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JSu‘djﬁat: Prugreua ruport ‘on’ ltudies m’ tha' ow oi’ mﬂmr :Ln : pim
ohamwrs with Myx sra&;&antm =

' B P Intruauut:iun.- m 'lmndmanm of op"en ohamxel ﬂ,w :
. -has long ‘besn R Interesting .wb;ieot, ‘partioularly to ‘the’ hydﬁnmﬂ.o :
“\engineor. and ‘when ks ﬂw 4gn ‘u dhinneél with 'a ‘high gradient '
- Atie fascinating even ‘to-a: 'lmm Bmpiriosl I‘orxmlaa have, boon .

' j-dav‘alopad for: dotominingthe hyﬂrnulin In'opﬁrtms ‘of an open’ nhnn-
‘el of relut:iwly 1ow ;gradient, ‘Chongoes in cxistiip lormules md
- developnont o new formules ‘have reculted: in” ‘givinj; the unginoer
‘tooks widh which to dosipgn ‘and ‘build ‘ghrictures of thie type, eammm-
‘ 1ca11y and with & mafked -dogred of assurence ‘that tho hydraulic np-

- ‘oration will ‘be asetisfactory, Tho ‘detn fiom which theso fomulns

. wara dorived 'havo ‘boonesteapolatoil mnd ‘the rasults weod Tor dusigu
.~ of .channels with high . (;radianta. To Bomo ‘this apposrs logleal whilo !
-others .follow procedent ‘for want of a ‘bottor ‘procedurs. There hew
bron . ‘aonecnsus of opindon:that additionel 'Bota arg novsusary o

‘confirm the Cormulag uaod 4n ourrant prantioo ‘or 1‘rmn whinh to 1&5-] L

velop: oW fomulns.

‘ 24 Prevmus worlk by ln.borato ".section. The’ "sub;)act .
hag been reopened for digoussion in the twdramc la'bnrwho;\;g BH0="
~tion within the paat year. The “erm reopen is. used becAuse the ..

--8ub jeot, was apy riached previously but was not developed to -any. p‘e%

extent baonuse o1 the .urgency of solution of more apecific problamss .. -

The. subject.wa. not forgotton -and data were nol‘locty;l Srov£ime to -

time ‘as 1t prosented itself. Whon the :tubject Fras being dummmad Ea R

'nreviously, :three .nn{,lns Jf;o tho problenﬂ wore -considored:

{1} "Is air prasont in tha flo- and, if ‘8o, to what extont?

{2) ‘Mat io tho mechanics by whioh air mipght enter ‘tho water?

((3) * ¥rat factors.ontor into the ratardlng; of tho vcloci-by of
tho flow in lho ohanncl” - :

Tha raault.. of the..o atudies ars sunmarized briofly, In regnrd to -
(1}, rir was present in tle low, but at.tie locatior tected the
‘anount as neasured by twe different methods wvms found to Le a very .
-snall porcentaze of :the total flows, In (2} the mechanies by which
the air enters the flow was not sntisfactorily expleined. A atudy:
of L. Prazdtl's enalyais was mede. [fis supgostion is that if a
clfferoncs in velocity occurs butween two layers of fluid flowing
past one ancther, the boundary surface does not remain smooth, buf




{irst asswss o wave form, then ocurls back on itself and fingle:
1y iassumes the shape of a vertex. In the oase of open ohannel
{low, where the water purfssce i{s in contmot with the atmosphera,
these vortices form et the ‘contact plane and ocerry alr into the’
water. Turbulence within the flow then distributes the air.
This turbulence was oxplained by B« We Lane, thon hoad of tho R
laboratory, to be a facter in tho air distribution, Also turbue
- - dunoe propagatod from the sidos and ‘bottem of the ohannel wns :
- ‘inetrumontal in trapping tho air in tho wator. Ho states: "Ac
' the water starts ‘down the steep sestion of a chute, the porticn
of 1t which is not -olose to the bottom or sides, ig rapidly ag=
oslerated and soon attains e high welooity.  There is & nerrow
zone an tho bottom and sides,‘however, in ‘which tha velooity U
~edjacent te the walls end floor is mero and ‘that at ‘the .outside
of ‘the gone reachee that of the center spation, Ia this narrow
‘boundery layer thero is,. thorefore, m rnpid incressoc in veloeity
with inoreasing distance from the side valle, or in other words,
thore is & high volooity gradient. In the side strips tho flow
18 vary turbulent and air is ontrained, giving the wator a whito
OppOETAnce, % & % % ., Thero is a similer tono- in conteet with
the ‘bobtam but it is not -as apparcut sinoo it i3 wot'in contaot
-with the etmosphere, wnd air ig therefors not ‘entrained. This
‘boundary layer,. both ‘on ‘the botton and sides; is narrow at the ° »
topof the ohuts but widens ae ‘the waeter flows down.  The water - Lo
. in ‘the wontral swlit-Lloiiing portion ‘has--a relatively smooth sure
‘fage, -and the ‘acoeloration resulting fram moving down the wchuto is RPIU
rotarded ‘but little by the efect of Mn‘t_’ionwon"‘bhok.aidea.' This:. =~ o
santral portion ‘bocomos narrawer .and ‘thinner as “tho ‘boundery Isyer. - |
ineroasos in thicknoss, and if ths -chuto ig lon: enough & peint =
.1z reachod ‘Where the, velooity “Shroughout ‘tho ertire oross-scotion
- 15 -considarably rotarded by sido frietion. hen ‘this point is
-roaghed the surface ‘boocamos rough, since the  turbulont zono has o
. “extended through to the water -surface™, Purther study in relee . -
. “Hon to’ thie phenonenon wes edvised st that time.  Oomsidering
.. (8) inirepard to Pastars opposing the flow, irst considerstion o
wos glven to 'the dimensions and characteristios of the channel, T
. Some tests were made dn-an existing structure end the results . .
- Were anslyzed an the ba is. of detormining a walio- of Mu® &n Map< o

ning's formule, “The 'walue was found to ‘,agroéf;ﬁ'zram_'j‘blosélj-#ﬁ:h.,' .
“welues previously datémiinad.;i"or,.aimﬂar.'oanalj‘;"liniﬁg on flet. =
. w8lopAs. . An extenaive progrem of tests to determine the flow con=

L Atitlope existing on the ‘faoce :of overfall dams ‘was -outlined,  Ondy
R amelloportion of this progron was executed ‘because .of more ure
. ment work. Friction bétween the surface .of the flow and the at-
,-Tosphere was Imown toexint and was recognired as a retarding
‘;’_;;ifact:ar to the velooity lof ‘the flow. An outline of tests wag - A
- propared and an ostimate” submitted in en offort to ‘sgoure authori-
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zation ror a atudy to be mada to determine it possilile *he moni-
tude ot the ratarding testor, The Frogrou was not approved, unt
bucuusn of ldck of interest, but becauso o loel o time for the
laboratory morsonnol to conduct it. Since the proviously dezerihe
vd work wng accomplished, sanll emountg of datn hava boon colloet-
vde  Taese consist primarily of porsonal obsorve tions and photo-
rraphs ol low, '
1

3. Scops of current work, The subject has been rovived
buanuso structhres now belng designed are of such Mroportions that
avallable hydraulic dosign detn canuot be apslicd with n roasonable
Cogree of ngssurnncoe thnt the conditions of {low thirough the com-
pleznd structure will be mntiroly 3atisinatory. An investigntion
0! thie characteristics or Clow in open chanuols wiin high gradients
atdd on the face of overfall dams is boing conducted at the present
time to sunploment tho avnllable design data. Those current studies
rayr be divided inte throe divisiong: (1) Ar cxtensive study of the
literature of this and foroign countrios to ascortnin tho oxtent
of writter matorinl aveilablc on the subject; (2) dovelopment work
to ovolve a nothed of accuratoly uneaauring high velooity flow, und
(3) a program of field vwasuraments on an exigting structure,

4. Study of litorature, A study oi' the liternture dis-

olosed very little om tho subject and the oxplavations by the authors -

differ rreatly. The mode of attack on th: nroblem has bewm denlt
with primarily from the empirical standnoink although applicd mathe-
ralical solutions have been tried. Io attonpt will be made to [ive
& lengthy discussion of the views of the dif'forent authors, other
than to sar that they may be divided gener:.1ly inte two schools of
vhourht., The first sroup ‘are -of' the opinion that the hydraulic
Propertics of channols or high sradionts oy -be calaulated by the
Uso o “he spme rorrmules as used for dotermining tic lydraulic pro-
rurtics of channols on flat arades providing of coursc thot the
correct valuos of the camponent parts’ of tho fomulss arc used,

This procedure assumes the presence of air to be neglipgidle or its
orfect to be inciuded in the friction feotor used, The other group
prefers the hypothesis that water Tlowing in -an open channel beging
to absorb or entrain nir at a:veloeity vhich is stated to be be- -
tween 6.6 and 14,8 fout per second depending upon +the type of atruce-
ture-under orasideration. At hiighor velocities the parcentepe of
air by wolume 'in the flow way be as much as 80 poercent. Due to tlhis
‘entreiment of atr in tha flow, the velocity is sonmewhat less thax
that eslouloted by standard formulas. The area of the oross section
of the flow ia Townd to be.much creater, Alsc the presence of ajr
. in~the_flaw-with-a¢oqnsoquant Inorease in intormal friction and
. dearease ‘in density.may result in a maximum or trrminal velocity,
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bR sxnotimagni tude f:a‘if.ttﬁafw@luaity;ﬁhu'_‘mt‘ bean dsterriined
- vakthoughone ‘authoir ‘statee, "The ‘maximin velooity ‘heretgfors -
‘obaerved at which ‘Waterexir mnixture . fXows ine steep . chute 'is. .
oo e TTEL sfest por.sesond, and ‘that Jportion of sthe ii'v’ta'tar-nir'mi:;t;ur'e‘-,j;}__";-‘ .
Lo cacoypied ‘hy :the wator amowmits to -=I‘rm720i.nhg"}:}”55 percent ‘of ‘tho - o
~ | totel :volume™. The:meohanies ‘by which this:air entera the flow: ' .-
“ .. ‘has:not ‘bdeon .ntmrﬁét@ﬁ}y’ﬁ;mlainad;,(_li_xpr’*itp laok .of suflicient = ©
R -‘obsarvations, Opinion -Qiffors as fo:tho rate -of .absorption of »ai,n,f_: &
. iRogardloss of tho mechanios by -which ‘the :air enters the -flow, its
- .. “presence .in the ‘dischargo 'is coortain to .gause s ‘d¢fforencc 'in tho :
. ‘hydraulte-proportios ‘of ‘the .chamngl. ‘Many authors ‘Tocognizo tho
 %prosoncc.of /gir n ‘tho flow ‘but Fool thet since " ig.q reletivo’
. wdlue of friotion 4t .can oontain ‘the ‘lossoe ‘dio. to ‘this .air, How- . ¢
'+ LOVOr, semo 7of thoso .oxperimenters find-a‘welativoly high valuo of L

122" :for _conoroto .on @ atagp :8Yopa. ‘8imte ‘the.formilns woro ine
‘“waluo <off "nf ‘datopmined  oxpu rimontelly ‘for.

. 'tonded .for uge. with.a

15 : a flat .8lope
©.& ‘roughness .factor jleas ‘than that laid oh a -steep
copin elopae. The ‘atudy.of the literature may ‘be :smmarized by saying . S
o Lithatothe -8clence .Gf flow dn.open chennels with ‘high pradients ig . e T
T "-‘-:au::a".lmon‘tjunaxplared_%‘i?iéld.- .Although it ‘is not g new :siubjact L .
*ho AifLiculties rencountered 'and the -of variables presont
Hiniauch flow ¢ -have . L1y - dod ithe ‘progress toward
o lem, ‘Aleo ‘the! formulas devel-
X : own ‘into 'n’regy'_-:gqmrﬂ.{;éuofqga‘
and ‘have ‘boon aét:qbted‘.ga standard, Ihls condition ronders the
- ‘Propagation .of \any :now fomulas er-muthod .of :attasck Aifricnlt, SEN
“During the-time that the /protilem has boon seonslderad, -convorsntion -
“with many dosign, construction and ‘oporating ongincors dise
that at'warious + -geme e en et
‘but due to 'laok.of‘auitable-oguimont, difficulties .encountarsed - SElne
i:ln,conduotix;g ‘the tests, ang ‘apparent -dieerapancies, the resulta. ' o )
-have not bean -publisghed. ‘A much better conaeption .of the subject- -~ . - o
. Gould probably .be obtained Af ‘this dondition did not exist, s

: . 5e _Plow on the face of 2n-overfall dam, Wator Llowing
dovm the ;face of o 6h .overiall dwn Is e form o -open channecl
Llow, yat praotically -nothing 18 known of the conditions that
exist An this type of flow. Only reoently ‘have structures boen _
"builtito .such ‘height that -this problem hes become manifost. The
design of these -8truotures ;has been :based .on preoedence establish-

.o ved by "lowar strudtures and :by model .studies of ‘the contenmplated
e designe  The -height of overfall dams ‘has inereagsed until it may not
"~ - ;be.considered sound ce to extrapolato tio known faots further.
" ag. may be used 'to detormine ae- .
) ' qualitios of the .flow on the face .of hizh owerfall - o
Thig Circumstanco exists ‘bocause ‘thero have ‘baen ‘no struce-' -
‘tures from which to obtnin tho data nocessary for evolving sugh
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iormulas. Bven if structures had been.available, it ia deubtul;
ir'anyvlnrge“umduntfdfydata;gould;havefbeen'cdllectedydub%to“thaj“j
intermittent operation and .the extreme sconditions wnder whioh the
‘date would have to be.cdtains « ‘To:what extant deta -obtained from:
flow in open channels with éelativélyrnarraw;aectibnliasappliuable o

to flow conditions on-the face of en ‘overfall ‘dem ‘is purely a T

Ser of conjectura, Tho efficacy of this ‘data qen be determined .
-only by the condust of tests.
-8ilons aro within the range

'not ‘ba possible for a meric omentioned

daofioieney of strustures, In-the moantimo & sorrolation ofipraaenﬁ'jf:,»ﬁ‘“""

data and o study of oxisting struaturos:thdt,approachetho 8izo of
contomplated dosipgns ig very desirable. '

6. Limitations of current mothods of mecsuring hipgh-
‘Yolocity flow, Some oT:tHe'eariy‘axpa:imenta have Tailed -complate-

ly and others were incomplete or questionabls becnuse of the equip~
mont or mathods wsed in obtaining the data, Acourate moasuremente '
of velooity and elevation of wnter surface arae negessary to proper-
17 enalyze flow conditions in channels and the means smpioyed to
securc these measurements must be ‘reliable. The current moter has
been generally adopted in this country for use in measuring low
volocities. The ritot tude has found general ‘use in measuring the
hizher velocities, Ench of these two instruments requirc oalibra-
tion beforc usings This celibration must be conductod under -con~
ditions similar to thosc for which it is intended to be used. '
The degree or accuracy of' the results depends upon the care exer-
cised in the calibration. With these thoughts in mind the planning
of .a series of fiald measurements necessitated a cararfyl choice of
methods and equipmont. Water Tlowing, at hiph veloeity, even in
relatively small queptities, prosents a rathor unruly mass to handle, -
The kinotic onergy of this mess ig groat, consoquontly any equip-
nent that is used must bo dasigned‘to-withntand:sovarc-nction.
Equipment designed for field usc must be compact and Possoss a do=-
“rus of rortabllity, It must be mnde such that a minimum of com-.
ronent parts are employed which aro easily secassible and may be
repaired with a small amoun* of equipment and undor field conditions.
The wrineiples upon which the equimment functions must be basically
sound and the tocanique emploved in handling it must be such that

A maxinum roturn is grined from a minimum of effort and tine, The
usg o camnercial current meters in high velocity flow is not prac=
tical, They would aot withstand the ebuso to which they would be

exposed,  Speeinl typos of metors havy baen dovelopee to moet eQre =T

tain reguircaonts and still othurs mirht be ovolved, flera it

Ible te obtnain n sturdy ingtrusent, it ig still neceasnry to obtain
7 rating., Az has been said bolope tio accuracy. el “the instrument.
cevends upon the derrec of gare ecerciged . during tle calibration
and upen the similarity of cortditions under whick the instrument

is rated nnd those axisting where it will bo used. The lattaer of
these two requirsments is hard (o mcat, 3inocu curtein oxperi-
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o ‘n. mnﬁam ‘have ‘foumd air wuuent 4n high valuolty *rlmr Atwas’

. ireagensbla o ‘expeot that - ‘that condition does -exiat, The: extmt

- and daietribubion .of the ‘gir ‘beosms part «of the protlem, It wES

T abvious: ‘that existing :sonditions could not 'be fowetold nor ‘dup=

“Ricgted.” “The rting olitatned for.‘a -proparly: designed ourrant 1 -
_-maker or. -plkot -tubse, .although oarafully mads, ‘may ‘not ‘be. agpliodblo
A0 (P161d -eonditions £ mathods ‘in ourrent ume ‘are followed, By -
"methods in ‘eurrent wuso: ‘18 ‘moant tho practice.of moving ‘the indtm-_-
" iment through at{l1l:-wator ot & laown rete :of -apoeds - This: mﬂmd .
. As ot basleslly WEOnE but tho fillany 2ies: #n thy Padt et
7, #%11l watar-would normdlly be davoid of - ‘adre Mo ater woild.; hava
" oa-donsity- somawhel -above ‘that -of a.,m.tor-aatr nj.xtm'n ranpomung i

‘of gouree .upon tho :pereontage of :alr iprossut. ‘Singo; this: ,pnmont-

age ia noti mcm-n 41t ids dmpossible - tomorrudt ‘for the' Bifforenae .
.in-density end heneo ‘tho: rating will bo in .arror. Furthormora, ..
-4in-tho caso uf .a- p:ltat tube “tho pmams ‘of "air in-the :flow is :m.
haourae of amoyanss. and - unless extreme -care ‘s mtercised alr may -

trap in ithe Neads or in the: -instrument :and oAauge ‘Srronsous rog&inga.' o

* sAnother ;fadtor ‘that must ibe oonéidered ~is what -effost, -4 - -eny, “the - .
“iturbulent water found in: ‘high: .velcoity flow . will heve’ ,npon the
-;ascuracy:of ‘the. Jinstrument, It is not. dogicel ‘to expeat am’f:ly T
the -sene raaults o8 1 thase . obtained :in qulet wateor where streamline
fiow pagt the inatrmmt fpravaus.- ‘The dntroductiorn -of mulm- into
the flow .and -a. Dodsirement .of tho ‘“time ‘required  for ‘tha
of ‘the :nalor - ‘betwann ‘Lo ‘or mops - puinta, 5 ‘tet
- tances,:has baen -vged,: ' This mobhod &8
| heoadse i the oerar _im:rsdmd An ithe : Maalmamnt md *tho
o xﬂﬂ'iuulty -of ‘the /hwman- ‘aye ko Geteat the :BxRat: xho -
“reGloded mass,  In: wary iturbulont water:where thhe auy '
Cowkthirair, - tho (Clow .appears * very white and ‘the presenos - P,
 epboea’ithe -surfroe : sranders it -almost - inpnssibh 0 mM rorpign
- Thody “in the Plom, - Um'rs of | thh -mathod repm“t iﬂ..ﬁmia‘tenaiaa:' ¥
the resulta, Timin,g *awi‘aes or sub-aurfao’—‘z'lnats ‘OVer A knewn'
~reach-of shannel, : ‘impagt . davima,, elmtr&.nd'
- :dissipation ifrom e ke in<the ‘Llow, draveling eoveen, and
' ﬂhwzwity m@thod | oL ma.am'mg E.’mo}atgo :
‘ I : : ) m

e’ ??he aalt-wluoity mthod
. ‘ g : i‘lewihhrough power.
tﬂats. A teat rhokuﬂqw rand imeth~
8] pgrrmted. In alo«d -oentiukt
: e jntroduotion of hr:lno nolution
:eonduit: by ﬁ quiokvacting pap:valva, The Lime s :
uat *;he time - th:kq;wlye‘opm il'ha lbrim: aolm:ion 2
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siream in the farm of o cloud within Lhe flow, At a selocted
station dovmstirens two nlectrodes are placed near the cencer of
the conduit and connected to an electromotive forca. An nmoter iy
included in the cirouit. As tho Lrine cloud pnssos tie station,
the {low of current botween the two olectrodes is incronsed dus to
'the pressnoe of brino in the water. fThe time at whieh the brine
«oloud passes tho aleotrede station is racorded, By carufully do=
‘tormining the volume of thy conduit betweun the point of introduc~
tion of the brinc and tho cloctiode station, and the alnpscd time
of travel from the valve to the cvloetrode, tho Aischarge por unit
of time may .bo dotermined. If the volocitics in the conduit arc
rolativoly low or the distance batween pop valve and clectrodo is
sufficient, tho momsurcmont of time may be made with an accurotc
stop watch. ‘However, if high vilocitios are oncowitored or short
reachos are used, the accuracy of the flow moasurcment daoponds
largely upon +he timing element employed. A caroful study of this
methed and the results obtained through its use led to the belief
Thet the genorsl principles involved gould be applied-to velocity
measuranent in open charnel flow, The teohnique employed in the
application must necessarily be different, ‘Singe ‘the prescnce .of
air in open channel flow is ovident, it was not ‘advisable to use
the method as a means of measuring discharge. Yoreover, the volume
r.-occupied by the flow in an open channel may vary between wide limits

-dagending upon the velocity and digscharge, In a closad oonduit one

variable is oliminnted since tho volume remeins eanstant, The por-
ticn of the mothed applying to velocity measurcmont, with cortain
changes in toehnique, suvonmod equally apnlienble to open or closed
conduits,

B+ Initial tests in laborator‘.‘rﬁ-technique applicable
to cpen channel flow ang equipment to execute the tests was necess-
ary before any £ield measurements could be attempted. This devel-
opuent was started in the leboratory, 1In ad-ition to monsuring the
velacity, it ia neoessary to‘secure.waterqsu;facﬂ measurements in
the channel for camputing air content and energy gradient. Some 4

~ satisfactory means.of obteining these uoasurements was also sought.
It was found that 4he technical scotion of tho Denvor office wag
-gonstrueting anHOSGillograph and this instrumont would be available
for use as a time-measuring device almost as soon as other equip-
ment could bhe assembled.for"htartiqgjthe.tests, A hydreulic model
of a ohute on the $un Rivar;prodect,?Mbntana,:waszbeing»teated
2~ in the laboratory. “The .chute:hes a eross.seation of .epproximate-
1y G inches deop by 9% inches wide. ‘Velooities in this model
‘®ars fror ten to fiftcen ‘feet per second and the section was of
-sufficient length to-permit:preliminary:investigation‘of tho methoed,.
‘Copper electrodGS»Wnre;faatened-to:the insido of tho chute ang
wire loads.carried to a eonvonicnt location for the oscillograph.
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5 g lastrod ,‘_med *ranged “4n. Width fran 1/4 dneh to. 5/4 inoh_
il 'were Jgpaced i Froq-aix ‘inches ‘to two .feot gpart, measured
S perallel o themﬂter iine‘of the: dhuta, - :{‘:m #leotrodes- .wore
uaed &t gech point, .one ' on sach :8ide ol the Tlume. ‘Fhe t.riginal
- udtrdps: sxtonded ‘from ithe’ .flcmr tc"&he top of ‘the sidas ‘but- acme
ofithess were later -dhortaned o : m’:d on].y ‘part WA up’ the .
sides  in order that ‘they wWedld Mot projet :Wbove the! wator sur-
‘fase, -Othors wore: extendu’d{part ‘Way ‘moross, 'the flaur and : up- ‘tho
.8¥das, Eleotrodoe werc leter mado by lising e, 7 ‘Tlathesd) 'bmae, .
jod - sarvwe with anly the mfa.no of tho heaqd, Q‘mnaﬂd to ‘tha .fluw. R

i . 8. Demeription af'tiw oaui;llo The wseillograph _.
' naed -coneisted essentially of Three moving soil galvanomoters, ‘an
woptical -system, and.a mbo:«driven cemera. The uvurrent supply..
.ifor the fTislds of the gilvancmeters.was: ‘derived from-e: six<¥olt
- ratorage ‘bat‘berv ang- ‘bha moving colls ware Texcited : frem dry «esll
battorios in'the tast - cirouit. ‘The v!.hx-a'bion of -the moving . ooﬂm
;. Was . dampod . by odke “The opthal systam remployed two smell fiash
" i3ight bulba.as ngm: BOUPEER,. A oyYindrical lena to ‘reduce the -
‘Light supply to7e horicontsl band, ithree .smdll cylindrioal lea-
‘508 {ono in front of aach - galwmmetaz‘) ‘to foous ‘tho ihorisoritel -
-band-on“tiny. ‘mirrors ‘fastencd -to the :moving ‘eoils. -of ~tho - galvanmnm
. eters and:toichange ‘tho raflectodibands 'to ‘vortiocal : ‘baxids, ‘and
a eylindriedl ons +a) :foous. the vortiedl bends as- points onthe .
- £11n An-the - -samere. - Tho camors was ‘boltedriven by ‘a 8ix-valt
.shunt wotor. The Tegord: Wag. nadc on :standard ‘Yol 122 ccamora £1lm
An :87=4nch | lengths, - wound ‘on éaﬂligght'_lmdinr spools.” 'One J.ongth
. Wes J%.ﬂld for- ce.ch reeords | Tho'241mwas drewn “through tho oamore _
a*iright fam'“ CE to the vlbratinf 1tgh’t boam. - :

= Two pa.:.rs of eleutrodasf- ory .
aepam’cely connecte 8y +o two of the gnlvmemetera
dn: the om3illogragh., The third galvanmwter iwas -eonnected toiithe:
110-70'51:, -80=-cyole, A. C. light:supply to provide.a time ‘bage: -
‘the-record -£ilm. The power supply Lo -opsrate ‘the : ‘galvenondters . o
‘included ono or two. dry cellibatteries, depending.upon the base =
current nowsded, and the oireuits -woro cloged by ‘the watar -between
_the. electt*edes. After all oincuits. ‘wore proparly balenced ‘the
. CAMOTR HASE ~gtartod and salt: solut:.on «<dwmped from .Blass containers
‘into thd flow. A saturated #olution was uscd and the -amount ‘in~

] ‘Zroduced. varied -during the “teats from one-fourth pirt to one quart.
elt was mmlly introduced dt:the upper end of the - !:hm but in '
~gcme ‘instances the - 1n-hraduotim was made :cloge to :the firat set

-aQi‘ -elestrodes, From three: %o ifive measures of ‘brineé ‘could be
ﬂmp'tied into the flow. during “the - ten seconda required for the film
to :pasn ‘through the eamora.-




g 11. Reaulta ‘of “initinl laboratorj taats. Slnce the .
Coscil logruph wes srranged to ‘provide visunl observetio:, very
few film records were mede. The t7pe of electrodes, the number
of drr ocells necessary in the circuit, the .amount of selt, and
~ the point of 1nduction were studied visually an the grcuna flnsp
. of the oscillograpk. “\ien the tost circuit was connscted to the |
osclllograph the galvanametoers regis*orod B ‘base ‘deflection duo '
. to the passego of somo ‘current Shrough the flowing water. Tho X
amount of this current was dopondont .upon tho aren of tho, alectrode
- exposed . Lo the wator and tho amount of .aloctromotive 1"cv*'uo suppllud
bv tho. dr* ce¢ll batterics. As tho brinc- solution passod betwéon
the ;lcctrodou, the conductivity 'of tho wator wns incrensod and
tho flaw of ourrunt ineressed. . Tho wixainsn in the galvonomotors
were onloulated o give n deflection of the light Upm1 on the film
af one ineh per !1va mll’lnmperes caange in current.  The base aur- -
rent amgunted to from one to thres mlllinmperes and | durzng'uhe
passage of the-brine was increased to apnhroximately eight milliam-
neres. ‘Ihc instantly responding moving coil -alvanomoter and tho,
qstic&'} stan nroduced a - current-time rocord -on the film, in wnlch
ﬂiscanca alonr the film was propekional to time; and the ﬂuflec-~'
zion ofithe besn of lirht was proportionnl to the ‘indtantaneous
relue of current vasui“r throuch the. galvanometer vibrator, ‘The-
record phisined hr osuel an ar angemont is .so long-that it i3 not.
Hensible %3 rc;"oduae'it Lere. ilowever, s wortuon of en artual
resord Iz shoim on pleze l. @ fo atienpt: Wes nndu to measure sc-
curetely Lhe velus of Lie. current since .1t hed little. beering on
i rasul 5. Thr distunco betwoen the eurves nroducod by the PRES-
ane ef the a1, ne mensurod by the time acnlg.-mﬁosud on tho £ilm .
e the 80-cyvels «2ioranting curront, ,corrusror*;d to the tlace noeors-
sary for the flaw to travel the distnrice betweon the peirs of elec-
troden. Tids distence was necuretely mensured in the [Tuwie. The
ﬂistance betweey, the curves on - the filim s Lakon in thres differ-
wnvs.e  Tho *1uLnnce betweun tlio cﬂntar of gravit:; of. the curves,
sor tho points whereTthe eurves lof't the bﬂoc lines,
”l:tsvuc botweenn cimilar points on Lhe curves wors ncasurcd.
nrices nll sgroed very elosely and no *rend was EV¢de it ool
urcoort indieating a hi her veloelts than anotner. The
voeloeities chocked tiu enleulated averngo velocitics vory
k The eluctrodes with rester oxposurs to the flow pro-
r crocter base deflection in whe pelvenomcters Lut this could

‘s

isand Weodeeruasing the veltaps in Ghe eircuit.  The oloe
T orxtending above B wni*v~d"*i$;‘ e sounsitive ta wavoes
»

aurface ~ the [lowsd Thic coused extrotieods defloctions ip
%t ct‘vnnowﬁ+9r, whicl dere st Cirst econsidered %o be ohjuctionable
but were luter ‘ound L7 be resdily disbinpuishable from the defloe-
tions ceusod b oche brinc. T4 wnn enneluded thut serip eloctrodes |
fRutared e Liden of ilo Plume or elreular olecbrodes on the sides

R -
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. ‘or'battam of the flume would  give satisfactory results. ‘The area
o ;0T electrode wes immaterial 'since it was necessary .to::"balanoe,'tlxq

icurrent at the instrument befsre ‘each ‘test, ‘using cne, two or
. "three 'I{r-valt dry batteriecs. . The -amount of ‘8alt necessary to pro- -
. ‘duee'a legible dofloction was detormincd by ~trial, The quantity
- wofsalt solution influenced the dofloction produccd An two'wayse -
-~ Thermaximun doflcetion.was inercasod’ by an inoreasy An salt solu=
.. “tlon’ and the curves oxtcendod ovoer a greator olapsed jtimes  Too. L
great adoflostion causcd thu eurve ‘to.swing boyond ithe edgo of LT
_ the film and an cxeossive tino dntoervel uadc ‘tho ‘ealoulations @iffi- @ -
"~ cult. By determisiing itho corrcet amowit -of "brine and by dumping’ ' ‘
it dinto :the flow quickly ‘vory roedable eurves worc obtainod, Tho & o
longth -of flune ‘boing uscd mado 'Lt possible to ‘introducc ‘the brino L
.. At the:upper -end, 'The cloud was carried through the ‘flwne with very: .
" little -slongation, | ‘ S P S

- ' 12, :Laboretory tests.of high welocity ‘flow. A technique
“:necessary to-securs an Anterprot the resords obtained 'by this meth=
od .of measurin; velooity was developed :for ithe low-volocity Clume, .
- To expand this toohnique, a wooden flume wes constructed on a 45- S
degrec.slope. [This flumc was:9,6 inchos “wide by 1045 inchos deop, -~ .
" .inside -‘dimensions. .The lengthowas 17 feot 24 Anchos, moasured w- . -
;. ‘lomg ‘the slope, ' .The.wator was dolivorcd ito the flumo by a 12-inch
- eentrifupr)l pume and was admitted %o ‘tho. flums under jpressure from .-
& roumded-edge :slide. gate. The maximum ‘dissharse ‘0f -B% second-feet S
“.produced velocities of ‘approximatoly 'S0 Teet ‘per second. The -slec= ",
- ‘trodes :installed .in this ‘flumc:were -inciibrass:disks + ‘Placed R
flush.with tho dinside’ surface af -tho sehuta. liko .sets ftwo ‘ddsks
per sct) wero placed An the floor -of tho.chute, 18 ‘inichos ‘botween -
. .sots, moasurcd .along the eentor line :of ithe floor. "‘Nino aoty -of
-2-oetrodes wore placed 'in thoe sidos of ‘thc wohute :nt itho same ‘Apac:
Ing and /in’line with the ‘bottom :electrodes.  The ‘loads from the *
. elettrodes were.carried 40 ‘a ‘gantral m#ivtdhboanﬂ;at_v_'i:'};e_u;u?dil'lo—
- g¥ePle; The -connection from the board to the ‘ingtrument -was nade
. by short leads fitted With tip jacks. ‘The ‘brine -was ‘introduced o
into the H:mri‘rcm—au:prﬁasure tank with an‘outlet imeediately ° - .
~downstream fram the ;s1ille pate.and controllod by a quickesct~ = -
ing:.velve. “The Antroduotion was mids st ‘tho surface of the .flow.
- “The technigue :f61lowed during these bosts was .@saentizlly ithe
-'same a8 that in the low-veloait: chuta.. Three:additional ele-
_.:ments :inatalled 'in ‘the’-oseillograph made 1t pesaible to measure
the weloelty over longer reaches and ‘to trace the -dotion of the"
“:3alt eloud ‘through a :,gxf?:raté‘;f, :distances The'base current ‘through -
. "the.oircuits was found to’ bq*’:{s}:ight;y “logs then'that in the low- .
. veleeity chute, probably -dus ‘to the’ relatively -amall oludtrade
“.ares, henee a “largor-smount -of "Brino -was _nocossary tp -produso a .
. ‘8uitable record. 'The brine could be introduced more rapidly with .
LAY . - i A T : Lo d ' B v - )

¢
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the nquiel-acting valve go tho initiel cloud in the Flow was evident-
ly quite similar{to the cloud in the low-velocity chuta. Howaver,
thero was more elongation ag it pagsed down the chute which wig -
Pocted since the/turbulenco in the flow wns greater and high veloo-
ities provailed, {oar the closo of the test program finoly pround’
womult was used instvead of a brine solution., The cloud, as ropgistor-
ed by o milliammetor, was slightly longor thar the brine-cloud but

- vas vory little groator in coneontrntion, Evidently the highly
turbulunt flow dissolved the snlt rapidly and digstributed it through-
out tho cross seotion in a shert distance, Although it incrensed
the wori necessary -i i _ vi he oscillogram curves,
‘this method was con - desirg cnuse of the simple
manner n which the powdor could be intrnduced inte the flow, “8ince
the method was being devoloped for ficld use, simplicity of aquip-
ment wns essentinl, :

Results of laboratory tests of hich-veéloci ty flow.
The series of tests although not extensive led to scme delinite
conclusions, Oscillograns produced were eesy to interprot (plate 1),
The brine cloud was oarried the length of the flume in g sulficient-
ly compact mass to give cned results.  The resulta obtained from Lhe
electrodes placed in the side of the chute checked those fron the
'bogtom‘clectrodos 80 closcly that thero was no cvidence of disagroo-
mont. Thiz indicated that the brine was well distributaed through-
out .the cross seotion mnd tho aquipnont enployod was sensitive to
tho presenco of the brine recgardloss of the location of the vleo-
trodes, Heasurenents of ve ' of sither side or bot-
tom electrodes checked the : ted velocity within one percent,
7he velocity was calculated by the formula V = /A, whern V is vel-
0¢ity in feet per second; Q, discharge in cubic feet por sccond,
‘andgA,:area-cf the eross section in square foot, The dischargo was
measurod ove vai he arem of the
oroas - ul, 23] : . The oseillograms
i ‘Pulsation in the base
the :resulting de-
Several'explanationsawere
It was very possible thet splash from
the wire leads‘andicaused;a‘part of
ct as olectrodes-intermittantly. Viasual observetions
;uf5I10W'conditions,;howover,_shcwed rulsations sn the flow. itself,
‘There appeare ’ T af high-valccity water‘separatad,by
-région = These flow pulsations wers evidently
. reflected in the Photographic recorq, Velocity determined from .
“thanfiimﬂhy using thege minor'derlectiona of eurrent gave consis-
:tpnt;ranults when_ccmpared‘with'the deflections‘oausod'by the pass-
:ggekqfksalt;_‘For'the-purpose of making field mensurements, it was
oonélﬁdedgthat electrodag,,ifAinatallod in a structure at the time of

o
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s ‘the .friéb‘ording ‘equipment, If, ‘however, the -cloctrodes are for in-
. v’ ltl‘l‘] i‘ .

T

L

| ‘ita’eredtyon showld consist of ‘#pall plates erbedded flush with

‘the riterdor .aurface of the ‘shannel, ‘The*wire lends ‘oould then

‘be carriod through the wella ‘and to :3eme -suitable loontion ifor -
thon 'in an oxiasting ‘strusturn, ‘they ‘should consist of motg: -
-zaourely anchored ‘te the ‘81de wells in guch a .mannoy that
voul: in ' i the flow, Thoy should

‘ be installcd Porponaiadlar -to the-:figor of tho chute .and bo of

‘suffisient longth to ‘oxtond :above ‘meximum wator ‘surface 80 thowirg o
-1oad gould be attached o the uppor end, The ‘distanso that tho .

- -olostrodes should 'bo agparated, oithor longitudindlly or tranga

yorsoly, would Rocosaarily ‘dapond -upon tho-acotien "0 bo tostod,.
From the rosults obtainad in tho amali chuta, 1% wes coonoluded
thot finoly dividaed dry or moist -salt would diesdlvo iin the fur-
‘bulent flow very rapidly and would «be_':satiqfaotory for-ume, in
‘the field. Some development work wae " done ito zsoure & means of .
‘accurately ‘determining ‘the water ‘surface in extrozsly ‘turbulent -
flow. The basic vprineiples spplisd eppsared to be :satisfactory
‘but insufficient tins ‘negateod the complotion of equipasnt suit.
'able for ‘field usm, o =

= ‘A Program.of fiela

o lde 3
measurements was inl ited to - or ‘develop the msthod of moas-
“uring ‘high-veloaity Xlow and to securs deta for.the desipgn .of o

.~ the flood #pLllway :for Bhasta Dam, After considering the dimen-

Bions of existing stpust; ‘ the poasibility-of ‘cperating

. them coweniently, the ress Y station 1146430 .on the Kittitas
“ "Mein Canal ~ Kitts akima Project - Washington, was

' .saleoted as sultablo’ al testing (plate:2), 1In this struc-

LR

“ ‘%ure there is a dr of feot in a horizontal distange of = .

1213 feet, 8 small - rA bl of thig'fall oc-
; ' A plen ‘and ;section |
h two botton slopen - w
Te, the opportimity of
nglke ingtallation ‘a8

intendent.prior : The loca-
tion of 'the eloc on Tigure 1. Tha sets nf eloc-
trodee were numbored Corsooutively down the vinstewey. It was
considared advigablo to.install the .pairs op eleotrodos at -the LT
two .diffurent intorvels bocause of tho ‘uneertainty of the stabilicy

~izeeof the sglt eloud, ‘Should the disporsion ooour quite rapidly the

10-foot remchas ¢ ¢ vslooity ‘aithough
tho ‘90, 100, or 110 ; forabls, 1f whe .dis-
Porsion should be sufficiontly small, ‘because tho porcentego of
orror in roading the timo would be loss. Tho actual distanoos

iz
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between pairs of electrodes ‘were measured after the installation.,

The wirin: system differed slightly from that used in the laboratory.
All electrodes on the left side of the wastovay wore connoetod ‘in
saries by n single insulated wire leading to tho switchboard at the
nocillograph, A separate insulatced lead conncotoed cach of tho eleo-
trodos on the opposite side of the structuro to the board. Tho dry
cull batberics were introduced .botwoon tho switchbosrd -and -the og-

cillopraph,
15, Velocity measurements. The oscillograph used in the
inboratory’was used for making the tests in the field (plate 3-~B).
The only change in the instrument was the addition of an eloctrically
driven, 50-cycle tuning fork to provide e time baso., The vibrations
of the turning fork were recorded on the f£ilm by conneoting ono of .
the galvanometors in the tuning forl: eirouit. The remoining five
cleuonts wore available for connvction te the clectrodos. Data wore
obtainod from ton discharges ranging frem 89 to 1005 second=foot,

Ihe gircuits and clemcnts wers adjusted until tho light buoams would
r.fistor the trace of tho current on £he ilm. TFlour szelt, of o
fineneus to pass a 140-mosh sicve, ves meistoned until the particlos
would e¢ohere whon molded by hand inmte balls. The size of the ball
neeassury for gatisfactory rogistrotion on the Lfilm was deteimined

by trial end error. Then measuring velocitivs over u reach of 200
feet with the lewer discharges, bells two inchee in diamutor wero
sufficient. TFor lenjer roaches or larger discharges, the size of

she bolls was inerensed. At the mexinum disoharge, with veloci-

ties nesasured over o 400-foot roach, the diametoer of tho ball was
roproximately seven inchos, After the balls wore formod, tho rgcord-
int epparatus was Sot in motion. Tho balls wurc thon tossed into

e flow n short distanco upstremn from the tost rouch. The nuaboyr
of balls used varivd from onc to five, Or short seotions five anlt
palls were used for a single film racord, It wes found that all

“he bnlls did not reeord because of the ¥ole tively short £ilm, so the
rurbor was reduced to ocwo for short renches and o sinple ball for

Lhe longer reaches.  Sinee only five prlvansnoter clements were availe
ubhlr, five rogords wure necogsary to cover tic onbtirce length of tho
flume et cnch discharpge.  The Pirst five sobs of clectrodes wers
connwveted for the first rocard; the next Five. s ‘ar the scournd,
rnd o oon dovn thoe wastiwny., Var all tunks, o 1 > irst Chroo

senarpes, one record wag unde with elecenrodes 2.0, Ty andn@
G, LE, and 30 con-

i

coverened and ancther wiil, olechrodes 12, 14, 15,
ruetad. I8 wes fowel thnt by intredueing ons large bell of sult,

Ve elaud enrriced over tne lenser distunies in nmple tine and inon
Tubl lesontly eonpuet cload to o dve s lesible record.  In frel visuol

GLSrY oslons vith o pdlliemcter showed Shet thie selt wns carrying
Lo tullolon ti of i wastower inon suiiicivot concansration to

Jlune records, douoaver, the cloud vuns prertly Glongatod.
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' ‘ 16+ Depth rieasurcnents, Meagurements of the water surfaoe
were made with e point gAge (plete 3=A). Ten cross .sections were
mensured, one at the nid-point of each of the ten=Loot electrode o
stations (figure 1) Nins ohserVations'approximutaly one foot apart,

wore ‘made at each oress section, This some procedure was followed
throughout except at the aigher discharges when excessive 5pray made
it nooessary to abandon the first station below the convex vertical
eurvo. At the maximum discharge, it wus necessary to also ebandon the
sacond etation below the curve., After the teosts were camploted, the
width of the ohannel nt emgh station was oarefully measured.

zege readings of the bottom of the channel were talen with the same
instrument eand ot the same locations et which the water surface ob-
servations were made. The depth and area of cross gection occupied-
by the flow was calculetod from these messurements, :

17, Diacharga moasurements.  The discharge through the
wusteway wes determined by gagirg the Tlow in the main canal with
& ourront meter, During the reatar part of ‘the tests, the total
Llow of the canal was diverted into the wasteoway, For this oondi-
tion only one caging stetion, looated .above the westewsy turnout
Y7as necessary. The remminder of the time somo water vms passed down
the cannl for irrigetion purposes. A gaging station loocated in the
aein. oanal dewnstresm from the burnout wa8 usad to obtain the quantis
tr pessing. The Qifferonce 4in discharge .68 moagured at tho
ing stetions was used ns the quantity passine ‘ ‘ )
The current-moter moasurdnents for . ‘ 101G . imu ously
with the veloeity and pdintlgagc'mqaaurdncptsn An oxpcniénoqd;hydxogr
raphor from tho projuct office modo el thoTcurrentemotoramcasurokﬁ o
monts. Standerd ourront metsr practice was omployed .end earo vas take
er to attein g hizh degrec of acournoy,. ' '

™

18. Photozraphs. Fhotographs were made of the flow condi--
vlons for each discharge ang o nw | ; : S
renort. Sixteen millimeter motion pictures-were made of all discharges. -
ost of thase:pigtures\werg taken with the omusra opereting et four o
Tiries normal s : & ¢r second, “hen projected at normal

_ actual rate of motion,

‘the ‘surface water was oxtremely rapid, this deogres
of slow-motion pérmits a much more theroush observation of ‘its char-
actoristics than is possiblo othorwiso. An wltra-hish spoed camora
would have made ‘possible a much more detailod observatien,  The .spoad
- used was the maximum for tho camera employod. Tho films sre filed
in the hydraulio laboratory -and are available Tor roview, The motson
‘Pictures ars considerod -a vory veluable pert of the data colleoted
becauacfthqy-vorify cortain actions that‘oould,otherwiapﬁon;y?bo
casuwmed . ag true buegusoe of tho deficioney of the hunan oyc to sec
repid motion. . ' B




18. Rocults of depth memsurements. The results of the
tests on the wastewny are given in tabular form. The observed
depths of flow nre Flven in tabls 1. The tablc consints of ten
divisions, each division showing the properties of one of the
scctions observed, (fipure 1). 1n the first column of enah divis-
ion is ziven tho discharge os mensurod in the main canal during the
time the dopth obsorvations ware being mndo, The next nine colwnns
nive the actual obeerved dopths of [low inr foot at distanoes from
the left side wall. 1In the column headed mean depth, the averngo
of the nine readings across tho soction is given., The next column
{£low aren} £ivos the wroes of tho cross scetion of flow. This is %he
Product of the depth given in the procoding column and the avoragu
vwidth of the chaunsl as measured. This arce is corrvectod for the crosge
soetionel nreg of fillets betwoon tho sides end bottom of the chan-
nel.  The last two oolumns show thu wetbod perimoter and hydraulic

 radius s calculated from the proceding valuco. Al obsarved dopths
have beun ineluded in tho tabl. to shew the consistoncy of thu rosults,
The choppy winter surfaec and the large amount oy spray rondored it
difficult to dotormine whore the point of tho cuge should be to give

& roading that would ba indicative of tho notunl depth of i'low. Tho
surfaeo conditions nlso made it difficult to observe the point of the
‘gage. The depth of flow was oonsidered %o be at the base of the

and drops of water. The top of the main portion

nunerous small waves or rollers. The water

the table are approximate mean values between the

erest of the weves and the troughs: between them. The vibration of
the point gage was relind UponR more than visuel ohservation to insure
that the point was nt relatively tho same position in the f{low for
Suecessive readings. Two factors nay be obacrved in the depth mons-
urements as given in the teble. (1) For the high disecharges, the
weve dua to entrance conditions (plate 4) wos reflected in the ‘point
guge readings at station 1-2 and J-4. This wave was not ohserved.

“ bevond that peint. (2) The water surfacs at the sides of the chute:
was higher than thet in the central portion (plate 5). For the
higher.disoharges. this high portion extonded slightly over a foot
from each wall and wes as much rs 0.4 foot higher then the central
rortion of ths flow. For this reason, observetion of depth by staff
Bages fastened to the walls of such a structure would be in error.
"For the two- lower discherges, welludevelapad—traveling;waves were

. spersistent 'in the riow, particularly on the steep slope. They were
" not.obwious. in the Wigher flows.. Those ‘waves formed in the upper’

‘trensition sectior and increhsed in megnitude and velooity as they .

Brogrssssd down the chute (plate 3-A)s  They aru the type of wave
ohserved 4n ‘mmorous struoturos at low disoharges and have bocn ro-

. Lorred to by som¢ .euthors 88 "slugs” or "bells” of watar. Some ip=
; ﬁa]csﬁ§@§j0bservatinns:wuro'madenin;rogard-to those wavos. Although

'*255ﬁ§vn&?wcrc_obsqrra@ to pass olootrode no. 18 in 50,8 sceonts with
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B. WAVE IN UFPER SECTIOH oF WASTENAY CAUSE
CCMDLTION. DISCHARGE S22 SZCOND-FEET




¥, FLOW COHIDITICNS © SLOPE. DISCHARCE 922 HECOMD-FEET




o diseharge of 183 .sscond-Pest; they wors not ‘paricdic. At times:
. ¥ fwo would pass - in .one ‘mecond .and than'a lapse of two or more seconds.
. would ‘ogqur ‘bePore another wag gbserved. The aversge rate of -poour-

.. i ronee of these waves at alsotrode 00g "BO “for tho mams discharge e
:one "‘evory 1.6 mesconds. Obtgerwetlon -and ‘study of ‘the motion Pploturos - U
;ahowod thet tho wolaoity of thoso waves wes oonsidorably groater than :
“tho wdlooity ‘of . the dntormodiato watar (plate 7-a & B), Tho fremt .-
+ of tho wnve was:nosrly vortieal, htlo tho back had s long slopo that
-2xtonded ‘almost-to the .front ‘of“tho 'suscocding wavo. Tho wavo front

e aleost . straight ling rorponfiicilar to ‘tho dirootion of flows
. The ‘cause :of the waves vos not-definitely :observed but the oonclus~
‘Aons -are :that the friction 4n the Tluld being less than that ‘between
v -taesflutd and ‘the solid chute caused the upper part of the flow to
- 8lide .over the ‘lewer ‘pert and thus -attain :a highor veloaity. This
- -high-volooity wmiter overtalos “tho ‘weter flowing at a lowor volocity
‘and %ends’ to plle up forming #evos.  Tho mechanies of these waves .
s ‘Bimilar 4o that of @ ‘hydradlie, Tho vaves mads’ it diffieult
to got an .'a;vcragg,'dnjbﬁh of flow for ‘the discharges ot which thoy'
‘oscurrod. Observetdions worp made et tho srest of tho wavo and at
en intornodiato point :and ithe mean -of those: readings. osonzidaorod e
~“tho dopth .of fIow. {Obsorvetions of -dapth” fa 89 mocand-Topt
_ Alacharpe ‘have baon cmtttod from ho %dblo axe
_Blations. The mngnitudo nnd rato of oeurronce of the
- Bhations farther dovm the channol randored tho: '
“Tt.will .ulaobe noted hat th

L-Qgrens end neasuranente made ‘An- the wagtee - -
_ - It was very diffioult to read the time:
sanval Lrom-the osaillogrems for’ the ton-foot olsotrode statlons =~ =
end $he sprror-tavolved was nigh, thorefore |90, 100, end 110-foot . . RORRN
‘8notions werd ;used .alnost mtirely for determining the: velooitias,.’
1t may be noted in the table that the obsorved ‘welocitios’ vary as
nuch ag 25 pérecntiwhen moasured ovor tho .8amo” roach with an eppar- -
ont oonstant diacharge, The avorago warietion is approximately 7
peroents ‘Thore aro goveral fagtore wiioh eontributo to. this dife " "
foronoe. An ob"semd'-vclocity. “Vieual cbsorvations .and a study of:.
the motion pictures show definite pulsations of weloelty 4n the

flow (plate 7-B & ¢ ). The apparatus used was evidently sensitive

to thess pulsantions and one récord was nade of the ‘high-velooity
uess while another wes made a% 8one lower velovity. Some of the -
.veriation wae wndoubtedly aauased by clight errors in reading the ,
-o8cilliograms, The reoprds wore not .obvisus end soms Goliberetion . .-
Wag neoegsary to dotorming in-eachk omou the exact vlapsed time ro=
qudroed for the galt to pass over a knowm distanco. In faet velcei- ,
ties -could not heo setisfaotorily detornined from seme .0f the Todords,.

ie
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This wecounts for -the Wlank -apaces in the tablo, A ‘large smount .
of this ‘disorepancy eould be eliriinated by ‘further improvament of S
the ‘equipment -snd ‘technique.  ‘Bevarnl of the eioctrodes wers dom=
y ‘aged and ‘4 few wore ‘broken off and oarried -awey hy tho wombined. -
©o o oaotion:of the inigh welocity water end -rooks end ‘'pebhles in the "o - T
o Thflow. e bent oleotrodes :eltured the -distenco ‘botwean stations -
© . 'butsince.cemperatively long ronchos were used ‘for theo:metusl =
- veleolty doterminstions tho orror Antroduced ‘fran this source UB o
swmall. Tho 'behavior ol the selt cloud as it “travdile dewn rthe wasbtom o
“way i3 a .3ubjcot about which 1ittlo “is lmewn, -~ Ihemny brovel from, - oo
-8ide to side as 1%t progrossos down ‘tho shutc, This inforansowas
‘gathered (frem observation of the aleotrodes ‘after ‘the nompletion of .
‘tho tests., It was noted that the -glagtrodes suffered more demnge
- -and ‘the ‘ocoricraty :showed ‘more erusion 1 the et wall -of ‘the wapte-
way ‘et -ono atation wiille £t the noxt :station downstraen £he demege
:8Nng ercsion was .on <the -opposite well. Bugh motton, wWithoush et
oo nosymmetrical zigzep pattera, wae notoed throughout the length of the
T westeway, | It dia:poasible thet some portion of 'the salt .cloud trevels
' .osontinuously in - the ‘high ‘welooity .center flow.and it is thia por- =
~* tion which icauses tho dnitiel doflection -of -ench 'galvancmetors - IF
_ ‘Ahis is true ‘the measured velccities -are the maximum velositisg, - -

~-“/The ‘velocities obaerved batwean electrode sstations "1 ond 5, with |
v dimcharge of '1005 ‘segonid=feot, are -alightly ‘abave -the moan velooity -
~ealoulated fram Ve .o/ 2gh. Tha velue of ih.used g ‘the difference

* “in.elevation (botween tho wetor .surface in tho cansl -and the water -

-surface at-o point midwey botween the two .atstions., No untranee loas

- ‘or.ikoss Jdue to-friotion was esswod. Thoso arc tho ?on}.y'ttjrb”:t;baomad '
. velodities ‘thel oxaoccd. the volooity waleuleted by the atove Tormula..

“7Binco both -obgirvetions made -under ‘the menme :oonditions ‘exogad ‘the
- “thesretinal ‘velocity, ‘4t may be ‘that ithe rosults wers .influenced by. . .
‘sows unknown factor. It may algo dndicate thet ‘the measured ‘velacity -
~ 'is ithe maximum velooity ‘in the “flow. It has ‘been ghown thet ‘as the
valooity ‘ineresses in pipes, ‘the ‘meximum velooify approschés the =
‘moan «orads-geotionsl welecity in:magnitudo. This may ‘bo assumed to-
‘apply in-the case :of un open channel until further study prowes” -
‘otherwiss. The monsurod welooities aro therofore .asguiod $o7he mosn
-oross~sactional veloaitios,  Gther souracs ‘of -arrer, -altheugh vary -
.. small, lie in the faot that the -spots from .all-the :6lements ‘in the
-osoillegraph cennot be.adjusted to lie exsatly .on-a line ;perpendious
- Mar %o the center line.of the :film.and “tho Totation constante of
- ‘tho.elements .aro not identidel. :Bech element daflects elowly et firat
- but.with rapidly inorcaging velacity, -partly ‘basause ‘the .eurrent ds 7.
~+ ‘increasing.and partly haoauso of its own inertie. Fence 4t 1e ~ -
diffioult to deternine on the £ilm tho oxect timo that a.defleption
'starts. Thoso sourcas .of orror ars #0 :small that -they ‘Wére son~
~8idered noglirible for ths typ: of work ‘being donee . . |
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21, Entrained alr. The computed entrained rir in-
rerasnt of total volume or Flow is rziven ln Table 3. Ytation .
(1-3) .rofars to the reach botwoen electrsde 1 and olactrode &;
stntion (3-5) refers to the renoh from aleotrode 2 teo clectrodo
5, oto, (see firure 1), It is well ®s emphasize Sho noto :(table:
3) rofarring to the caleulntions for air content on 329 - 1O
slope. Becnuse of unavoldable cireumetances, wantor surface rond-
ings were not taken at the rpoint rape station 11-12 for discharges
nbove 491 ;sccend-foot., ' Also the elsorvations arv rot completo

‘air contefit are considered to

:3tations. The mean depths, hydraulic
radii and velooities refer to the mean of all such moassurements
taken et the onds of and within each reach. In that pertion of
the table empplicable to tho 10° - 12" 'slope, if the two lower
discharges are disregarded begause of the travelinp wave type of
Tlow and particular obsorvation made of ‘the velooi tios prevailing
for discharges 362 to 719 second-faet, “inclusive, there appears to
‘Bo.en incroane in velocity far oach digchargn as tha Tlow proe
Erossos downatroam. This is not apparcnt for the thrae highor
diechargos. This condition may bo only-'a rosult of orrors er
volooity fluctuations but seems to be too cousistent for .that,
It.may be that for .intermediate discharges, congtant flow sondi-
tions had not besn reached in the trenaition seation but for ‘
the higher discharges auch a ocondition g2id prevail. The water-
surface measuremsnts show an almost ¢onstant depth for cach dis-
charge throughout thih‘seotion'of'thn.wnateway. Another reason
that the water surface measurements do not agrse with the trends
‘8hawn by the velooity measurements is because the point gaoe
readings covered a.conaidsrable period of tima end repregont
the aversge water surface gver this .period while the sait eloud
employed to measure .velocity reprosents a localizod section of
therrlawrand-mey»attAin‘a,velocity{aasociatedfwith a single
velocity fluotuation, ‘For ‘the high discharges.on the 100 - 12t
8lope end for all;disqharges'bn‘the‘ﬁ3°-r;l0',slqpq;;there;is
‘o conelstent ‘inoresse ol valocity:for»aéngungdiuchargeranﬁ
‘8lope as the flow.progresses down «the wastewny..  Honos 1t iis.
'Iogioalato;assumawﬁhnﬁ;unifbrm1flow3condit¢pua&pravail. This.
_is‘nntztrueffor:the-flat-slepo at'thoTlowoﬁgehd,cf:xheawadtewﬁ&,
Hare the .flow was deealaratiqg.and-ia.conaqquqnt;y:nonunifoimg

' . &of~n11‘tostaaen<chutoa.“,a‘aummary:orfaﬁl
&iy. ‘A% ohates -1a piven In Table 4. Infomation
i3 ouly given. on chutes :in whish the data is camplete. In or-. .
der_ta:dstermine{thozvolumsgof Rir, the quantity, the vslooity,
and:thasatmaiof;tharoraaafsthion;muat?ba‘meneﬁrsd. .Other date -
‘bave toen found bn#iinbmontjinstauoos‘onlyvtwo.or~theseuvalues'*

18,
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&aave %bm m’kﬁmimxl Md t&m mm e&lmlatad f‘mn tho famula -
o w RV G«mamuv imﬂmrge YU ualms;mm from BIARUrSd ‘oroas-
- cwection and monmured wasx,xw This, ot SIUTNG, ‘Bives a qmnt ty
‘thatimeludos e i and : hende 18 drs FRGISG f Lh brue water
Valuwes For s reszen mivrots vwnzpﬁemmm ‘hawe Teund a Walus, -
‘for B pop Homtigngte: Pomiila . 48 “vory ‘Gluss o that euprnien,
whereas 41 the: ‘astuslvmter: ‘Qieshargs ere uwed, Some othes “¥aluy
--mig,bt have boek ‘Pemd, TOnky “thawe ™ dﬂ.;m:‘muamea-ﬁ.m‘lm._j_' .
of a1l three ‘feotors. buve tsﬁm 163iided tn. vk ‘551.*’-“1'_ I
s Tperedblo dhat momy T Hho nl:aawatj.om mm:«mﬁa
- vaheble $iew oonditioms ; iPeadd « et tuen ‘atteinad. ‘
bay 2 nndddytodly ‘odlenge (dn'khig : oBang . ‘é'thgm%imwm
“platurss ; RN LRt ot this IMatian, ‘sbo ﬂm Proveilod ‘onky:
hwemy the.aldes of weha m!'.fmtnro whil i P mrticn ef the
ilw Wan: daplop. géloved, ‘Phe -data amdor mmherrz? RS, tenioom > i TR
‘8 .8lope yresedod Yy a ‘Riapge alopu (Ho. A otmparison o th.a
; m@i;mr&d “wilcoitfes imsiea'bas ] wan eieculamtmg abn .
“his kootion. Other.da data-may havo - ham:’inﬂwamd bv a&q:l.l,arv,:unm\-v
di“t:im ’b'd'b &ﬂhiilﬁ'ﬁm not amilahlm R

: - “Tn a‘btmting t‘n m‘ha.b-

. ralatlonsghiy | emn hydvaul cjnotors in‘a»ehanml.

T -AN-Equation: bamd on; thezmlyaia oi‘ aﬁuer'md data‘mtst b& eatab—
;;.Mahed. Ehrmbwgw',_i‘am

e

~w.97 R °°52 (ain Q)Q""‘

‘rhis mlmtim m mbliﬁheﬁ by model umm mda L.’m - wmn
‘ehube Q.82 feet -wh%m. Tng “Gopth  varisd . Prom 04045 4o 04161

eud the hydreylte: eadise e . 0,043 %0 70,128 Peat, -

| Pepovted by ‘Ehretberesr on ithe Ruate, mmay in *.'antx!ie

the velosity ‘vartes with ROe53, The ‘battun width of- ‘kht:s

waa 8.2 feat, T}m*xaa;sth for the i‘lma varied  fiom. Od.ﬂ

feot qnd the ‘hydrealio ; : +007 ‘40:0. 640 Paat; -
my hed ‘a-wooden ‘limmg Daisn i‘m thia -asme. wartowasy mmr'!:od

oy Sehoklitach. Sive idopths ‘from . 0.31- %0 70:94 feet and hydmulic A
radil frem 0.29 £o0:0.78 . faat, They showsd no . oonsintent mlatimhip
“botween: V. and R, ;?be-~experimenta made by Stemard in 2918 o ot
-ghow. & gongdatant vPgla tionahip o . exiat betwyon - woloatsy and | !q,r- ;
draulio radius, - The eoperinents . on %ha'; Kﬁ:tﬁm waatonny covared
depthe from:Q.5 to Z+9 Peat ;and hwimulic radiy 'Tmm 0.5 i;o XaT
feat. ‘The deta on. by -and ‘hydraulio . radis .
hava -been 3 on ‘logan &:}axiic .paper gnd-a
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oy u'ﬂm,O'R2/3~whar§-e 339 10 L ey

- might‘be'anid'thatathbveprnentrofiﬂ.iucraaaqn.aéfkia~1nogeas~ L
‘-eniir:Ehranbe:gartaufurmula,Ltha»dgtdcfrdmlnuetz wastewsy, end the - -
datd?framfﬂittitas'wustswny:a?aeannidarad.'fﬂbwavnn,thb~dnta.arei.,;
*tno;meagqrﬁto‘p;nce-a freat deal of weight upen thias relationship o
without further exparimentation. . Sines the oxperinents on ths = -
1Kittitus=wﬁntawny:include:only two slopen, it i&:nntaeonsidarqa '
udvisable o . dotormine a~relétion;&uchbés}Hhrbnharger‘a“bpﬁwaqn
v ﬁhd-sinﬁﬁ}fpfﬂﬁ:ccnstaut. Howovor, if wo assume tho volocity

- tn 'be .an oxponantiel function offthn‘hydraulio?radiuu-andrdampﬁta'i
whe oxponont uging only tho 70 “veluos. .of ‘8in @ nnd -inolude thig ~
funotion in a gunerel formule, v have . SR

V= 21,0 ¥ (gyn o) 0266

By comparing this with“EHfdnbdrgnr?ﬁAformuln‘Itﬁappc&rsfhhmt;@s

Tho ‘hydraulic rodiys insrceses, the cxponunt‘orfn*incrhasda,nnd

the wxponent of .8in .@.doorcuaua, This Btotement should not bo
consider2d s final ‘because ofﬁthe-small_amount;ofgdatavupongwhich
to bugse a conclusion, The fact that”tHis-exponant:ﬁfuR-agrBBS'with
the exponent of R‘in‘Hnnning'sfformula*auggastnd‘thnt "n" be come
nuted for unipapm flow~in-staopunhutea;"the_loss-of head per -unit
length of flow ig expressed by 8in @, where @ is ithe enrile of ine’
clinetion of the bottom with rospect ‘to the horizontal, Thus Han-
niﬁﬁ's‘formuln;for;steep slopos becomes ST

Vom 1806 32/3(5:0 g)1/2 : L E)
Computing ™" uging aguations (1), CEJ.fand'(S),wé'find‘

n = 0,012C (9 .=10° » 12v) .
M =.0.0164 (6 = 33° . 301)

" This would indicate thet the valuo .of My increasec with the slope
But this conelucior is not lojicel sinee the value of "n" 4g pga
sumed o depegid upon the roughness of the channel, The value aof
"n" for tha 100 1o1 slope is wint night be expacted but the. "n" fop
359 10" slopn ig high for the type of meterial in the shannel,
Fenee, wo noy noswse thati inuning's foarmula 1s not eorroct for .
Steep chutes,  ilepe egain zore deta should te considored hafore
FRELAY £ opositive staterent, ' ' -

5. Adr contont o Tlow in ehutos. Ehronversor also
gevilopod forins for determiinin: thnr, wrbter portion, p, in a
uris volum. 0! whilt: wetur,  Thnge ppes o




~0,05 w0y -

\ V.42 & - (sini@) o sor uin @ 704416
and =05 '-a‘c.'z‘

" 2200 - (sin @) . for" win’ a’b@.ws

Tiose formules are based on. teata made on” fivs diffareut alopes :
rencine fron & = 82 499 to @ = 370 1g¢ ‘ang hydraulic radii range:
i"'r Prom 04040 to 04116 feete Trom the formulas it appears “thet -

ith wrual +oll roughness, the slope ig the must important‘ractor
nnd the Aydreoulie redius, and honoe tho depth, ere only miner '
¥notora, » conpnricon of tho velesities snd air sontent observe’
s in tho ¥4 itites wastewny nnd\qarrabnctdiug ‘yrlues nalnulatnd
Ly Bharcobargor'e -foraules are givor dn Table s.hwﬂlthough £ho obe
g.rved nnd chloul‘uxd.vnluhu,r;ruﬂ ton curbuin axbont, thwro is.-
»10% oosensic<tomtoroletionsliipe  Howowviar, wwhon. thio dste are ccmsidf
rid eellroriwly for ceeh slope, thire 4s hottor rgreanonte  Thoo
ien odr coank. ot for uncr glop: of the kit tiAns vangtowny rad thr”
dets from toble 4w wlottad on lnr's)ri'tumic paRT (i‘igu*L. 3)e

N ?illrl linws mevy bo drnwn throu; h 4-h.m.. poivtﬁ. The cgun- -

Ciovs of thew. Idrns.cru & o, o ) SRR

Doonr

o = 0581 2in
A o 0062 Gin
vhere . i3 the valume of -entrained. qir in a witt volune oP aeru-:
ted water. Ihe nuabers -annearing in thn flgurs uonrespond to ‘the
nmuzhers given the datn dv teble 4, Too linas werc drawn‘bacause~tha
zoints reprosonting dats from the JOdCl chutes did not appoar ‘o
b cloaolv ansociatod witnl“ho.. from ﬁrototypc strusturcs. . The
una.r llnu aey 2o8ndd to rows sent veluss from protobtype tosks,
wxennt for the flaticr 'slopas whore che points erc badly sosttored.
25. (enerrl discuseion of chute date.  The. flow of

vater in open channeis with high rradients i= o moot subjeeL.
Diffienlties encountered in asecurins deta from such oonditions of
flow cause the results to be aub1oct to sonwiderslle warintion,
Lack of suitablo equzpmer+ and .atructures of ‘sufficient .size have
retarded progruss townrd an undorstanding ‘of tne conditions pre-
veiling, Conoorted ‘soarch of literature supplumwnted by ﬁ.uiu
rensureronts shew thet water flowing at hizh wvoloeity in an .opan
cheom.l dovd entrain eir and the voloeitius are lowor then provious-
ly computod or cusuwied. This gtetonont of couran applivs only to .
tie . of structurus studi-d., To waet extont the conditions
mr b oxbpanalebod oun only be doturmined by furtl.r resverch.

vha cxpericonts on the Fittites wastowny, the indie tionz vor.

LYol
ivin o eomditions, rotormtnel veloelty oxiustod. )
2o quontlen but thet o viry lorcg. nnmount of

o dald

itk o Plovof 1,007 sucoud=fcit on on slopc.
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‘RELATION OF AIR CONTENT IN FLOW TO SLOPE OF CHUTE




i Tatle & C f‘fj"é
“Comparison of Observed Velocity : ;
" ‘And Air Content with Those = .. _\1? - “‘msf‘ § ?;
Caloulated by Ehrenberper's formulas ;
SLOPE 10° < 12+ -
Sin @ = 0,177 :
Discharge Obgerved Observed Celoulnted Observed Caloulntod
Socond- Mean Mean Velocity e Air Content
feat dydraulic Volocity  ft./sec.  Air content Forcent. -~ BB
Rediue £'t./sec.  FPercent - o e
L. ) - ‘ o ) ’ ;‘ kT,Z :- g
89 ‘Oedd 34a7 3560 M4
193 . 0,69 37.9 21.3 L2,.9 . i
362 C.95 53.3 310 d1.0 -
401 Q0+87 - 4%.4 1845 BT P8 FEE
587 le26 - 5847 2740 Rl
719 1.38 80,7 CRTL0T T 3R
?77 ,1.‘15 i 63.7 :103 -',‘ ' ) ‘,‘.‘:).3 L ' ¥ i
az22 1.55 66.0 29,5 ;4{0' ‘ O
1005 ‘ l1.62° 69,0 82, Thie !
- 8LOPE 23° - 10° : - T R
Sir @ = 0,547 ‘ L - i
‘ o | g
Discharge ~Observed Observed Calculatcd  Observed Caleulated . -~ B
Sceond- Loen Velocity Velocity ioan © Alr Centimt -k
fuet iiydraulic ft./sec. ft./sce.  Air Content Purcont , .
fedius (+0an) ~ Pereent : . o
193 0090 62.6 72.2 58,0 b2 :
362 1,17 70.0 82.6 6840 53, e
401 1.12 7549 80.8 56,0 53, e
491 1,30 77.4 87638 0%.8 g e
587 1.37 82.0 " 889.8 557 54 ;
718 1.43 £7.1 01,7 52,7 5l i
M7 1.51 96.6 94.4 5€.0 fd e
: Sz 1.61 89,1 97.4 50.8 5 :
1006 1,71 29.0 10047 5340 4 i
s B

Rl = EE A )




P 209 321, a mexinum mean velocity of G5 feet por mes:nd ‘wud an
T mitr sonbant of 32 poreent by volume was found, 1In s wimilar mane
~ ner,.oon a-slope of 33° 10° with a flow.of 922 seooad-fast, n maxi~
‘i nesn valooity of ‘89 fest per second end an alr ocontent of bi
- percent was detemined. Indicetions were ‘that stableo Tlow von-
‘ditions ‘hed been .romched in vech .omsa. . The velocity ‘inoreaasd
writh the two-thirds powsr of the hydraulioc redius for ‘values of -
R ‘botweon 0.5 :and 1.7 foot. For e given discharge with oconstant
Dlow senditions (R ‘constent) the weloclty varied for tho two .
-8lopes ‘testad ns : . : coT
04277
V=X ain ¢

wharo ‘@ is the ‘anglo of inolinatien of the .channel ‘bottom with tho .
' horisontal, :and K 45 .a conatant. Compering “this with oarliar L S B
porimonts, it soems ‘that the oxponont .of sin 9 may 'denroass as tho
hydredlic redius inoresses. Thas air von ent in -a At volume of. ‘
water-air mixture appeared to be depenient on the - slope .of thnohm::- o
nel, hence hydranlic radius and veloalty being only :minor Tactors.. -
The relation -aas -determined from the two ‘slopas 48 .7 ST
- B 0.6 o
ol = 0.8 gin 8 D

'Ihis relation, of courss, is tentative sinos the .deta from the
- 339 100 slope m&y have been influenced by the ‘faot that the paotien . .

“was preceded by ‘the flatter slope. O

- 28, ‘Mschenloa of ajr~water mixinm . ‘,.Tha:mohaniuq i 2N

witloh the air ehiters The water 15 noL- ovm. Parsondl chscrvetions
- -and meisting dote point to ocertain factors that influenve the sir.

entraimment by the water: : ) ‘ Lo e R

' ‘Slope of the -ohannsl,
:Dopth of £iow, , S
Veloeity of the fiow, e e
Atea of ‘the water surfsce in contaot with the air
Viidth of the channel, R
FPrazasure in the flow.’

Roup;hnass -of the sides and ‘bottom ‘;‘_nf the. qhmmal. a

Turbulsnece in the Llow, :regandléaa of the i‘antara 'thai, te dhis
ecndition, is without doudbt, .of prime Aimpsrinnse An aiving apd

-Fateining the eir in the flew, Tt mey be thad a solwtion to the.
-entire problem may best be obbained from a betier ‘\mdgrstanding
‘of the mechanios of alir-water mixtues. Thsoretieal eongideratien .-

- has ‘been given to the dzvelomment of & means of determining the
torminal velocity for ‘eooelerating flow. This work is in progress
and definite eonalusions have not been ‘. Prasticclly wil of
the date colleoted to date . #ppli} E '

Only .enie instunce omn be fornd where tho ‘veiooity haa
at the toc of an ovorfell dam; those on Maddon Dam. ‘Ko watoy

" surface momsurcmonta peo available, :hanoe the air gontont of the
Jot -onnnot be ssloulated. To Wwhet- extont the laws of flow in -
¢hutos applivs to the Plow on tho faee of 2 dem have not es yut deoen

.




de terminod, prinecliprlly beeause of insufficiont dntn. Ovservation
of photograghs tnken np numerous overfall “ans suem to indicate
that the leks overflowing structures of this typo do not aaittuln
eir In tho quantities obaerved ininarrower ohannels, This nay

be bueause there is not sufflciouﬁ*lgugth of faoo ‘on the dam to-
#atablish eonztant flow conditiens. TH.may nlaso be duo to same
ralationahiy hotween dopth and width of the jot to the nir con-"
“ent, Tho entranse conditions may alun be an-important congldora-
Lion. Roughness of the chaunsl nust not be overlooked as a prime
netnr contributing to retardation of the flow. For instence an ox-
tromc oxample is a casoade in e mountein stream, Here .nizmbile
quentiting of flow lave bean obgerved to travel down a ‘boulder-
strewn bed on a slope of near 45° without attaining any preat
veleeity aven mftar flowing some distnnee. A<tarminal“vdlocity
apparently has baen reached in thie instarce and the ochannol bed
is the governing factor. Vigual observations of water falls ‘
‘Ssupplementad by slow-motion pictures show that thg Jet disinte-
LErates rapidly aftor leaving the brink and assumes a very white,
“turbulent appearance, . dore, of course, the {low is complotely
surroundod by atmsssheric pressure, The only forece holding the
let topether is surfaco tonsion :and in the cage of large jets
reconranied by a high degreo of turbulenso this foree ie rola-
tivoly small, Cnnsoquuntly'tthproaaura in the flow is probebly
very elose to atmosphorie and therae is norely an interchango of
rosition of particles of water and air. Whothor or not a terminal -
voloeity oxists somewhore bolow the brink has not boon dotorminod
but it ig reasonable to.assume that it dooa. Tho intornnl preg
Sure nay have some bearing upon the air mixture in high velocity
flow in steep channels particularly where the flow traverses a
voriieal curve,

Appliocation of data to Shasta apillway, 1In ‘the case
of the spillwny for Shasis Dam present™ conjectures aro that at the
maximum discharge the Jjet may be of auoh proportions that the en-
trainment of nir with its consequent effect on :the depth and veloo-
ity of flow nay not be of major importance., However, at some lowor
discharze, the conditions ney be conducive to entrainment of air
iz large quantities, If the resultg of the experiments on Kittitas
wastewny nny be considered to be applioable to the conditionm\that“ L
will preveil in ShaataigpiISw%y, the air content, as ocalculated fyom
the fomula &g =0.0] sin 8%, will be 70 percent of the flow by '
volume, considering of course that tie spillway is of sufficient
longth for uniform flow;conditions-td_ba‘astablished. This may or
mayr noxlg the omse. The velocitieq,znssonlculnted fron the formula
V =81 R%/3 (5ip q)0.266 doduced from the seme experinante, will be:.




Vélbcifznr o
- Jeet/secs
48
76
- 120
LTS iy

f‘Again,, it is-emphesized that these velosities will provail only if
uiform flow conditions are oestablinhed on the fnos of the spillway .

and that data {raimarrow ohsnnsls may be extrapolated to inolude.
overfell deme, : ' .

28, Conclusions. ‘Only the most -eignifiosnt results have
baen noted, Adequete oxplanation and ‘i‘bmul'a:tion must awelt Pursher
investipgation and enalysis.. A:great deal .of further work must be
dong ‘before the problem can he expla‘ined_'qumtitat‘ively gnd in par-
“‘tlouler ‘a study of the durfece of {low oxposed to the air should bs
mado by means of an ultra~spead motion ‘ploturs camore in order to
‘bettor understand the mechanics of the eir-water mixin; process. A

--satisfaotory means of ‘measuring ‘high velocities in flew has ‘been
.doveloped -which ahould .assist in additional study of the problem. -
‘With gome ohanges in equizment -and teolmiqus and a closer ealibraw--"
tion .of the method, 4t should be ‘possible-to determine the maximum
and average velcsities . '

not eptirely corract but .should poasibly in-
clude the side of the~ perimeter that saparates the water and st~
nosphere. The relationship between the component purts of the -
formulas might :be :showm by -mome means other than . : '
ticna, lNo definite stetoments can be made at the present time Lo~
cause of -the difficulty of establishing arguments for such, bk :
the problcm.should-be:recognitod.ﬁo,axistvapd'not.be ovorlooked. in
tho design of -structures. It;ia.hopudgthat&interost may ‘be stimu-
lated ‘in tho ‘engincering profession to tho extont that additiondl
data and enalyses may be added to the small store now aveilable.
Some means of studying ‘the problem of‘aalfinbtﬁtion;of¢flowing»?
water js being sourht in the laborntory. ‘To'dete, the aerated
Tlow cloaely rosembling‘obaenvﬁtions:made‘in;prototype_stnuctur?a
has been rroduced Sy artiﬂicially.roughening the chanmel. This.
mems of producing such flow greatly rotards the velocity and
‘no .correetion for this factor has been dotormined, Laboratory
wvorlk is also being done by Dr, L. G. Straub of the University of
Minnesota and data from those .studios will bhe available through
8 cuoporative exchange of data sponsored by the Speeinl Conmithiee on
Hydraulic Hosenrch of the hArierioan Socioty of Clvil Enginoors.

2a¢




25, ' Aoknowled-camnke. . -All experimental work and the.

rronaration of ‘this mﬂhornndum uns under tho direct suservision of
Je E.° Jarnoat.  The:yelocity vezsuring equlpnent way davelopod thrsufh
the eonlinad efiorts of dJ. . ‘.nrnoc}‘;, Be e Wilsey, -and ., . '
Thomab.  Valunlle sur;estionc in additinon to the lesn cf the oscillo-
rrarih were made by R. E. Glover .of the tachnical section. 'B. T.
TTilsoy aggisted in thh“condunt of the tests on the nittites weste~
wer end in tac annlysisof the rosults, He.also -sdded materially
Zo an undorstending of the subicet by fraus lating ‘the rclovany
nrticlas from fareirn litoraturo. The ‘wluotrodus woro instellod in
the Iittitas wastowey undor the direction of J. 3, Noora, ‘Supor-
intomdent, Yakine projset. The cuwrrontenoctor monnurr.onts for the
tests were made by I's A, Jorne, Yydrographer, Yakima project. ‘Ef-
llcisant control’ ofr the flow, ns well -us other nusistance very valu~
able to the success of the fie;d “oahurauents, “WOG accumpl;ahedfbj
Ve "l Ruzsell, nanager, and il. T, “Thite, vmtorsmester, both of Kitti-
tas Reclomation District. J. C. Stevens, consulting engineer, :
Portlnnd Orezon, ‘visited the laboratory while the valocity-measur~

ing uqulpnent was being develeped -and spent .somc time on thu ground
uh11v the ficld testsivoro being :sonducted, On those occasions, hs
offorod valuable Suso ontiona q“d advice. ., F. Durand hac sugrostod
A mathinnticel nid o be used in-golvin, for a turminnl veloeity in
neezlaroted flow. o R S ‘
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