‘uin 8




e Le*-w-kvz : |
Asluming k to 'ba the sauw in "imuﬁ'la.teﬁ“ u.nd not "1nlui‘rlatad“r vmter. ,
o R - Db " TR . L T B o

u.nd “‘: '-i‘ sin 9

then k v?*\- R(l-p) - s

W (1-u)%m% ,/~—

("E)%' Chezy c ' : S =
mat (lhu) ‘/i? : - ("{  : .‘, o :
In other words, the coefficiem‘. C in the Chezy fcmull mue'b b§
multipliad by (1-I-l)% when !:;Jpliud 4o weter and a.ir mijureg_ :“-‘ AL

i

Defining R 4n a new \my
Rnet ' E%D%}T;EL 7.(_.%157
4n vméh“q'- total -di‘.icfhargo of the chemel
and V = averags vnlocity in a aection
the Chezy formuln renaine . . ST T
Ve Jin,t E — @
Ina similar manner 1t may be uhm that the M!xml.n;

fomula should use the Rmrb a8 dei‘ineud tr.bove when water co.ntainu air.
Both the Ghazy a.nd Hn.nning fomula ooefrieimtn uare -

_obtainod empirically for low velocitios. Tnder thoae condltiam

there 1is undoubtedly very little reaiai-a.m.-.e to flmr fmm the n-ber- i..f o

eir surfage. For high vclocity flow, B grest denl of alr. ia ut 1n

'motion by the water with ndditional lcsses which would not be inoluded

in the Chezy or Mannins fomulal.f I:: ordor to use either of thasa :




formulas it will be necessary to.correet them in ‘some menner for -
the additibndl lesses,

4, Nature of &ir'resiutance.‘ ‘*tia is known nf the'

mechanies of air raSistanoe. It has baan'¢reauentlv ooserved that
hlgh elir velocitles oceur over channels oarryinb water at high
velocity, The force negessary to keep this‘air in motiun,:whioh‘ia
an added resistence to flow, éoﬁes‘frdmrtheantar, This foree on

the air would be practically independent of ths depth of water but

%he retarding roree on & pound of water would be invergely propor- _
tional to the depth. As eir resistanoenis.usuaiiy‘probortibnnl | ;a
‘to the square of the welocity for high velocities, it ‘is reasonable
to asaume this to be the cgso‘uﬁtil further date can be obtaingg;

G. Annlytiua1 formrof alr resistance .correction. The

Menning fornula ‘is 5 - 02 V2 . ;
.. P 4;.3 : (4) ;
T | . 2.2082 R |

to thles may be added = term to acoount for ‘the -air reéistance;
‘ 8o that the formula beccmes

S = ;n? Va K Va

as *

,?'?OBZVRngt Rﬁet
n = Kutter's roughness .coeffipient,
As Rnet oannot uﬂ determined until . is knuwn, a slightly different

FOTE.

definition of R wlll be used, which ia

R = . - ‘
o ﬁ%ﬁ | | (s)

This is the hydraulic radiue based on pmo, The ano will Ee

8lightly less than R ,¢. 48 the values of K" and "p" are obtained




‘From ‘Bernoullirts aqﬁa’cib#x f'ﬁfigure 2): .

Bw By =8 808 + Dicos®

A ., »orous-aaotinnnl arem S

Vi ‘= vélocity .at elemental - ‘ares, HA
vi - a.verage vﬁluaity in tha seotlon
' ‘ 72
With 'Y de.t'ined as a.bove:, av

pound :of - ﬂater for the aeotion.

Taaing the dsrivutivn af (a)f‘
' respect +to J

‘_-m.ne T dD oosB o+ uV
i a8

Q= -'VD n dianhargo par foot of width}_"

‘- -DdV -%dv

'Cmmbiuing (9} ‘and (10):

¥ ﬂE m . wsin @ -Qo ovs L4V + .4V Qv ) - o
.5iven ~‘1n oquation ('?‘)s
. Se --Jvz
2 2088 R

The negntive lign is-used 1n the right side of the

ST dn- thla mvera.ga kinatic emargy lper_: ;

«aqun‘bion to ahmr .
a deoreaae in E for an: 1noreaae ‘in 8, Equatins (11) asnd (12) md



uolving for: d8 v‘ e
'avq, |

242082 S
2’2823;‘0 | .
L '."'

in whioh. K e.nd P are. ‘to ba determined i‘ram o

\ L

Although -equetion (1:'5) appoars complioated tlue rirht uidwmy be
expraaaad g a funot*.:lon of V for any pu.rtiouJLar amlll vrlbh oontblnt
width, prav:.dod Qo, ‘the roughnau -and thea uluupa ure knm. Under
such - oonditiom Rimo = W7 | ‘

bwm |
.jj

'whvws _ P : 'b - width. _f‘( ' {;' o

NEY
‘.

J{ B
qus.tion (15) ms.y be writton %’ = f(’V)w g e

jm-‘?"l’*ﬁ-lﬂtls.%; o "fﬁ(f_V?) a8 ordim.te ag;igs't Nf‘,’:rla_u ‘a‘baoisd‘a,' au'_éhouui"-';_
K L IR r : - | -' SN
in figuro 5 'bhe rou-hamched ma is 'hhu lengbh to thnt ,po:!.nt e
EV‘

in the - clmtwa uhera the velon.ity ia o !he ‘velosity et the begin-
ning of slope, or any orther poi.n:i: dn the shute at which tha veloai.ty

l

is known 9 v

i




6. ?vnluatian of coefflcienml. For all prectical pur< .‘

poses the velooitien uontained in tabla (6) for the Kittitns are _:
tarminll volonﬂtiee.‘ Equation (7) m&y be-used to datermine the -
0onutants. It will be handlad ag' follawn. '

S-n2V2 5.._‘ Eve
4 P
r: 2. 2082 Rp. Ho

log S m?vﬂ ' "3 = log E+2 log ¥ «plog Ry-o

4
2 2082 RF’?O

log (s -2V )y uLTx
2.2082 R’* 8 .

“.and

then
and

By least squares, the two. condition equatinns for determinntion of

A and p are:

I 3(x-2z)- A~ pTY

I 2Y(X - 22) = ATY - pxre.
Thease two equations in two unknownu, reault in K = 0.0000564 and
p ‘- 1.46. o _ A, ; | - : o ' ’ :

Te épplication +o the dealgn of & @incal steep chute,

To illuatrate the use of equmtlon (13) with the constants ae debqr-

mined‘above, a typical gteep chute will be considered
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551510 x  1.990Ma10 3 Todittanse  resigwanse My iy

Ldets —z
w5} LRT va(wﬁﬂ)"ﬂ 'u(“mu.s “ * ml'lnln Ml;‘nm

T 00O 0,005l e c.0
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ey {(28).
m0JO000864 N~ .

SEea L, N 4 ..

z.zoaz} R'"_n' R

. ‘Conorete ‘chute, :rsotangular
-0rons ‘asotion, ‘8 fget wide,!
angle of floor with har:lzm-

~tal 45 ‘degreos,. d.iaohu?ge
1600 :seoond<fent,

.‘Average weloolty at any: 800~
“tion Ancluding air .resistances
‘and - average ‘veloolty 4f no
‘air ‘reaistance s ‘asgumed.,
Asm,lﬁ. 05012; . = 1,16;

water: ontarn ‘at .oritiosl -depth,
Do"a" 100751 v - 1303 ‘fﬂﬂt
;per =asuond. o

0036070 V = 441 .42

.'nm 104000, 000, oss.-rss TEY so)*/ - o,oomom,oza,aaa vg(v + so):""x‘B ;

Thm nelutim -of ‘this . wqw:bion 1@ ﬂhm 1nwta.ble (8). &‘he walue - of #

s dateminad fram 2 X ei.the:r by the :method . mzﬂinad idn ‘sestlon B or -

by Simpam's ruln. The tominal veloaiﬁies with tho air mam!.nta.nco

tam and- without "‘te adr =ma:!.etnaae Harm :ave foumi to he 101 rwt par
Second and 1175 faat per aseond, reapmtively. “The Jdistmna dowm ‘the
»chute at. whiah ‘99 peroeat of the temiml valoai'biea are reaohed ara

‘84646 feet and 1,807.2 41'9@3: fer .the 'bwo mqs with nir roaiatam:@

¢-ﬁithou'c 33 roaistame, reapeutivwly,. Ihza rlmgth Ay ba plotted agaizw‘h

.



“the véloolty, -or :

the : aotual dspth w1l ‘be grnn:her 'l:han Dnot-

8, Appl:lunﬂion o | tho am@ of ‘Bhasta, emm.ng ﬁw.. :

At mxinum ruawolr elmtion, “the. Shu‘ca. upﬁ.luy ﬁilchargo por L
foot of ‘width ie 489 neoond-feet, a.nd. the difreronoe An olmtim

botwoen ‘oresgt nndlpuol ’floor 487.5 fee"a. ?he thirtnnn 'aluiﬂm

diachnrge ‘per ‘foot of width uill be innmud 1n tho neighbm‘hood

o

.of ‘the’ sluiomy outletu. ‘As thia mter 5hnu less nmnntm por

.'momaae !.n depth due to- the 1norme dn. ditoharge por -.t‘c@t eor«wim
dovmatream f.‘rcm the sluiomy outlets tenda tn innromo tha véloci:t:y

w0 factors, . deoroue An; nmmhm por ,paund ofrmtor, sumd ‘J.nnrmo i.n
ivi'.mirsulio radius 11111 mr!: Lagafumt omh ﬂther. 'Bomputetion nf.‘ _‘




aJ.one il diacharging. The mct mnnt of daereua 1:\ volooity 1!
i.npouibla o detormiwo ‘a8 the angla fof spraud oi‘ sluinmy ;jot

rand the' m.nnor An'Wich it Wil - mix with the crnt Je‘t sure ot knm..
n order ‘to ‘be ‘on \thn uufo aida. At \r.ul ‘be. rannmd "thu:t thu m:bar

mterl tha peol clt the voloeity whioh vrould uoour :l.i‘ thu nluiomy:’-‘:”."?:

ware mot -eporuting. ‘ Tha oamputnti.m for. Shn't:l. willmy are ; givan‘ v

An tnbla (8). ‘The et ?wdmuiio radiun, .1;" ,oufia usqun“.l £tu !

g the net depth Ba/ Vs !he eurvod rpor'l:ion letding into thu ,pool i‘rum

| almtion. 659.98 to tho upstream nnd ‘of “the pasl. ﬂoor 1- tnknn ‘nE |

8 straiglit :saction et an angle of 33° - 141 with the 'horizontal. |

: :.i'hia ‘agsumed tnngsnt is 201.7 fea‘b long, wheraaa the 1ongth dmm tho ‘

‘Tace of the .dam to- elm‘!:ion 659,.98 is 502.0 toet 101155 It ‘was,

-aagwmiod that the face of -hhe dem oa.tanda kup to olmtion 1025.22 as

a. utra.ight ‘line of - a.ngle 51° = 20" with ‘the horir.onta.l. Bemoulli'l

-eguation was written 'butwnen a point &m the ronorvoir n‘ber nurftea

~and olmtinn 10?5 22 to dctermina the reloui‘by nt almtion ms.zz.. |

‘Fo lesses were assumed ror this oe.louhtitm. Ir tha bosi.nning mloei‘by

13 semewhat dn orror. it wJ.ll afrect tho velecity u.i: the - tee or ‘tho

dam very 1ittle, -as . W is omall at olmtion 1025.22.‘ Thn»mdthn& _

of :Pinding ‘the - ve].oc‘.lty ‘at any length dom 'bhe fane o:!' the dlm ia 't'-ha

;sma a8 for- the chute. _ L 4 A R
'Y detamining tha nqounary d:a:.l ‘m'bur 'bo uintein e. ; o

,jmp, the discharge per foo'h 0 width 4nd the monng velmtty ,'

" ;auffieicnt. !he air oontmt or ‘the Mtu- don not :Lnumn M‘.s




Imntm fnpprao:lably, but 'tha iy ; mmtarnt ”1:1:;;'@““ the dopth
::"' ‘of - the . entaring jot. and 'hance the. u'bnt:ln prnwro a:d.lting in tha

| ,;;jet. The :gtatio prouaure is oi‘ no pructionl inpur’olnno an utmpared\_' -
. with the.momentum itern, ; ao that aven whan d:ha mtutio pruutu'e iu
doubled “the non:}ugate depth runainu "'l:he *sm vﬂthin 1.1 fru.of::lan u.t‘

one perosnt. CAN o )

.The- hydra.ulio-;jmp *fomula 1111 be upvunﬂ ao that the

‘negessary td:ll wter dapth ‘over tha apron. Dz, 15 .a_ i‘unrs'bicm nf qn, 1

the . diacharge per: foot of .width and vl, the ontaﬁng uvaraga volocity.

g -8 ‘/ZQ' P "-'v.t ) Q'z R o e
Dym = Y0 4 [FRo Vs QT KT

P fviz TR '
in which. )’ 18 A oorreotion 'bo the uanmtum term roquimd bncanao of
‘the: wlooity distrilnrt:ion; V As the voladi‘hr at mren A4 ¢ a.nd A iu
:area of crou eoctian.' ’Thin ,fomuls. ia oorreot uhon a.:lr s proaon‘h
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