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I INTRODUCTI ON

The. Bculdar fDam a'brucbure | ned -
designs for aurpa.ased any gimiler ‘struch ‘oometricted in the pa.at. ,
In 50 far as it was possible 1beffore pro qding to, the:final: designs, .
carsful investigation wad meds’ ‘as-to the velidity 10 exist -
formules. Hydraulic formiles an shavior we
question, ‘since, as is Well hotm, th .j:fonm.tla 1
ioal. Early hydranlio:- model. tests «of" +the side-oha.nnel.{ spillway )
described in Books 1l #o0:3 of: "Hydraulmc Model I!xperimenta for. the
Design of the Boulder: Dam" hav:r.ng, ‘given results of great value :
design purposss, it was xdeclded to test by model. other fea:l:ure
Th,.s report deacr:.bas 'bhe ,hydrmtlio tests i‘or the )

(1) Tne junc-l:lon betwean the'}'ls-i‘oot penstoaks and the 30—f‘oot
penstook }ﬂeader. ‘ PR : . ‘ N

- (2) The hyc‘.ruu“.f.ic Josses and <pressure co
‘teke towers, R

-m.du from the vahdn:t:.dn of 'bhe '_.i‘eatures of 'bhe hydrauliu-
desigr, thsue '-es"bs £aye -information . wh:tch. oould have 'been sobta
in no othcr way concerning. the i‘orma:bion} o di ‘
‘preasureac onl ‘1ydrnul:Lo loases. , They made poss:Lble ':.fmater:.
Provemont of the flow conditions in the: :B0-fo0k conorete-hned tun
- mel bolaow the ‘tunneél-plug outlets, “the- elmma‘cion of - nece,ssar )
ing and detail,  and +the’ i‘ormula.td.on of an’ ,operat:mg “program.£ o
~ ferant comb*nationa of’ ow“ f,r'om the ou'l:’.l.et works and th'

This raport was compiled as,;,a‘ de‘so_r:.ption of 'bhe
tory procedure :ond .as ’ ,;malysis of -th ”'resul-bs procure

' 4ion and relat:.onshn.p 'of‘} the .structures’ fbu'died are -shown

The design date from which these models ‘were’ oons‘c:*u__oted were
tained from the design: offioes of ‘the U S Bureau f:Re
.. Denver, Colorado. g e s L
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11. THE LABORATORY AND GENERAL EQUIPMENT ...

With the exception of the tests .on the 20model “of the ..
tunnel-plug outlet made iin‘the Montrose ‘Ieboretory, &ll “the studies
deseribed in ‘this :report-were ‘e Ohducted":':!,ri'-‘;thé'_‘.!hy_-ﬁnauvl‘io; Leboratory
of the Colorado dgrioulturnl Experiment :Stetion wat Fort Colling, - _
Colorado., A general ‘Layout iis shown ion plete ‘T and ‘Pigure ‘2o . Water
for the experiments was :supplied j=ﬂ'r-qm;;'éf‘;rz:e‘_s}9.;rvo‘ir*-uwijtk:h;;a;‘:‘o‘apo.b‘;i.fty:f; E
of 3(,000 oubic feet, Loosted on he 'hill i jacent ‘to‘the laboratory,
The f'jp.l ow from the regervoir, ;._coﬁt—ro].‘lfa'df}by::;;‘:i:‘”h'_nge:.{;l'iz-,-’;lnch.lhgnﬁéopgrp;t of
gates, passed through ‘a diverging flume ' nto "a""rﬁbn,d;*.slta‘.~=wa‘-ir-{a_dh'q;x,_x1me FARIRE
191 feat long, 10 feet wvAde, ‘and 7% foet ‘deep. A ‘bypass gote onda
4-inch bypass velve were looated in ‘one -gide’ of the wair .channgl, 13-
feet upstream from the weir, . 'Smell «adjustments iof “the’ digoharge |
passing -over the weir ‘were ‘mode by ‘varying the flow “through ‘these ' )
bypacses. The head on'the weir 'was mensured by ‘a hook gaege end & -

‘Cornell=type .float ‘g‘n‘ggfl ?1‘0;:9.1\73;1“!;111'r.a;‘;S‘c?i‘lilj]:;‘iv'_j.*gg-f;v}éflﬁl'*911:";;101195'-'iby:f-z-l '  .}7'?‘ '

lrrans, m. Soc. G, ey pa13B4, wol, 83, 1920, - T e g

inches and :connected to ‘the weir channel iby three’3/4~inok pipes, =
The weir channel and meesuring ‘weir are ‘411lustrated on plate T=C, " "

The bypass weir ‘is on :the %eft side of ‘the ‘channel in the photograph .
and the gage woll is :on the right, “During’ the ‘experiments two weir
plates were used, o 90-degree Venotoh weir ‘for.discharges up to two

seoond-feet, and 2 two-foot :Cipolletti weir Lor, flows of two to -
eight seoond-fest, Both weirs were oalibrated in ‘the setbing shovm,
by the Irrigation Division -of ‘the U, S, _'Delpa;rtmén:b‘_.of‘.-‘:‘A_gx_'_i'du;l.‘;ture;,".
and were ohecked by the lahoratory sbtaff of ‘bhe Ue 8, Bureauof '
Reclomation .prior 'l:o'a'l;he_,‘myb_dail-‘-.‘t,a'sting'.,‘_,.r T

The equipment sthus far described :was::oomnon toell the =
experimental work porformed, Prom this ;point, the -equipment ivayied
for each model. When ‘gperating either “the wisual penstogk junction
model, the intake -tower model, or ‘the penstock .assembly. - model (figa. -

2)s the 28=inch diverter gates were closed o .divert the water into - ..

2 flume on the laboratory floor whioh served -as @ reservoir .as well
as ‘e ‘channel, “In this] ‘adjustable baffles. weore installed to elimin~
nate undesirable .oross-gurrents produced by. the ‘bend ‘at ‘the head of
the channel, 4 tank 10} faet by ,CLO%-:i'_qe;t:fiby,';1_2.-:’f_éjeﬁ"-;{d.eep.gatf's‘.l‘-he
downetream end -of ‘this channel 'served :a8 o forebay fior the group
of models just mentioned.  When operating the -quantitative ipenstook
Jurotion model, .one diverter .gate was -opened ‘and the water from-the -

reasuring weir was allowed to flow straight shead dhrough a .chennel
beneath the floor of the ‘laboratory into the forebay of this model. -

N
o
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A one=ingh rrmnd rod extandlng from ‘L'he ceillng of the
laboratory to the floor ‘of 'bhe Jaberators ' ]
central location ag g mount:.ng ‘for ‘| zore, y.head gage. By maans
of & pin and olamp, a- ‘hook ;gage “with range “of! two ifect oo_
mounted ‘on ‘the .rod :at ‘any hol: o :
operated was held ‘in ;position on “the ‘rod by
could be ‘aommeoted hydraulically by '8 /4 ! -3
forebay of ‘any.model, The forabay heads,'-mha.oh var:.ed cver a mde
range, were . obtalned 1n th:.s mmmer, e R o




o III:‘.-stcmiT-IbN foF?

‘Panstock‘stu ioa

Total disohargm seoond-i‘ee'b. Ll e

Disoharge through: “branch, =saoond-£‘ea'b. G L e
Discharge :in: main ipipe-below . Junction, second—fea’c. RS
Aroa of ‘main pipe -gbove’ junctlon., squm-e f‘eot. R
Arog of ‘brench, square feet, " : G
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_-S = Friction loss por Poot. of stra:.ght plpe i‘eat of wat
W (x-7) = Iu.pe frietion. doss ,frqm e ko ‘
i (6.36) =
-‘Jb = Junctmn doss d@n main p:u.po, foot.
Jg = Junctlon loss in branoh ~Teot,
- J
Vefeg BN
V. :;
,.R T .Roynolds.‘"«:numhor,.'}' o
2 R
e Froudo s numbor. R
gD

ii hoon

‘- Jupr:f;ion loas ~ooofficion 3

¥
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Absolute vlscos:Lty ,,} O.ITZ = 0

‘whore T is tho tcx}zporaturo in dograos Palu'onhei’c

: Qs | soc.'a
‘Density of vm‘bor o:b T dogroos Fﬂhronhe:rb, —
‘ l"‘:.‘:-'f":.t:'.-:v ‘ -.j: ‘:,; "

&rarage volooity ,ma;-o

&;g—ﬁ— = .Coofficiont of velocity where V= %— = moan volocity.




= Truo voloaity 'hoad w‘horo R

.,/:m

= D:.I'ference ::n elevation be‘b'ween the reservoir surface‘” and
reading -of any :one-.of” the Tive. pmzametar r:mgs Ay B, G
and E looated below the tower mcdel) s -
D:L;f‘ferenca in feleva:blon betweén' the wa:ber ,suri‘ace ou‘ts:Ldel
inside the tower (prototype) S -
Totdl loss 'bhrough 'tower, Test . of e
‘Entrance loss ‘thriough upper gaua.‘::ﬂa'e :
= Entrencoloss. <through J.ower gete, Lot of water, '
dversge: head ‘required: .Lns:.de tower ‘bo oha.ng,e diractn.on ol
at upper gato (modol). ERRR T
= dverago head required’ m"
ot 1o~.rmr ga‘be (model)

Plpo i‘r:.ction :E'rom
ga‘cp (model)

e




While a.na.lvzmg :?b:hg'ﬂ'idés_irgiﬁ;oi“_:?‘f_l;'he ,‘fv‘_"o‘qt‘ _]ﬂqfa:ders ~bu
bine penstooks, and soutlet: works, it was realized ,i‘thg.‘j‘!;j;t_};e'; 3
between the 50-;-fo‘q'l;?".j{h'e_avd__é:c_'-":_glﬁx‘cl‘f‘ the ! i ]

oresse the offeotive hésd on the turbines

of head below the turbmepenstockswouldreducethedlsohargeoapac-
ity of the out_lle.'b'.:-zia'edl‘e‘r?;"v;alv___‘_e:s‘ ‘end " any ‘unnecessary loss of head be-
the reservoir and ~the.turbine. penstooks will be reflected. i

She powsr output at ‘sugh time in ths future’ ms. thetotel output, 6
the power plant has been -gbsorbed by the market, -

us bends incorporated ‘in the désign’ of the- s practi,
cally the only possibility of decreasing the ad -loss:would:be t

improve the effioiency ‘of ‘the junotions g a.ndtur- .

bine penstocks, ‘Tt ‘was for this purpos at & seriss of '_g‘:xiée:ﬁsivg il
tests both quelitative. and guantitative were made-on models: ‘
of these junctions. Lo N i :

A5 apralim:.naryandquall‘t&tiv ! w'"'mb'de_l-'r,e'pr_es"an‘t

ing the junction }be.ﬁﬁéﬁﬁ:‘thé"750?5'1"051?‘”‘31?15.'91'[ rizona’ hoeder .and the
13=-f00t penstodic leeding 4o turb : g ) wag built of -trans.
parent pyrelin for “cbservation. . . Thi : ' 1" was

- as it was possible to have at thi's: 8 yide

ranging from 100 peroent of the t otal through the mai onstock: ¢
no flow through the bta:’;dhI‘fbb:jﬁ;;L'=QO:.='pé'frvde_n*pfi";.thro "_e\-’?{?b."x_-{af'”h'chi’é.zl'i;"iii'o:
flow in the main ‘penstock below: the ‘junotion, actiual ratio. of.

pen r of operation downstream. With this juction
88 & major point of interest, it was desired to déqt;srmine‘-';f;ﬁ"s_g;al_ly L
the path of the “water..after it h d ‘entered the bra.nchfor vari.

combinations of flow in the system, cae

In the qualitetive or ‘visual ‘tests, it was desired to de--
termine the location of -eddies .and disturbances 4n the branch for
the varying ratios of the d ischarge in the branch to
in the main hesder,. Filler blo‘p‘k_s‘v_:',cif‘ir;d:fff':f_‘{e_i-.én"bf'_; iménsions were use
to alter ‘the’ physioal shape of ‘the ‘junction in ‘an effort o reduce -
the disturbences. and Henoe the . losses, sts made for this ‘pur
are grouped as follows: . "~ o e

9




e

(5) Tssts in whish the space Pied by the eddy in’th
was £illed by 9“36114?b4b¢kjwifhfthqéﬁntibipatiénhqrﬁrgg
draulio losses and ‘deoremsing the oonstraction soig:

8 construction ¢

- The quantitabivi tests were. made’on a model 6% th
Junction. This model -*,was_ff,qar;éfully‘i',:bhjilj of galvanized ir
the ac'l;i:al 8865 in:the o ‘ 18

direction, as shown: on"plate IT

3 inohes in diemeter ) were usad irte. angsebly ‘et ‘the ond; of L
branch to\bbtﬁin*vérious;dpmbingtiéﬁsﬂdf;diééhﬁfgéﬁatﬁtﬁ Junotion, . -
while small st;qpf_l'o?g's_ﬁ‘fsfe,frv_éd;"";'t‘.o;""‘i-"é‘g;ﬁf_l,git;e'ji-thfa flow at the'end of the

main pipe, A'pi»ez;bx{xeber‘:?,'w&s;_iins‘talléd‘ftwb._":'."nvc‘:'he‘s ‘up the branch from . .

the upstream end of'the:, conical nozzle for measuring the pres sure’’ ..

s Point (fig. 34)s  Tho total discharge was measured over the. -

laboratory weir,. the discharge . through’ th
the observed ‘piéz'omé'.be;i:; press '

lng & color s olution, ‘consisting ":'OT.‘::!f’-jdta?si“-,‘?l5,=:P6.'1"!I"1‘ﬁf11€'a.’?,"-’~1?§-€5
crystals dissclved in wate¢>ithfdﬁgﬁ.ailpnz;QOPPdr’tﬁbeﬁwhich?exiéﬁﬁzg
- ad through the Hogzle "and Anto the braneh, The'tubs. was moved ‘about
- in the branch according to th‘e_:diregtionﬂs‘of}-fa.r;{f_.ops‘e_rverf‘Wh-'#,':;‘rc’c“qrdedf_
the results With respect to the coordinate-)insy ‘on" the pipas. . The -
he water in.the branch was resdily: deteoted by ‘this method,
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F B. L ‘Resﬁ'its.fﬁ‘and:-Conolus’i’ons'?_?f"’ ‘

45 the water Flowed Prem the main pips into ‘the ‘branch, .
there was a zone of high velooity on ‘the right=Hand side (looking PRI
downstream on the branch, fir., .34) while on the left-hand-side-a- - - -

zone of relatively quiet-water foried which, for:leck of s better

term, shall be onlled .an "eddy zene"; since it wae £illed with eddy-
ing water, When the icblor was inserted in the stream of high velo- .
olty water it was dissipated quickly by being oarried down the'tube .. .
end out of the nozzle, while eny color i}dsl"értéﬁi:}ﬁn{'rtﬁé;;.‘i_a:d,‘dy_'ii_xg .zome . -
was mach more slowly dispersed. By moving the coloritube bnck and
forth the line of .demarcation botwsen: the. two. zénos ocould be defined,.

fn exeminetion of plete- ITI will:make the method: olear. - -

It was found thet an eddy zons of relatively quiet “water:
existed in the branch for ell ‘combinations.of: discharge;  although
the dimensions of the zone "dedraesed: as the. ratio of the-quantity in
the branch, Qg, to the ‘quantity in the main pipe’above the bransh,
Qp» increased. A study of ths'various: runs .plotted on figures 4 and
5 will show the limits of the eddying zones, ' The.ffa’tib‘%E_j»fwilljffiﬁ“.'}‘ -

the future be referred to as the "discharge ratio," e

It was thought that a lip protruding into the main ‘pipe
on the downstroam side of the branch entrance might reduce’ the loss -
of head through the branch pipe s -although it was expected %o crmuise
an increese in the:loss “in the main.pipe,  This’ P, as shown'on . .
figure 3B, was installed during tests:l ‘t0.3, .inelusive.  Eight'runs
wore made on the: three tests, and these are plotte fon figures 44 -
and 4B, The remaining tests on this model were ‘performed with fhe
1ip removed, and are plotted on Tigures 4C and ‘5, A summary of the
conditione under which each run wes/ made and the results obtained -
is shown on table I, . S S IS

‘On this table, ocmparisons have been made, where possitle,
between similar runs with and without the 1ip to determine its effect,
A oomparison‘of tests 2-3, 2-2, 3-3, 3-2, and ‘3-1, respentivaly. (made
with the 1lip in the main pipe ‘and .denoted* by letter A), with tests
4=3, 4-2, 5~3, 52, and 5-1, respeotively" (made “with the '1ip reméved .-
and identified by the same symbol), indicates that although there is
some difference in the losakion of the apex’ of -the -eddy zone for.
Tuns of similar discharge and similar discherge ratios » tHe variation
is slight and occurs in both directions: 'That feot would indicate - -
thet the 1ip in the main pipe made no meterial ‘difference. in the -
shape and volume of the' eddy zone, or in other words, the haad loss.
through the brench was not materially different for either condition,
4s it was diffieult bo accurately determine the limita of the ‘eddy -
zone, some variation was expected, o
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Tests 1-1 and 2-1 (with the 1ip) B8 compered to tests
4-9 andvseg,(withoutffhe,lip,nndgﬂenbted‘byTthgilétter.B)’seem;%OV L
indicate that the apex of the i ddy ‘zone moves. don y ‘branoh for’

- &n incresse in totalfdischargg'with‘the*samafdiﬁchargavrgtip;wlQn -
the other hend, -in tests 45, 56, and §~3 (with lip removed and .
designatad by the ‘letter () where the discharge ratio ig nearly con-'
stant, the,locamicn‘pf_the;apax?bepainQd,prappiballyj604§taht;aﬂﬁ'ﬂy‘
though the discharge fv’;é.rié‘d“?-‘fr‘dlﬁg‘1.‘20’;’&0‘;_;3;2.70*5“se'bjor1fdéi'ée:b,; Tests.. -

4-2 and 4-4 {1qentifieasbyﬁtheflsﬁter;p)f&gvegg;s1m11@f?iﬁdidq@ipn;°j

o Thai-’c Ondlué'i;én;__'tbf.b,e drawnf‘romthe few runs tha'l: ‘a.Ije:{' com- £
parable is that the location and: volv of.:the one: LI
ent of'the-tﬁtalvdisoharga“andfthat“the{dimensiqna.pf,thigﬁZQne;in;

the branch are depéndénf}bnlyiup@n'ﬁhﬁfdiéohaféé;ratio.V‘“
Consideration. was‘f:-giverij:_tb{'__the"f'p'oss"i_“t_‘\"il:i‘try‘j‘o_i’-,;i‘:i,‘-ll-ingf“' the -~
eddy nones with blocks of the same. shape’ as the zones. to eliminate’ _
the eddies present in this region and reduce the loss of head at the’
Junction, Tests were made tb_détérmiﬁégthe;properfshapdygffﬁhese :
blocks and the. results are plotted on the curves. on'figure 6.as mean
dimensions of the eddy ‘zone ratios mEAN
sion was obtained;by‘éyé;aging}ﬁh@ftoPEand}bSﬁtbm*édgé3bfchq zone,
For a givan'disgharge?hatiofﬁha?lbcatipnjbfjthéLapgx.méyjbé;dgtarff"

mined from figuregeggﬁghe;1béa£i¢ntof§$hg;ppint¢bt"ﬁﬁ§¢h*theﬁﬁe:fi;'L'
oal width of the zone equals one~half the “inside diameter of the

d. volume of ‘the ~eddy. zone 'is’ independ-

‘for.eny discharge retio. ' The mean dimens -

- branch from figure 6B, :.andi'bhe‘fappro;ciiﬁaté'fdi;men_Sidnsf,_ifOi;_, the. entire

z0ne can be obtained from figﬁre¢60;T@For,3xample,~tb€obtain'theg &
dimensions of a fill=f¢blo¢k?fbr[a3diﬁchérge ratio of! 0430; follow.
“up the wvertical linafmérked;O.SO'on‘figure,écfand-readEthehndimal‘Q .
distances out to the‘edga_bf!théﬁzoneifor;éabh”halfﬁ@iﬁﬁaﬁﬁrfﬁéﬁéu;edy
along the branoh, “Thesqfvalues,dépftﬁqtheﬁplotted'ohfaféiMIIéigsét .
of coordinates to those on the branch pipe, from which a filler block
mey be constructed, The -curves on figure 6 apply only for the case
where the ratiOvof;pipejdiameters]Ds Qadié‘o;433;"thgﬁ84gleg6f.tth
branch is 105 degrees, and the tdtai{énglbgbf'convergenceaoffthq{}?
cone is 13 degrees, - ..o u s T T

. Piller blocks designed‘aocdrding to‘figure,G-willibe sym-"
metrical, which is not always true of the eddy zone in the bramch,
The actual dimensions of two Tillerfblocks7fbr¢di3chafga'hatibﬁjof.
0,50 ‘and 0,25 were obtained?withfthedc61QrggﬁnfohﬂthefcehtérjlinéTgﬁ
and quarter points as well as ‘along the edges of 'the zone, - These .
are plotted on fipures 3C'and BE, respeotively, It oan be seen that
the irside faces of the zones are not symnetrical, Two wooden fil-
ler blocks were built according to these date and when installed in
the branch pipe produced satisfactory results, as studied by the aid
of color injeetions. Elevetions and sections of these two blocks
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are shown -as figures SD and SP‘ The two blocks were used later in
the .studies made :cn the. . quantltativa ‘model’ of the junctlonﬂof the
renstook w1th the headen. '

The Iorebay for*tha quant #atu nstoo -unotion model
“into which the’ water spilled after passing over: the measuring weir
was 6 Peot wide, 7 feet’ ﬂong, and: 845 ‘feet doep (flg.*z)',‘It servsd
es & stilling box, head regulator, -and supply Teservoir, | Aidouble-.
set of wooden ‘baffles vas usad to eliminete the: turbulenue _ The
same 5t1lling wellfund hook gabe was ‘used to measure’ the’ head in _
the forebay as in the visudl’ tests. The: 3/%-1nch rubber hose lead-ﬂﬁ
ing to the wsl] was connectad to the forebay»of tbls model R

The. penstock Junotlon invest;raxed on this model wes the“=
same -3 ‘used :in the.visual model'}‘The branch;f'nstead «of being in=:

c¢lined ‘downward as 1n'thefprototype WA i1 talledLhor1zonta11y on.
the model :and made en angle of 105« Y-85 downstrean diresti:
with the mmin p:pe.m Ihe-model goonstruc ed on &' scale of s :36; ,
is shown on figure 7. The test pisoes consisted of three-foot s6a- o

tions of smooth gauvanlzad sheet-ironfp1pe, aocurately«construotad
and joined with butt olnts. “Precantion was taken to'see. that all .’
nside seams -and JOlnts were: smoothfahd f:ee from* hurrs., Thee able,_*

on figure 7 is- 1ndlcat1ve of . the accuracy attalned 1n&oonstruot1ng'
the pipes, 'These figures are avernge vealues taken firom a number of
measurements ‘made with. an 1nside micrometer at' the- pomnts 1ndi ated
The maximm dev1at10n from the d981gned diemeter of 10 1nches or L
0.8333 foot was: 0,0018 foot -or 0,21 -percent;. and the ‘maximum: devln-:”
tion from the designed diameter of 4—1/3 inches or’ 043611 fooit umsl"“'
0,0009 foot .or (0,25 percent. The ‘inside of all test Pleces was. .
prainted with tro. -ooabs-of alumlnum paint before the*start of" the
tests. - Asection .of. ‘pipe is showm’ dAn detall on-figure. BA,

Tirst model con51sted of - approximately 13 feoet of, Q.Ss-anch plne
joined to a 46-foot - wsnction” of 10~inch’ plpe‘wlth g downstream hngle

of 105 degrees at a,polnt'ls feet from the- forehay entranoe._ ( o
graphs of the pipes .are shown on plate IV,  £s At-was impossible to“
talte pictures of the model" in place, photographs vere maae out of
doors belore 1nstallat¢on,r ’ SR

An overflow-box w1ﬁh slide ates in the nldBS Was loaated

at the downstream end of the main pipe to control the head at that
point, wh11e a 4~-inch gate valve was Located at the end of the branoh
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pipe to regulate the discharge through the branch,: 4 weir box, 4

feet wide, 6 Teet long, and 2 feet-dedp, equipped with stilling
baflles and a 6~inoh Cipolletti weir wes looated &t the end of the
branch to meamsure the disoharge at that point.  Agage well attached

to the outside of the weir box was connected by & 3/4~inoh rubber

hose %o o hole in the box 20 inches upstresm from the weir, ‘and a

hook gage was used¢in-thé;wbllﬁfb’maasurqgthéfheddﬁbh‘the{WEin; A8
this welr box differed from th standard form, it was necessary to .
calibrate the SfihdhﬂCipdlléttigweifVin?plﬂoé{ﬁkihis;wﬁs;ddneﬁby,Q:i;”'
completely -closing the downstream end of the main pipe with a blank
flenge and divsrting ‘all water through.the branch ‘end over the B=. -
inch Cipollotti weir, The calibration was made by comparison with

the 90-degree calibrated V-notoh messuring weir, ~The purpbse of

the matal.cone-ut-théfsﬁdeofftheybrathfbipé?Was?toixedoverfgﬁpéré”
tion of the'enérgy:Whidh;Wbﬁldﬁhhﬁe]beénilqstggt,the;ehd?bf_tﬁéﬂ{.f
pipe, und thus inorqasé'#hs'di§¢hq:géfthfpughfthg{b:apdh:f'~ S

Rings of pilezcmeters were plﬁbéd‘abfintérvalbgglanghthé

Pipes, as shown .on figuré]?JﬁfFourfpie#dmataﬁs3o§nstitutedﬁg;rng,{; .
and connectidhs'ﬁﬁréﬁhDuthdt;individnalgpiezomaﬁefﬁgaduld_ﬁoﬁpead‘5_.j
seperately., Each piezometer consisted of a ﬁ/iﬁiingh»outaiﬂeﬂdiamf;”

eter copper tube 2 inches-long with a1/8~inch'bore.  Tn'oconsprucs" -
tion, a l/hnindh,holafwaSQcarefﬁllylariLledginrthe pipe ‘at “tHo proper -
location, 4 eopper“thba;ﬁﬁsfthsnja¢¢ﬁrg£ely,placsdeverﬁtheihplg,_ﬂ; .
normal to the pipe, .and heavily soldered.in place,. “'The inside of .
the tube and hole was thén resamed tbffemoﬁémgny-irregularitiggiwhith’

might have develpped“dupidgjﬁhé{procazs;g‘EiEmeeteg:Qpeningggnéﬁeﬂ‘
of the sharp-oorner type -and care was taken to remove ell burrs and
to keep‘thevccrners~sharpfand‘flushgwitﬁ]the7iﬁside;9f the pipe .
(fige 8B), Where piezometers were installed on cones;, they were in
all cases set normal to the ‘surface. As it was desired to read. each
piezometer scparately, the connections were made &5 shown oxn figure
8C. Thres=sixteenths inch rubbver tubing was used’ for the shorter
sonnsotions, while each ring was: gspneoted tothe piezometer board
by & 3/4=inch gardenﬂhose;5”Thisfh2%angement]made-it;poséiblé;ﬁo**
use one glass reading-tube‘tolqacﬁﬁriﬁgjof'piezdméters;‘5Each5riﬂg
was equipped with three sorew olalips which could be alternated be~
twenn the four rubber tubes to segregate the piezomefer to be read,
In reading plezometers; all 4 piezameters were read simul-
taneously with all othersﬁplgépd;_Fln;rbtaiion;yall;B,¢C,;and¢Df;f
piezometers were resd in the same menner with the others closed,. .
This procedure was repeated four timps during a run) making a total
of 16 readings to a ring. Observations weres made as rapidly as the
board could be read, About forty mimites were required to make a -

oomplete set,
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The 6/@-1noh hose whluh axtendad from the rings to the ‘
piezometer reading board slopad upwurd toward tha'boﬂrd to faclli-;"ﬂ
tate the removial of entrapped ‘air, Befcre aaoh run, all piszometer
olamps were loosened, and a1l tubes’ leading ‘to the 4 piezometers
were disconnested to allow water to. f]cw_freelysthrough themy.. The.
3/4-inoh hoger were vibrated to drive'an1 antrapped gir “toward the -
reading board. Finaelly, the hoses wereuﬂlseonneutad ‘from’the glass
reading tubes to ellow water to flow freely through them, - This "
" routine for eliminating air raquired ‘Lrom Tifteen to twenty mlnutes ,
before ‘each run, but wes . necessary prooadure .83 all:the piezometers 
were located on & oentra13ﬁoard” aking ‘gome of th' hosasoonneotions o
30 feet long. ' A : 4

To mdentify tha exparimentaladata,'aaoh 1taration or’set—
up of the model was assigned E:) test,number and each run’ of ‘& test, e.
run mumber, In like manner, each picture was given a. picture number.‘
Thus, 10-Bf is 1ntarpreted 68 1est 10, ploture B of run 6. T B

jB. Pipe Frlct¢on Calabratmon (4 55-1nch Branoh)

The frlctlon losses ip the 4 3 -1nch and 10—1nch plpes
‘were determined by ncnnact ng . ‘the- ‘pipes to. the “bulkheagd - separutely :
and meking .calibretion runs: (tests - e.nd 2) In tsst 1, the branchj,gn; _
pipe was conneoted as shown on figure T w1th two extra joints of Rl
pipe on the upstreem end to give edditional langth ‘for. raduolng
irregulerities of flow: oaused ‘by ‘entrance cORdltanS-” .
entrance (figure 7) was v=ed -on ‘the upstream ‘end of the ;35-1neh N
pipe with a verticel" and o hcrlzontal fin’ extendlng fram the large:;f
end two-thirds of the distenoce up the 1ength .of ‘the;cone. to. prevent .
vortex astion, 4An elbow was .connected to: thesdqwnstream.end of the. -
Pipe in a verftical plane o keep the p;pe flow1ng full ‘at all’ tlmesuvf
and to Aincreass the pressure ‘in the p:pe 80 thet it oould be read
on the gage board, It -was necessary, in-the. case’ of smallar dis-
oharges, to further retard the flow by 1oosely bolting a blank flangev
onto the end of the elbow: to prooure a suffloient number.of run to
Plot a calibration ocurve, - In .other. cuses, additlonal vertical H c-iﬂ
tions of pipe were bolted to the elbcw. BRSO T o

Eloven’ runs were made on test l'with dlsoharges ranglng

from 0,55 to 1,70: seoond-feet. During arun; the two head: gages on .
the 9C~degree V-notch measuring weir:were read: simultanacusly with
the forebay hend gage at twoeminute 1ntervals.- ‘The tempersture -of.
the woter was rsoorded once during & run, 4 run was termlnated when
each piezometer on the model had been read four times, .as prev1ously
desoribed. The 18 readings from each piezometer ring wore averaged
and the respective computed mean velocity heads. added. “These
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values for eanch ring were then plotted with respeot to the lemgth =

of the pipe, A samplo shest showing the method for a few. runs is

shown on-figure 9, Due td.thggfact;thﬁt'tha‘aptrqqqegloaseeffeotf'&
extonds some 40 dismoters downstresam, the lines drewn through the

points have a slight.ourvature but would eventually terminate in . =~
straight lines were the pipe sufficiently long. - The ‘slops of these - -
Stralght lines representnthe friotion loss per foot of straight pipe.
48 the .pipe was not long .emough to ellow these lines -to completely  , -
straighten out, it was necessary to drew & tangent to each of the . .
ourves near its‘ﬁcwnstréamﬂextremity;=JTheés:tangentsfare*éhownﬁf,lg“

drawn on figure 9, “Theﬂslépé'bf;eachrreprﬁs;htpgihéQétraight-pipaTi' ,
friction per foot for*afpartioulatﬁdisghakgé“éﬁatWatBrftﬁmparﬁture}iu"ﬂ7

A congtant hes boen consistently subtracted ‘in some of the runs to o
congsolidate the data for}cdﬁpdrisbh755?thé;sloﬁesﬁbf?tﬁeelihss“aié;;fij“w;f
the major itam'offintargst;ﬂﬁThese[oonstdntsjih]nd;ﬂngéffébtfthébgffjf3{“
slope of tho lines, -~ - e e T e T

With the friction loss, discharge and temperatura known o
for each run, the frietion factor, £, in the‘farmula’hfu=‘§£§_l was .
‘ . ‘ o e e gD e
occmputed and plotted‘mdthzrpépéct,tofReynol@gﬁnumbgr,gnifigura-ng S
The friction fuctor_Wasfcbmputed,igsing?ﬁﬁgieqquiqg_f;_JE%SE;*whétq:<J_

5 is the friction slope (fig. 9) and L is unity. Tt hds been eus~ °
tomary in recent years to design conduits from curves of this type, -~
obtained from experimental results. -In using these curves it is.

only necessary to know the[;ungego£ Royn¢lds{pumbér£j@hatﬁwill[be{’ =
ercountered in the field and3bhertYﬁa_offpipa"tofbﬁqued.igthis?beﬁ..'
ing lnown, the factor, f, cen he ‘taken from a)curve similar to those

plotted on figure lo_fqr_a_pipq;hating qompg:ab1é;ppqghpa§$§; SR

2"The Flow of.Fluids in- Closed:Conduits", by R.J.8, Pigott, Hechanis
oal Engineering, August 1933, N I T T

As the tamperaturef%ﬁfiéd dbngideraﬁly‘fh%ﬁpghouti£hé'5€giés
of tests, each-run‘was‘oorre¢tad»to,thpibdsa1temp§patgrejofk@Oﬁdqgrecs
Fahrenheit by mesns of figuréjlla;i}Iha;temperatUre correction graph

was constructed by}ohoosing @,mMmbé;fof discharg9s;atf#gripggftempera.
tures for the 4433-inch .pipe and computing the Reynoldsinumbers for

¢ach, From figure 1C, the friction factors were obtained for the -
verious copditions and the.frictionfloss-perufqotfpf‘pipéTwHS"oom-7[

- puted, From this informaetion, figure 11A, which shows the variation
in the friction loss due.to temperature,was construoted, . ‘For example,
with a discharge of 1,8 second-foet, water temperaturs ef 70 degrees,
and & pipe friction of (42000 foot per foot of pipe, figure 1lA shows

thet this friction loss at a temperature of 60 degrees would be
02000 = 0,0037 = (0,2037 foot per foot of pipe, '
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Up to +this polnt, the thanh und 4, 35-1noh pipes havs been
considored as separata ‘ontities :and “the . 1nt!rest'has ‘been sololy in B
skin or straight -pipe friction 10858, In; d051gn1ng the . model,’ pzazo-

meters wore looated 'at regular inﬁervula Ain both'pipesrand piezomater
‘6 was .purpossly Yooated in. theiplane of -the . intersection jof “the -ganter
lines of the 4,33=inoh nnd 10=ingh: plpes. This 1nteraeotlon “hag been -
oonsidered ‘as the "theoretical: junction“ of the two pipea nnd”ffor
brev1ty, :shail ‘he referred to as the My Ll

To evaluute the lossas other than thosaLuhargeable~to; >
stroight pipe frioction, it -was necessary. ‘4o ‘isolate the frietion”
"losaes nbova and - below’ the . “junction 1n*the lO-lnohcplpe nnd’below

the Junotlon in +the 4 55-inch branch. SRRy

A set of curves. was plctted to reprevant,the frlbtion
logses fro* “the junotion: %o uny ‘piezometer iin ‘the “bre h pipe’ for
varlicus di iéharges, thase curvas ‘heing jbased .on @ “semperature .of
60 degrees Fahrenheit. yp1caJ eomputatluns showang the: method usad
in obtaining these curves -are included in -table 'Il. From “the oolumn
titled "Plotted Enorgy .at Juncmlon",'whloh 35 the walue takenifrmn
the curved line at this :point on flgure -9, “the oomputed energy»at
each piszometer was subtracted . separately. Thase values,. plus .or '
minus a temperature corractlnn, reprasent the frlotlcn 1oss: frcm .
the junotion to each plezometer ‘for: varlou:“dlsoharges at ‘8 tomparas"
ture of 60 degrees Fahrenhelt.‘ By. plottzn& ‘the valves 1n the ‘columns
marked "Drop to Junction'iwith raspent to- dlscharge,_ he ourvea on
fizure 11B were nbtalned.;. S R E S

At the completlon of the tosts on the 4 53—1nch plye whloh
novered e pericd of about .six: weeks, ‘a-set of oheck Tuns .wos ‘made - on
friction losses in the same plpe.v Thelresults ‘of.‘the . two. callbratlons
practically coineclde, -as is. evzdont”from tests ‘1 axn _on flgure 10
end the same tests on: flgure 1lB.’ ; o :

C, Plpe Frlctlon nallbratxon (lO-anh Plpe)

By a procedure almllar to that 1n test l,J the lQ—anh pipe
wes calibroted in test 2. ;This: callbratlon was- made - with the pﬂpe
in place and no change was necessary ‘in-the. assembly excapt that ‘a
straight section was used to. replace the ‘junotion .during ‘the aalibra~
tion test. Regulation of ‘the head in the forebay was- made by ol juste= -
ment of the slide gntes in the rcgulating box at The . downstream end
of the pipe (figh 7).’  Water was always allowed to spill over the
top of the bex to insure a aongtant head on the lower end of’ the ‘pipe.
The slide gates were used merely to dispose. .of tha .excess flow during
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the runs of higher dilcharge. ‘The eﬁtranee'ﬁojﬁhe mainfpiﬁe'eeﬁefl'"
sisted of a eircular collar. : o ‘ ,

The frlotlon slopee shown for a few disoharres”on flgure
12 were drewn to obtain the average frzetion loss per..{i oot in the
main pipo. Again tangents wore drawn to- the downstream end of the
curves and the slopes of these conezdered the . average frlctlon loss
per foot of pips. The- temperature correctlon cu'ves used in evalun-e
ating the results obtained on the 10~inch- pipe are; shown on. flgure
13, and the frlctlon losses as- meaeured upstream and downstream. from
piszometer 6 for various dlscharges at. B temperature of - 60 ‘degreos
Fehrenheit are shown on figure 14.  As in'the™ -case:of the 4 33~inch
pipe, plezometer 6 at the theoretlcal 1unction was‘used as @’ refer-'
once and the friction loss was measured upetream and dewnstrean L
from this point, The friction faetor, £, for the. 10-inch plperle
plotted on flgare 1O'w1th respect to Reynolds’number.uwv :

A set of check runs under teet EV was made on the'lo—lnoh
pipe Tour weeks after test 2 wos cempleted and ‘the- results checked :
the orzgznal set, Both sets of points are plotted on f1gures 10 and_

It is apparent frqm a study of flgure 10° that the 10-1nch
pipe shows a grester surface roughnesv than. the. 4, 33~1nch branch for
the seme value of Reynolds' mumber” even though both were. constructed:
in the same manner and of .the- same materlal Theoretlcally, one ..
would expeet the friotion factor, T, toibe" smaller in ‘the. 1argerq..‘:
pipes The explenation may lie in the fact. ‘that the 10-inch’ pipe: " .
haed a joint to every 3,5 dlmneters‘”whlle the 4 33~1nch plpe had a -’
joint to about every 7,0 dismeters,

D. Evaluatlon of Junetlon Losses

s

With the stralght pnpes callbrated theyzwere conneoted
together as shown on fipure 7 and: studies were;mq e to evaluato. the
loss of head in the junetion,:: Runs were: made - usxng total discharges
from 1,5 to 3,0 secondufeet.~ By adgustlng the 4-inch valve at. the
erd of the branch in relation to the slide gates in the head regu-.
lator box, it was possible to divers: pert of the total. dlsehargei,-

through the branch, For large dlscharge ratlos,‘%_ »: the total d;s;
wa’

charges were neoessarlly low, while for small dlscharge ratlos
practically any totel discharge could be used up to 8 seoond- feet.
During a run, readings were taken eimultaneovsly at two-minute inter=-
vals on the two head gages in the large Wweir box, the forebay head
gege, and the heed gege for the B=inch Cipolletti weir, During the
seme period of time, each piszometer on the pipe was read four times,
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For the purpose of fhese’éxperimante,'junpti§n logses are '
defined as follows: Theijunctibn;lossﬁShﬁll‘befkﬁaﬁshm;oﬂﬁtha'préa-‘
op: in :nominal ity 'i';ﬂlaAS?tha'frictiﬁn;
 ”nnd%dbwnst;bamﬁffmﬁfthétjupctibn_suffié{

ree from effeota caused by the Junction,:  In -

determining the'frictionflnss,4pipé'distnnces‘wsréﬁmeadﬁred}to;the 3
centor line of the intermeotion, The follo ing .equations: express . .
this definition (fig, 74), 0 i L T T e

Junotion loss &

e ) L e
By = ‘.‘EPJC + Ve J. * ))

Lo 2
Junction loss
‘ Ry
Je =:EP + Vg )
5 T7E T m—

Rather than chobse éfsihgiG"piébdﬁeﬁegjfromfﬁhiﬁhngoﬁ;_:
measure the prqasureAhead:qbbva‘thgﬁjundtion;[thqfayaragg»pf;piozo4j.

meters 2, 3, 4, and 5 wns]uSedfandﬂis;dehbtédias;ﬁi;4;The<lo¢atidnii¢;

of P, is approximatsly'Z;ijéet:oriﬂ;4ud§qmét§§&jQpﬂt

ream from .
piezometer G, TR

b
o

Although anergyllqséaﬁ détérmined.ihTadﬁbEdahééfwifh'thé.*";

ebove definition are‘subjeqt‘to an errorQin.the Qrddr ngO,QSjXE:‘dué 

to tho use of ihe nbminal“velocitflhaa&iinétaﬁd.offﬁhaffintegfatéd‘v7

over the seotion, and due *o the‘subtractionfof;fiipﬁi@hfloﬁéqgwio,.‘1
the center of the intersection, the dérinitibnESQGmsga;pradtiﬁgl_one,b’_
The error involved, howaver,,should;be-kept:inﬂmindfiqﬁinterpretingF'4

the rosulis,

i

The tests on thé‘ldsedégréé_junctiéh;ﬁéféﬁditidqgfiﬁfbjﬁﬁb'?
groups. Test 3 was a-normaljpipe_juhqtign;jwha:e,,gshin¢$gsts;4 to. .o
7, inclusive, the;physic&l”shapé‘pfgthé junction»wdﬁ;quified]byfvl}‘ﬁ

filler bloeks in accordance with the equier-visu§1§#§stsjihwgn‘atf'
tempt to improve the‘hydraulicfeffidienqy‘qffthisgjq_ition- e

Tﬁenty—six-runs‘wars,ﬁhdéfbne£§S£“3 ﬁifﬁqdiééﬂéfgéh:%hféﬁgh :

‘the branch ranging from @ to 100 percent "of the total, The test pro--

cedure was the seme as in the delibration runs except for reading the

.additional piezoneters and the small weir gage,. A computation sheet
fer one of the runs on test 3 is shown on table ITIL From the computed
energy at P, the energy at each Piezometer downstream frem the junc=
tion was subtraocted independentiy, This method_tends‘tq-aliminate
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plezometer diseropencies,  The differences 'in each:cnse: represont .
ripe friction plus junction losses. With the discharge known, the -
pipo friction for the mein pipe for a temperature of 60 degrees . -
wan obtained from the curves on figure 14 and the pipe friction for
tho bronoh was secured from figure 11B. ..The temperature corroction
curves on figures 114 and 13 wé?@'ﬁéedﬂto'dqrréqtithsfpipeffriction c
volues for temperamturs, - With the;c@rraqtsdfpipa;Trictibﬁ)@@btraﬁteﬁ,
the remaining loss is that which was charged to the. junction,  This '
is the proocedure followed on table IIT.Juncticn. losses.in the main
pipe were computéd:in;terms’quthd;?al@city_hehd"upstrégmffrpm the
Junotion, - Junction losses in the branch are-expressed in terms. of -
the volocity head upstresm from tho. junction and also in terms of
the veloeity head in the branch, & o . il T o
The rosults offthé'junb%ionfldhses'fdr7té3tﬁ3'éhargeablo

to the main pipe plotted with respect to the-discharge ratios aro. -
shown on figure 15,  On .figure 15B, the discharge ratio'is related
to the junction losses obtained from.cash of the individual down~ -
stream piezometers.‘rThe;separata,ﬁiqzbdé#érjéurvea:{fig;'15B) dre'

in clone agreement, with the exception of .piezometers 7 and 12,
vhich in most cases were disregarded when drawing average curves. ‘
due to their undesirable locations.. The curve for test 3 {(fig. 154)
wns obtained from the average of the. individual piezometor ourves -

on fimire 158,

o T gt L R BT R e L
N The everage results of the junction-losses chargeddle to. '
“vhe branch plotted with respect to the dischargn ratios. are shamn

on fipgure 18, On'figu%a'16A,ﬁthe*jun¢ﬁ16h 1bésqs‘éfé3in terms. of
the velocity hend in”the'branahiandzonffiguraﬁlsﬁgthgyig;eﬁinftérms:;
of the velocity hesad in(thewmainﬂpipeﬂupst;aamjfrémjthéfjuﬁbtion. Lo
The separnte_piazometérfcurvesfforfthd-bgdﬁch@j?}é?ih:gqbd&agrgement. 
In eomputing these junption 105@65;'thewétraighﬁ?ﬁipé.ffﬁctionm_‘_M‘ \
charged to the branch wes oomputad on'the assumption that the braneh -

pips extended in to tho center lino-of the main pipe,: The reason

for this assumption'becomes»upparent whaqjhhfattqmpt_ié}madé t6dqe§”

sign & junction in a.large pipe line from experimental deta,

For _gi = 0 (£1£.715), all the flow goes down the main pipe

and within the limits of experimental error no loss' is found caused
by the intersection of the branch in'the line although the diameter
of opening is more then Kalf that of the main pipe, The results
on figure 15 verify experiments made by Professor I, Thomad on small.

O'"Hydraulic Losses in Pipe Fittings" by Prof, D, Thoma. Transactions
of the Tokyo Jectional Meeting, VWorld Fower Conference, Tokyo, Octo~
ber 29 to November 7, 1929, This article has béen translated and in-
corporated in the U.S5,B.R. Tech, Momo, No, 325. For a more detailed
desoription of these experiments see "Losses in Oblique Angled Pipe
Branches" by Franz Peterman, Hittéilungen des Hydraulischkhn Instituts
der Technischen Hochschule Munchen Bulletin 1, P, 75 ff; and Bulletin
2y pe 61 FF, These artioles have been translated in the "Transac-

tiong of the Mupich Hydrsulio Institute" snd published by the Amerie
can Sooiety of echﬂngcnf Ingiresrs os Euf et?n Noo, 3, y
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brass pipe in the respeot that for’ discharge rntiosf

0,40, an apparant ain. of héad- ia recorded in‘the- mai pipe]down-
stream from the 7unct10n.r'This ‘gain . in head is partly due to the . .
manner in which the Loss. oeffiodents were ‘determined .and. partlyf”--
dus to ‘the ‘pressure Teaction fram thevwatar dlverbed'lnto the-hranch
It is, of caurse, not? : y :

It ig possi e;tolcompu,e unut:on‘loas;ohargeable to
the ‘branoh {fig, 164) within 'reasonnble “limits by ‘assuming that. the
entrance to.‘the branch ig 7an iore y'sharp-edged canicel "pipe en~
‘trance.: The average3t ; 68 thal lthe entranoe Loss fo L
& .oona :of this - ‘ang. i
8hould be in the

oonneot to o still reservo;r but to Wpipe in whioﬁ

tions of flow exist, thers - is an addlgional Aoas %o bé_addad to Ehuf Y

above which, for, the lcwer rntwos of M5, g wapprox:maﬁely‘o 4 Va
. - Bt

This wvolue is not a oonstant for,bll condltlona of flaw,‘bwt 1ta jﬁ;

preaenoa bacomes nsgligible as tha ratlo of g_ lncrenses. '

- O 15 2 e G 4. Va®
el -25 _‘-25‘-\‘:“

Expr6851ng tha entlre loss in tarms of the valooity hsad
in the branch, the prcoedure isg: as follows-- v T e :




By :sub stitu'l-ing var:.ous

ourve iz obtainad whieh ngreas close'ly ,w:Lth the'
fipure 164, .The value o:" :

_ .Although da.ta ara maagra :f‘or ‘the - purposa in’ m:.nd;fbhe i‘ol— :
lowing poiut :of interest is cited,  JIn the wisual Heste on the pyra-. _
lin medel, it wns steted that +the .wolume *of tthe; -eddy. 20no" in ‘the o =
branch se=mod tc bo ndependant oi’ 'bhe disoharge, \deuend'

the -disohm-vo rnt:Lo 'Q"'

. RELTNT u” v
has been plnttod tha varintlon'iln the loss ooefficlents for.differ-{
ent values of Rnynoldshnumher  ,The ouryes on . figure 174 show the .
Junetion, loesas in- tha hranohf 0 vary only w1th the dlsohnrge ratlo
'%E «and not with the total dischnrge or'Reynolds numbor.- hevcurves}
oft figure 17B show & - 81milar ‘indication Tor the Junctaon losaes in

the :points are ‘moro .seattered gue { ‘¢he~exaggerated
-soele of +the graph. ‘These results agree m1th Tkomafs work ‘and with
the visual tests in which the .addy . at the" Junotlon appaar:d to re-
main the .same size for a; given disaharge ratlo,-rogurd;ags'of,xhs .
total dlsohnrge. SR SERN B T R

 E. Raductlon‘of Jhnction Lasses~<f

An.effort was madeiln‘tests 4 to ! 1nclu31ve, tc reduce R
Junetion logses at- diuoharge~ratlos ‘of 0.25 And 10,50, T e
deflect:nb block was® installed- in the noin nwpo. An tests 4, ;
7, wooden filler blocks made tp ihe .sane sizc -and ghape ‘as the eddy ‘
zones encountersd in the' pxralln model - were ;nstalled in thaabranoh
Pipe immediately below- the Junotlon.. . PR o

For tnat the deflect;ng Dblock shown on flgura BE Wﬁo“
instelled ‘in the naln pipe, -as shown -on Tigure 8F,  The block was =
made to represent as neerly .as p0931b1q ‘tha . lip that axtended: ouﬁ,ﬁ-’L
into the mein pipe in the prelmmlnary tasts on the pyralin model.

The results from the six runs made on this test are plotted on -
figures 154, 164, end 16B, ‘This bloek procduoed no improvement in

2
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the junotion loss ooefficlants 1w elﬁher the branch or +he mn:n
Pipe nor did it geém to produoe nny detrimental effects for the
lower disohurga'ratlos : e

The £iller block shown jon figura BD was deaigned Trom tho
curvos on figure 6-for in’ ‘discharge ratio of 0, 25,. @nd~was_*nstalled
in tho branch pipe in the louution .shown ‘on - flgure BFfor S
The results plotted on figurau 154, ‘X84, ‘and” 168 Teveal that thlu
bloak fallad to reduce the: Junction loss coeffrcien s ‘
incroaued 1“ as cumpared wwth test 3 for all disoharge'ratnos.v-

Another attempt was. mads in *ast 8. to 1mpr e,oondltlons
at the junotion by. uslng 2 Tiller block for a' dlscharge ‘tzo of ~
0.25, Specinl cars WBE. exercised in cbtalnlng “the shape -of tbls ;‘jﬁ
block i3 the pyralin medsl, whioh is shown on" flfura SD
sults were wrcduoed by #his bJocu, wh;ch(was somawhat haller‘and
more accurate than- the one uaed in. tes+ 4, The . curvesmon flgure lG
actually shew a small Aimprovement ‘over teut 3 for. dlsoharga rotios

below 0,22, Due to the rastriction ap- area” thﬂt these bloeks offeréd;;T:E

in the branch, the Junetion lonsaS»chargeable to the brnnch would .
be expected to iner
they were designed,

In test 7, the fullar nlock’"hown on fiﬂura SD for Y dls—;_a,;
charge ratio of 0.50 was used, udhen onmpnred w:th-testgs on. fagureﬁg
15, Practically ne change in the june ion loss“coefflclent 5 .hotioew
eble up to g disoharge ‘ratio of " 04604~ In. £ ;‘\"" "Jshowufiﬂ
slight improvement in-the, cosfflciant when oomparad wzth tast B Lor't
discherge ratios of less than 0,60, ;ﬁbove “this ratlo, the’ Junotion L
losses incremse -in the branch‘whlle An-the.main pipe (rng' L6H),-
the losses show a. decreuse fo llscharge‘ratlos‘abo"a 0s 50 R

Summing the results of “the ahove,tests;hlt oan’ be sald thatr
n the majority of caseg the Tiller blocks actually did decreaso the.
Junntlon loss coofficients for dlschargo ratios under: thnt forrwﬁich _
they were designed, = Tt was of course expected that- the Junoflon losq;

would inorease for valuaes. greater than the d951gned r&tlo., The 1m~'f3y‘ ‘

provemont, contrary to expectations, was B0 small that +the boneflt -
derived from filler blooks of. thﬁs tgpq would hardly he wort“' tue exh R
pense of nnscnllatlon. It is suggested however, that for p@nsxccx
installations, where”the: discharge ratios Tor.the branohes will re=~
main practically constant and power head at the turblnea dsiat a
premium, filler blocks mey prove tec be of some value, These, howaver,
would not bo a prustigal instellation ‘at the Boulder: Dariiy Had the
filler blocks shown Promising ‘rosults they may name baen 1nco*“yratad
in the perstock d681gn. . N '

o
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F, Invaatlgatlon of “tntlo4Pressure at 105-D9grae Junotion gi‘

Tn the design of thin-wnlled pipea, the”mnxlmum und mini-
mum pressures developed ‘at ‘junoticnsare’; quiﬁs 1mportant. It .was
to doterrine more in-detail these,praasure sonditions that edditional
‘piozometric ocnnections were.installed in theumodéﬂ of.+he‘5unot10n.;“
Picaometer 13D and'piezometer rings . lé*and A5 were\plaoedk flgs.jj ‘
and 18) in the section «of “the ‘branch 1mmediately bernw“it' ;ntoraep-
tion with the main :pipe. " During +asﬁ 5,\these wore rea
eously with the other piezgmeuers.

avoraope pressure cnndmtlon ot plezomster rlng 6, measuredndurlnu pre-
vious runs xmthout “+the hranchjnnutalJed.‘ ‘The drop . in 'pressure’ “be-
tween each aleaometar and ploaometer ring 6 was«axprassed”in terms

of velocity honrd in ‘the redn; pipe upqtrenm from the’ Jundtlon dnco
order tc procduce dimensionlass guantities, . This ratigiof drop in
pressure head to velociby hoad is. p&otted [agal nst ;the-gigcharge |

ratic on figure 18, s it 5. POSulblﬂ in- desmgu to;determlne quite
accurntely the ‘pregsurc at: anj»po1nt in & Otraight™ plpe llne, ¥hich
is not true after m junction ‘is installed; the ;pressure. obtained :at

ring 8 (withcut the branoch conneoted)hwan used B tha raference prea—
sura in these experlments. f-. -‘g“v—; u,‘?: - Tt I

St
-

& slight 1ncraase 1n presaure wun round ak plezometars-‘
€A, 6B, and 6C {fi,. 18) due to +he .introduction of the - junction.
For discharge ratios up te 0,20, a decided inorease is. .shovm ot
piezometor 14B, but for higher ratios) ‘the pressure diminishes- rap--
idly. For the laower ratios, the zain. in: pressure ‘indicated by this:
plezometer was probably -caugad by 1mpaot ‘while.: Lor the 1arger raxlos,
the loss in pressure may be attributed t,fturbulence,and complloated

addy formations. \
. 2 4]

A5 an -aid in wis ualxz;ﬁ; the pLessure dASErlbutlons'in A
Jjunction of this tipe, dilagrams of :the actudl obgerved pressure ine
tensities of piozometor rings 14 and €5 Lor a few- runs‘on‘test 3
are showvn oa figure 19, The preasureq were rmedsured in feat of water -
above the center of the pipre ond are plottad_hoth vert:cally and hor-
izontally, using the intersection of the two axes as ‘the reference
_poiau. The circumferential pressure at piezomoter rlng 15 is quite
uniform in each case., The pressurcs reocorded at ring 14, however,
varied greatly with the discharge condltions. Con51derahle varia-
tion can be noted in the pressure dlstrlbutlon for the axtreme cases

= 0,151 and 1,00,
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G, Tests on B Right Angle Junction

As previously mantioned, experlments of & aimilar natura :
have been performed by Profiessor Dr, = Ing, Thoma and his; aaaociatss e
at Munioch, and translaotions of their work have’ ‘been used for refer- e
ence in design of pipe junotiona._ This was espeoially t} e omase in-
the aarly stagos of the designs ‘of the Bculder Dem’ penstroks.*
was some question as to the validity: ‘of upplying Thcma's dnta;to
suoh extremely large penstooka, partdcularly in view of the fact:
that his experimenta were performed on ralatively small brass nlpes .ﬁ 

- .‘x-L

4Losses in nght-Angle Pipe ‘Teez" by Gustav Vngel Dip. Engr.,',¥ L
Mittetlungen des Hydraulischen Instituts der Technisohen Hochsehule.-
Part 1 = 182€. ' This article hes baen translated and incorporated :
in U,S5.B.k. Taoh. Mamo, No, 299, © % - 0w o e

In an effort to make é definite check on Thema's experis
ments, two tests were made for the determnnation of junction: losses, .
using a 3.49-inch branch pipe connected to the 10-inch main pipe at -
an engle of 9C degress (fig. 2C)s 'In test 10, thﬁ Tranch was cqn-;Q
nected dlrectly to the main pipe, while in. test 11, ‘the branch’ was -
Jeined to the main pipe by a cone hav1ng 8 tatal central .angle. of
13 degrees and ‘a length equal to 2,1 D_, The ratios- of the diameters

Dg/Tp Of 0,35 * and the proportions: of ‘the cons. usad wera’ dlreotly
comparable vith two of Thomn's axparlmants. SEEEE : B

Before 1nvestmgat1ng the junction 1ossas, the:&.égninch =

brearoh, with an extra, sectlon of plps upstream, was oonnected to
‘The :procedure was: the ‘same as-

prevxously usad to calibrabe the i.o3-inch dbranch, . The: frlc*ion
factor curve for, f, from this calibration ‘is plottad wrth respect
to Reynclds' number as test 9 on figure 10, . This curve falls below
that for the 1C-inch pipe, Two months ‘lator o cheok callbratlon :
(test 92) was made on ‘ths.same pipe under ‘the same conditions and.
the pipe friction was found to have’ ‘inereasad con51derably.; It'was
later proven that this searmqd oalibration was in errer and it was, -
therefore, disregarded, Friection loss curves plotted agalnst dis-
charge for test S are shown on figure 214, These curves: repra:ent‘f
the pipe friction from piezometer ring 6X (fig. 204) to any piezo~
meter in the brench for varicus discharges at a temparature of 60
degrees Fahrerheit, The temperature correction ourves for the:3, 49~
inch branch which were used to convert the pipe friction losses to
a congtant temperature on figure 21A are shown on figure 21B. o

The oalibrations of the 1lO~inch pipe before‘and.after the
tests on the 90-degree branch are indicated as tests 2Y and 2Z on
figare 10, Practically no change in friction was evidenced in the
1C=inoh pipe throughout the entire set of experimerts, Calibration
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curves reprosenting the. pipe friction from piezometer 6X to any .- o
Piezometor in the main pipe for different discharges-at & tempers- v
ture of 60 degreaes are shown on figure 22, . .o e

: The test procsdure for determining juriotis ~losses dn - .
tests 10 and 11 wasfthe“sgﬁg'as;in;tsstg3ié&baﬁt}£@§tfthéfudditipﬁalff'
Plezometer ring 6X wes used-as the référendd?boihﬁfhndGBTQEn:tests“-j
10 and 11 now represented;thé;évendge ﬁéﬁdiﬁgsidpriéibﬁgter}2;”5}' *
5, and 8 rather thaaniezoméférs;2;133ﬁ4;uundjs;lﬁPiezgméteEs;on‘ o
ring 4 had been damaged and readings ‘from it were no:longer included -
in the aversge. T Rt S TR A L R SR B

'The runs on‘tests”Q,ﬂlo;,ll}”apdfsz.unfprtunatbly,wé;e ‘
spread out over a period bf;tWoTofjthﬁ‘ﬂé?ﬁbéﬁféuﬁm@r”ﬁd@ths,ias,: i
work of greater importanda,madé?if7héceé$ary'tbqumbletaﬁthese’testBTﬂ
es circumstances permitted, Thé-following'sohqdulsfshaws{thg?galff‘f“

endar dates on whioch the ¥arious runs were made, ' . 0

Tast et Sl e e T
Noo| . Run No, | = ‘Date Performed | . Natwre of Experiment . °

51 AL runc 1 7/22 end 7/23 | Initial friction calibration .

1011 %o 8, inel, |7/27 end 7/28. | 90° braroh;. without cone =" -
10 19 to 14, inel.|'8/8 and 8/9. =) g0® ‘branch, without ‘cone’: . = . o
10 115 to 18,inelll8/26 o L e -90% branch, without:cone B

11 { A1 rung : ?9/?‘tb;Q/ﬁ;}ihbl.ﬂf=SO?fﬁrﬁﬁdhiﬁwithfcphpjf‘.,&l 0 ;

92 | A1 runs . | 9/28 and 929" - ‘Final friction ocelibration |

oratory calibr&tion-taﬂks;{’CdﬁsquéﬁtlyﬁtheylWé:efintgrﬁittenﬁl&f

The pipes wareﬁldcéted ff6m'4y£ﬁ éqithéSEéﬁdﬁe;ﬁﬁéyfiﬁbffdf:éhailabé“

submerged while other experiments were in progress in the laboratory,
This condition and. the waqﬁjweathéfawegéﬁbbhiuQiﬁgw_éithg”prdpggqt;pn ‘
of algae growth and_the-fqrmapiﬁnﬁhfirust;spots;in:thecbipea;~,TeSts

10, 11, and 92 showed that as time advanced tha~£riction?in}the{branch: N

increased which Was-ehtihélyfpgssib;éq@deftd?ﬁhefdboveifaotqﬁgi"j _
Strengely, the 1C-inch pipe, which was subjected to the same.condie . -

tions for a longer périod'bf‘tiﬁs,'shcwedﬁphééﬁipilly'nbfqhdﬁngin-ﬂa :
pipe friection, B o PR e e T ‘

It wrs assumed that the junction losses obtained for runs-
1 to 8, inclusive, of test 10 were probably .corrsct as thesé runs
were commerced within four days after the test 9 friction onlibra=-
tion., It was elso assumed that the results from test 1l were presume
ably oorreot us the pipes were cleaned previcus to theso runs. Junc~
tion losses for these runs are plotted on figures 23 and 24,

~.
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- A chook on the resilts of tests 10°and 11 wes medé by =~ ;
another method. The pipe friction:for the 3.49-inch branch and ;| = . |
the 10-inch mein pipe was obtained for each ‘run by plotting the e
Piezomgter resdings pluérthe;corraspondihg]ﬁeLopityfhedds‘upstrqamvﬁ

and downstream from'tha;junqtipnﬂaQQQquwing{ajéfageEQinagfrepfeéeﬁﬁéf:Ql*
ing the friction slopes ‘through the 'points to the. junction.' The ‘dife ™

Perence in elevation of ‘these lines &t the junction represented the -
losses at;that?point.¢:By'thiSiméﬁhodﬂftheﬁjﬁﬁdtiphj105$é5fandqﬁf[f:7‘
straight pipe'r:iction‘amra;obtainad'SEmﬁltaneoﬁ51y~frqutha_sgme" e
runs, thus eliminating Q?%orsﬁb;oduced{by‘the!chaggingﬁpipa;fric,g~-f_
tion. The check method showed that runs 1%t0.8, inclusive, (test ' -
10), and 21l runs ofjtest,llfmérb]faasdnahlyﬁébrréctFas.¢ompgtédﬁf _
from the test 9 friotion calibration. By the check method; all.: =
runs on test'10,fell‘appnoximételj;onitﬁéashisfoﬁr#e@~gCldaningf &
the pipes prcviousvto‘ﬁastfll?évidéﬁﬁlvriedu@éd‘thq.pipe,rrictidn ¢T
to agres with the ﬁesﬁ'Q)friction‘cﬁlibnétidﬁ.,JTh$éeawaestéIépsedﬂﬁ
betwean the completion of tes&ill#gndytheisebbndffriction‘calibraérw_
tion (test 92) which afforded ‘ample opportunity for the pipe fric- -
tion again to=incraasa-inxthisﬁiangth'of%ﬁgma;;ﬁhiohwit]did;f7Thej""“
check method definitely indicated that the|friction observed in cal~’

ibration 92 was toc la:géfto?be,gpﬁliqableiiﬁrthe”juﬁchi@hjlp;éiFg'.r
computations end was therefore discarded, * - . T

As‘a-result.of‘thisfinvestigatioﬁﬁjrunsfl to 8, test 10 /-
(without the cone) and-all runs on test 11 (withthe ‘cone) are plot--
ted in thres forms on figures 25 and 24, - Figure 23 shows ‘the june- -
tion loss measuredwinfthewbranCh;infterms‘bffthﬁ‘fglbdiﬁyfhsgﬁﬂinqug
the main pipe upstream from the junction and ‘figure 244 shows these =~ . -
seme losses in terms of velooity head.in the branch,: The junction .

losses measured in the main pipe q;prgssadvinktehﬁéldf]the-vélgéity;;"
head in the main pipe uPhtream;fromythq'jundtibn_ata exhibited on -
figure 24B, R L i e e

Thoma's junctionTIOss_cggffigiénts'ﬂor*aﬂ‘éxagtljiéimilar‘q
layout in which he used & 43~millimetor smooth brass pipe with.a 90
degree 15-millimeter hranch (with end without cons) are :plotted on- .
figure 25. These results sre considerably higher than those obtained
by the Bureau on larger pipes which.would indicate that viscous.ef~ '
fects in small junctions as well;as‘in;sﬁhllfpipesgﬁféxapg;égigblé, .
Although this incident does not constitute definite proof, it indi~ -
astes that experimental data on small junotions for small values of
Reynolds! number are not espscially applicable for computing losses .
in large penstocks where large. values bffReynclds'numbér are involved,
Thama's work dealt with Reynolds!numbers up to 100,000, while the: -
Boulder Dam penstocks involve Reynolds! numbers as large as 90,000,000,
Considerabla recent data are availablc whish indicate that the ten=-
dency is for losses to decrease with the use of larger modelsg in
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" tions w111 show.‘ ‘The addition; ‘of the. cone : should producepatvery
i
- The Burssu's exper1ments Show thet the - add1t10n of & con

1 owalue,.

. branch is

'computed on the basis of Thoma's experlments, the exlsting
+ would undoubtedly be sumewhat less than the camputed 1osse 

_spite of the fact that inva. model of glven size 11ttle change 1n the
'loss ccefficient. is: observed Tor varying- velooatlas. If
losses in large smooth: penstooks such as. those at’ Boulderﬁ‘w

Thama's ourve” for the Junctlon loas ooef ciéﬁf@for‘ﬁﬁé;
cone ingtelled is: unquestlonably in error’ as a few rough- cumputar'

anoh..ff
'reduoed thB‘ .
rlglnal o

notloeable improvement in- the entrance ‘conditions to +the

pr S
ta:

Junction loss coeff:clent toiapproxlmately cna-thlrd 0

o

ks e ruzuer of. 1nterest, 1t s possible to. compute the"
jonction losses for the layouts 4in tests 10 ‘and 11 with. a;llmitad
degree of uccuracy by a method 51m11ar to thﬂu usad‘prev1ously for"‘ :
sest 3, , f : PRI : PR

The layout in test 10 (wlthout cone)ﬁwillfbﬁfcbﬁé R _
first. For an ordinary sharp—edged ‘pipe entranoe leadlng from e ;H},fu,
quiet reservoir, handbooks ‘show the entrance loss to be appr,ti‘1.5g ""7
mately 0.5 Vs" _. In tha ‘oase of & Junctlon, ‘various uond1t1’ of .

: 2,::' i : =

I I3
e 1

e g SERIRE A
entrance loss, The total junct:on loss then as computed for' he;TLLl,

for +the lower values Of Q : where 1t is*effectlve (flg. ?3)

Qa" : i
For larger values Uf Q thls term 1s negllgible compared‘tgkthenjﬁf»

firsts Expresszng thls equatlon in; a more practlcal form:the Junc—,:
tion loss ooefficlent for the branch is}f— T A ;L- D

R R

’ | E ey
s 0,50 %0, 8 i-.f%; {fﬁ} RSO L
Vs2/2¢ o & Ayt ;

where Ag = 0,1216.

&

[#1]
(o}



o it

f
Lo
A B .

UPOn'substiﬁutiﬁgﬁdiﬁférenﬁ valuss{dﬂ.%& ‘in the above,.
‘ | e e Qg e
equation a ourve can be ObtginSd}Whidh}willjapp;oxﬁmdpenthe“ona

| for
teast 10 on figurq’Z&A,_-{i o A

55 for tast 11 (with the cone) may be esti=

ﬁbStiﬁﬁtiﬁghﬁhe_Prcpsf’qbgffigién#Sain{
amparing the. entranse:to, the branch in .

, Thegjunotionfic
mated in the same manner

tho abeve equation, * Upo ‘ : ‘ e branch in -
test 11 with test 3, one oﬁld'axpectfthengt;gncaffbfﬁ£é5t*3 to be-

slightly superior to thﬁtwiﬁftqétfllgﬁ'Thpreforb;fitgﬁéemﬁélogiﬁdiJﬁﬁf

to substitute the folqu}igfﬁpafﬁipights”iq;;hé?£0zmulg§

- JS = 0322......_. "‘0.5.____ : // : b
Expressing this in the othergform,‘the*junctionflpss c9effig ent 7
beccmes .. B o P T S T s L

o = 0,20 + 0.5 L
Velfeg G

The ourve obtained by subséi%uting'valueq;pfﬁggg in this.

equation will be found to proctically .coincide with. the curve for: .
test 11 on figure 244, 0 o R S

.'H. Investig;u.tibh ,off!-:S;b‘ré.tii‘E‘f.Pr'é,"sSﬁfe‘sf et ‘-.Righ"c;;,An:gléT_Juﬁc‘b‘idﬁ'. T

hal

Piezometer rings 33 and B4 were installed in'the branch: .
nesar the junctién'(fig.'20)'fof thcjpu;pbsefofjsbudyihg%tha¥p¢¢seif._,
sures in thet zone and-were.readIWith‘the.cthef'ﬁiéidméterS”during_”1
tosts 10 and 11,  The-drop]in-préSsure_betwﬁenhegdhgqfhbhéSQQpiegbA3
meters and‘the-piezometers-ntlﬁﬁ%’thdoréticalgjunctibnfa:ég@;dﬁted-”;
on f'igures 25 and 26, feépééﬁiﬁﬁly;ﬁ Thé;diff§rQn6e;iﬁ;pfés%uféﬁL%‘a;
expressed in terms of velocity head in the main: pipe ‘above the .junc- -
tion, is plottgdrwith“rpspeCt'tc”théxdiSGHgfgé'raﬁiﬁ;"flhfbcth‘tethf
10 axd 11, piezometers 6XA, 6XB, and BXCrshow a pressure above the
average obtained et ring 6X without the branch attached. A slightly
higher pressure was developed in the main pipe for:test 10 than for .

test 1l. The curve for piezometer 83B (fig. 25) is quite similar to .= -

the curve for piezometer 14B on figure 18, although there was no in-
creqse in pressure developed in the first, 'The surve for piezometer
33B on figure 26 shows the offect on the prossure at this point pro-

- duced by the addition of the ocone,  An,inqréase‘in_pressure was

57




J0

3

L PIEZOMETER 238
20 30

AQ 80

T

a
.
.
.
»e

EXPLANATION
PIEZDMETER 33 A

338
3¢
339
B4A
849
e
340

e ey
T e

[ e ey Sy

O P —"

e et
B o s < uerrgh
W — — —

Lossi in pressure rqnunls the, ditierance -

‘in pressures from piszometar & X{without:
. -branch ottoched)lo.any piezomeler plotiea,
Note thal the differsnce is o stight.gain in -
. pressure belween pmomma:(mthouc .
the bronchJand :ummncr sx{wilh IM
" ipronch mtocmd )

- DOULDER : ou HYORAULIC un.muum

PENSTOCK STUDIES
INVESTIGATION OF PRERSUALS . L HUNGTION




*

Yeity
g

SApe ik FRESIURE I"!ll:l

EXPLANATION

PIEZOMETLR B3 A
o ssm

L1+

Ao

S4 4

348

34cC

340

b—‘-_4
Kereorssommmap
B o i e gy
[ = T ——1
L — s
S ————
[t TR

[ Lo "

L¢3 10 precsure represents the difference

n pressure from puezomeler 6x {without
bronch ottoched) to ony piezometer plotied.
Note that the difference s o shght gon 1n
pressurd Detween piezomete: &X {without
he bronch) ond pezometer ex{mih the
branch.) ) -

o PIEZOMETER

e
e

| wizomeTER ot
CU L TESTH
5 [wiw gone)

:“”.'I-"' 0! Tug l“‘m L
. SRLAY OF FECLANATION
- SOULOER Cabrom FeQacT
BOULDER DAl HYDRAULIC EXPEAIMENTS
- PENSTQCK STUDIES .

INVESTIZATION OF PATHSURES AT JUNCTION -
FOR TESY (1

Omawm, K MY T a’h
taceo. RN P EER . mzcomstmro . B4
CHEEALD, S -




oL 'r

registered at piezameter BSBffof.dischargeff&ﬁios,below.o.édﬁnnd; o
only a small drop wasfobserved-for_ratios abqvéithis‘valueE' i

I, Velooity Distribution in the Main:Pipe =~

4t the conolusion of the experiments on the quantitative
model of the pipa-junction,éa'sfudyfwasimadérof:thé_velqcityrdisé;' o
tribution in the 10-inch pipe with the branch removed.  The pitot
tube (plate VA) was mounted near ﬁiézbmgteriﬁfdr7apprqximapely;lB
diemeters downstream from the pipe entrance and traverses®made in
both & horizomtal and 2 vertioal plane pessing through the cemter =
line of the pipe. ' Five .pitot-tube readings were made at each point
shown on figure 274, = - UL el T

The actunl velocities measured- at .the several points are
plottod on figure 27 for six dischargesi Isovels. representing points
of equal velocity were drawnand the ereas between these lines ob- -
tained by the use of & planimeter. The nomniformity in the veloci=
ty distributicn is probably dua”td-thé;unsymmetrical‘ehﬁranéefdbn- P
ditions to the pipe, - + ..o oo et ETE R T

fﬁf@\édeﬁﬁifg}egibf‘bifé: f aﬂ
V"3 e wean velootty 1n pipe
] BY= brersgs velooiey i pipe
© . Hy = Total meau velonity head in pipe
| b e st
The coefficient b{_velpéityiig;Q%Qifdﬁig;lbibé;iéGegp?ésﬁ

StBranch Losses in Pipes by the Mamentum ME#hodf}byiRalph,W}}Poﬁéll}‘

as /= Lo, where V is the mean velocity in. feet per. second:
and A is the total area of the pipe in square feet. I the areas of
the annular rings between the velocity contour lines in the above
sketsh be denoted as a3, mp, az, ote., and the mean velocity in each
respective area be indicnoted as Vis V2. V3, etc., the numerator. of
the above equation can be expressed as ' :

£10]




4o METHOD QF MAXING PITOT
TUBE MEASUAKMENTE

3. INSIIE OF MATN PIFR




A-POCNTS AT WKICH PITOT TUBE WES RELD N . z




2(?1 al + vazaz j+ v3§g3 +-_

=2 2, (hye ).

The denominmtor Df-“.-‘b:hé..j'ﬁ ua‘b:.onisthens:h‘npl
oan also be expressed a5 2p . H A4, ‘-rﬁv.j:heref;.\H_“,. - th
head in the pipe, R e

Sub.sti-‘bu'ﬁing;‘thé : mtnéi{é,ﬁ cu- : anddanmnlnat orlnto the origa.- :
nel eguation, the result g oo T Y EHLE g

The ej@erime'nts'tl",‘,_va;lues_,.".a_._'a‘;'e':;suf_D'Stituted in theabove . = -
or the six discharges invest igated and it was. found that- .
discharges the value of '16:"--'1-'9.ng'ed' from1,018"t0.1,033, -

as indicated on figure 27, - ‘- ST T e T T

The energy thead . -cdfréfé;@ ion f‘f,’f"-f‘:f or8 expres sed g - J

where A~ = velocity in each individual area bounded by isovels, . . L

mean veloeity in pipe in foet per second, ‘and A= total “area of -
Pipe in square feet, was c.o_rinputedjforﬁbhe‘-,gin_':f_;'rg.i( “shown on figure 27, .
The integration of the OXPro8sion faBa s was aodomoldta i o -

2 mass diagram,

and the ocuba of ‘

of the above equ

under the ourve,

total ares of +the

velocities between isovels, ! oc coefficlent
from 1,020 to 1,116 and these vilues are shown listed un
rans on figure 27, The true voldoity

total mean velocity head in the pipe,

The junction,fldss rosulis would have é.ppeared sl?ghﬁbiy‘ L

5"Velocity—He_ad Correction for Hydraulic Flow", by M. P, O'Brien
and J, W, Joh.nson,_ Engineoring News-Record, Aipgust 14, 1934,
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different had the %ruef&diooityfhéﬁd‘ﬁégh ﬁs6Hfin:fﬁg;EEMPﬁﬁétiﬁné"yx

rather then the mehn‘valbcityfhedd;!qsfin.alBhortLpiPe}quhjdsﬁthis,}
the coeffioient varies. as thqwﬂisﬁapqa{dpwnithéfpipég‘ﬁItfisgBVident;
therafore, that numercus‘médsﬁremé@@QMWpuldwhqré}baaﬁﬁrdquired_tp;obé~
tain a true interpratétiod[pf1théJﬁélbbity?¢pndiﬁiqnsgth;qqghqut“the;
Pipes, T

in Reynolds!mumber, ‘and that for a given Reynolds!

number tho cosfficient deorsases a TfhaﬁsigaVaffPi'e;inq;gasgs

It wes realized thet additiona: tudies of the velooity =
distribution”wbuld@hﬁ#ﬁgbéah?iﬁterﬁqﬁing;ﬁan_EpefhapS“vgluéplé;{hut[;
tho requirements 6ffthis;pnrticﬁlaﬁ*Pnbeémiweréﬁhbt;suﬁhjﬁsﬁto“justéa
fy, and the timd‘1imitatibnsYprohibitédptheséﬁﬁdditibnalfsthﬁies;j“iT o
Furthermore, such?aaditipnalfwbrkfwbnlﬁ'hﬁ#e.requifédLaﬁmqter‘ ro-
finement of tho apparatus. .o T TS T EEEE

Y. Summry and Conclusions on Junction Tosts -

‘The furog¢inggpes;sjﬁayiy¢;;g@mafizaajagyfbllbﬁg
1. The installgtiaﬁ{‘f[a,fii;@f”biobk,4t¢aujgnct1qn~tq*;gp:nfT«9
plont tho oxisting o ,’i_ﬂtwy ‘at this 1 xf'ﬂqnfproduped‘nojmntbréj.
iol dmprovement in dcieney of fhe’ jimctiom. .
2: Sammarison of rosults obtaind by Thom ead the Dwiaw e
& similar junction ofrdiﬂfqﬁbntgaizthﬁdihatod{tﬁdﬁathé.jgnctibnjlbss=

decreused as the sigo of‘thejjqnctiongincrquQd@;fIhcjlargcn-lbssain—ia
dicated by the-smallar‘junctionﬁié}primafilyjdtofto}jisébusﬂoffeqts;';
ang to tho foct thnt the;strnight3pipehfﬁic,;cn}isasaldqm“togscqlg;ﬁ*J
elthough the junctibns,mqY”be‘géomathicalxyfsihilarj'mltlis;thercf‘V“_
foro, logical to nssump that.(Ue_gregtdst$dwvihtioﬂ841njthofjﬁn¢£ion :
losses ocewr for the. small sizes. ) L B e e BT T

3+ The addition of afcoﬁhfc@ﬁﬁﬁcfiné}@};ighﬁﬂgggléfpfnnéhﬁwifhfﬂ;
Approximtoly

the main pipe roduces tho jundtiungldss”godfficieﬁt(td
one-third of its original veluge: . o SR R R .
In conclusion, it mhy ﬁe‘whll.tﬁ,oﬁ@hnsizdfthbifgéﬁffhht‘r"f;

the foregoing expeorimonts viere performed far n specific purpoge and .
were not intendad tc"ccnstitﬁﬁe‘ancnoral,Study of‘the'§ubjact§,' G
Tho results of these tests may prove of’valuavar.afsixﬁlaffcﬁSefinﬂf7
the future which is within‘tha-limitqtioﬁs;of“thbso‘6xpcrim¢nté;1}*?.,
Tho majority of the graphs havo‘beon‘expréSSodjsuch-thdtgtHeraluGS‘i;_
arc dimensionless, thus it would‘appearrthut<tb01same‘v&lues'indi-;m:'”
cated by the graophs apply for both modol and prototypec. - Strietly
spoaking this is not envirely tho vase, cspeeially on very smnll
models, dues to the faectors mentioned abovo. It is oxpocted that tho
Junction lossos in tho Boulder Dam penstocks will bo slightly less

B4




'thn:n those ohtnined nn"t_ihe n
. in'the model- ‘were. _I_esa ;;'&o.n';'t'h itained by
. stwilor ‘junctiion, ' is axpec‘bed to bo
“ less prbnouncod dn the former. oo as thé model wWas of su.ffioient
e aoous oi‘.f'ecta e _

: Tne mdel tosta ‘mthe ‘jungtion J.osaes of t'hn Bould -
‘penstocks comprised:, nppro:d.:m‘be‘.ly "'25,'000’sopa.m'be obsermtlms :
These obscrvntiona, mdo “with (pmant of the- groatost pruct:.cal

; of piezomo:hers lomtod every’ fou
gk tosts g

ocity hon.ds, -les :
ths two piozome'tar stotions, Ihoorotioally, .
tions .should be loeatod Sufficiontly. distant’ ups't;r  and dowhstream:’ -
Lrom tho fitting that noi’:g'n olocity dnsh-ibutior_z ©xists in/the stroam
oross soctions. To v ;.'de:['ini'blon, e ploto loss. detwm.i.n-
ation roguires tho simul‘bamous meo.suremont of” "bwo”moan ‘velooi
of bwo p:.ezomatoric *olevwl::.ons,, and of the: loss which would exi
~ the samo - ‘botal longth'df pipo f & :|.'b mro straigh‘!:. Lo

3 d- - S RE
. ‘ It is thought
_that absoluto orrors An the dise 0 a8 dotormin ron tha /mpnsure:
men:hs ©did not oxcoed ono=hn1f ‘of one percon'b-: From tho v.'eir, tho
1iu,g ba.sin and thunce to :

sto.bilize, fluotm'bions persistod in the stzll
roso and fell slowly: Wi th 'proba.bla varm-bion
moon elevation {pigi 28&, A
-averago ‘discharge oompu'bed “ne. welr readings '
rooted to allow for any s'borngo v&uch had “akon place : bo.y. R
' ' ' .2 peraent.
Ho ( : , ! tary cha.ngon
in the total hoa.d on the o.ppu.mtus. Assuming the ’cotn.l head as Bh.
with woloeity hoa.ds ©of one foot and over, the error for o singlo ogscr-
mt:.on bocomoa _3_ @.,025 = 0.8 porcmt of h « On tho theory" ﬁmt 'bhe
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dueod in inversc p’rqpor'&im.,to( the. square root of tho numbor fpffp‘b'.-iﬁ '
sorvations,” tho sixtoon rondings made ‘on- ench. piczomotor ring ro=

7 For a dotailed _disc,us-sion' fbf::ﬂi.e ,appl_':}cafbi‘:t':n, -of thc ‘_"thoof:y:‘:_;oi‘-.:‘
lonst sguarcs to the interpretotion of orrors, 800 Root:: “Nhth‘p},-___
mitics of Engincering", Williams ond Wilkins Cos, Baltimaros = -

duce this orror to 0e8. h =0.2 percen‘b 5,_5};':.}17'.'

" Ropeated lgr,oéb.' iper monsurcments showsd that the dia= .
motors. of ‘the pipes did not vary marc:than 0.003 inch or 0.1 porcont
for the 3+49-inch branch.  This orrot would. causo a-devintion of OPProx-
imately Oe2° porcent in the ji‘c‘b.’z_z‘}voltfdi?byf."hpb.d,.f' The proviously mon- -
tionod errgr of 0.5-in tho ‘woir discharge: is ogquivalont to an errar -
of (1.005)2 - 1.00 or ‘oncporcent in: the mean velodity hénd, Com=:"
bining those with tho orror caused by the forebay: fluctuations,- there -

is _obtainod o proboble’total orror in tho’ mean’ velocity head of
MCOlE%ﬂ: 002 )54’ (ooz)% or-only slightly in oxcess’ of one porconts

- Although in nocord with thd usual practice, tho hean vo-

- loeity hend wns usod dn this report! for the computatim of Iinctie
euergy head, it is lmown thot 'boeduse _of tho'nonumiform distribution
of the veloeity, the kinetic crorgy. would bo from two to nine per-
cont in excess of ‘this “for Royholds! - numbor's ‘between 50, 000 and” :
1,000,000, - Furthermore,. the corrections muy be much lorger dowm-" .
stroam from fittings ?bblov.f.wh_ich’--.';q'pntro.c_*&iﬁqr;s‘i;gfﬁffcﬁc)_f:{strje'_a_:ii ‘have boon
produceds Informxtiom concerning tho mgnitude ‘of this corroctiam .
at the location just”ups-t;cm_from-tho.junc_ﬁ'orit ih'the 10-inch pipe '
tests (approximntoly ;’18'diﬁ;mcrb_dr‘s'."ﬁ-belbw"thoh ontronee) is given in
Chapter IV, scotion 3-I of this roport. It noed only be stoted hore B
that the numerieal values of ‘tho lossos givon:in this ropars have boon' . . MM
computed on a basis of mean velocity heads. ‘The orror involved. in
this procodure will be furthor: 'di'sc‘ug'sod_s;ubégqgéﬂ‘tly."i SRR

C. Errors in tt'«.d;De?céfﬁiihafi?"m.foff*{;ho;.-ﬁj&f&ﬁ’“liéfGi-u'do'?z';

The dotermination of the hydraulic grado at any point was’ -

subjoct to the following errorgs .~ =~ i v Lo
Fluctuotions in tho hondwater olevations SRR
Fluotuntions duc to twbulemcos = -
Errors in the mechanical construction of the piczometors.
Errors due to lack of parallelism in flow.
Various errors due to capillarity, tonperaturo, entrained
air, ete., . | | B

With regard to errors (1) and (2), since opproximatoly half
of ths totel pressure hond on the apperatus was transformod inte velo-
“ ¢ty hond at the entrance, the offcet of roservoir fluctuations on
the fluctuations in the Pipe piczometors might bo oxpected to bo ro-
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oy mochndly Figuro 28K dnetioabos that tho fon b26” lucbuntt

*. in the rosorvoir s about 04025 Loobs o tho pxpp,_c't’o‘q‘;i"‘iu’c_:rpup.’?hib,'r‘;-j.
in o piczemetor is of ‘the ordor of 04012 ‘foot. Rosults showing stho.,
Plezometer fluctup.:h'i"onggffo‘r'i:frhv_:'b _rd":i'.'i‘__‘fqrbn-b';d:i.-fs’“_c‘hq.;{g'o‘sf)_‘=q.ﬁt1jgp.t-5;1 Adife

. Lforomt p_iozomotors.;fu,ﬁé1ﬁijpgl.*gtf:béfd,‘-‘on;_,i';i;g;u;ié‘-..fszB’*»‘ : ‘_6;5g':“s:ihidicd#b?‘!af@rob- ST
able orror forq singlo sobsorvatian "0f"104008 footy: Sinco theso data -
toke into account -chonges n ‘Piozomotric Aovols A bo'bhbyhond-
voor :and - turbulonge’ Iluetuntion, and the orror e Igps” thon' that “ox- _
poctod by headwntor Tluctuntions along; ‘2 roasonatle songl usionsape
'PoLTSs to ‘bo that 'I'I:ur_'.buldnlcib""u.‘tggb'é ioro '_:pi‘,ir‘dlu.i'bivd;l,y ".j'_l;':i;?bﬂ.-@ifiiﬁpbﬁrféj.'.:'-f.

tancc. .

s ' 5 o 0t b owt b= -
- minute intorvnls during ‘oach.runi: “The “Fluctun *tifbﬁf='91"-I‘~D,_I_“§;,fi,ﬁ,bz:_ th St
of roadings for o singlo piozomotar would. ‘thorofario: bo 04608 = 0,004

Four ‘roadings - 006k piozomod or ‘woro ol

_foot. Sinec four -pi'ézldhib"'b‘d_zf-"s compr:.sodﬂrlng,*bhonrror of tho
Piozometric grade as rdotornined by ‘tho :ring ‘end ‘cousod by £y
tions only would -bo‘?.O..00>2 oot s LT R TR -

Due o :siigh't_v‘i;.bugl;nt;ss atthoodgos l:éif"_thc ,bpﬁz_iin_@jd ﬁr |
nonparallolism:of flow {orr or. .3), most ploz omotors oxhibitoed iposi=..

(RN .

tivo .or negativo deviations varying with Ass

ing the corroct plozomotric .olowvn i onat '

‘the noen of the four piozometors, rof.ch row chimsy

‘boen ‘mado .of the ~variotion ‘0f.tho individunl p: 02010 tors ‘Fro :
moon. For ‘this purpose ‘the :oxperimonts made o detorming tho.frige - -
tion losses in-the 'IO—-,’:}.-n'ah{;;s;b:rqigh;l;fjpi,p:p'__-woru -‘r.ude;:,,,-:thc‘-_‘o;mlys‘:'_.‘-si bo-- .
ing basad on the piczomoter errors .of rings 210, jand 11, Locnted -

18, 44, nnd 52 diarrioter's‘-’ldq-rnstrqam;Ai‘»

- 44,1 r-om gometric: lovel of o
1D WOr0 xprossod in forms of tho wolostey neay.

Tho distribution of +the éme}a:.nu,or;ror',:fdi{{},,’chd ‘;&n'rd'lvc‘,‘:ipi_ozﬁqu;h’oi';é&,,‘i‘s_f:. T

shovn on figure .2 8C. The .indicated ?‘_pncbd_—b‘lx‘ﬁ‘-ﬁor‘t_r‘_b:‘ff"_;t‘.-or]i;a -single ‘pioz

motor due to'.mochah__i-gai‘;_QOi!o,_q-bsu.;‘is-4(_).,.01'”;-11'1; = 15 percont,. With o moat
velocity hoad oqual.ito 2e5 Poet, “tho . orrosponding Orror is 0.026- foots
With & ring :con'l:a‘iﬁ'ixig.:;E‘p,\iz_"g;}‘)'_ie,fzomo?bor;st_, thopr obable orror is 0a012
foot wvhich s comparablo o the 0,002 foot causcd by hoadwater £
vations. Although the .orror due o mechanical dofects of +

etors mny @ppear large, PrOvious worlc .on tho subs et

¢"PiczomoTer Invosti—ga'ti{c_ﬁns e
Hyde 54-1 - 1932, L

4% does not cxecood the limit of xpi"nct'ical\-acdui'aqy;

In connoction with lack of parallolism in the flow (orror

4), thorc is resson to beliove thot water entoring o pi
an imperfoetly shopoed mou‘t:hpiocq ‘




contraction -and expansion ms thoss . orienced by s free je
from an orifice. ~In-the streight: :pi-i)e‘v‘f!gas_tpyerﬁ.'mir‘t:js; on -3y
end 10~inch pipes, with' Piezometers located. 3 5 507
the pipes, the experimental ‘date indicete ‘that points of Loy
pressure analogous o waves occurred. downstream from the entrance at . -

intervals of from 6 %o 8 diameters. - The amplitude of the pressure ;"

deviation was about ‘one. peroent of the velocity hond; and“it was mot
entirely damped in a Jlength rof “even 50 dismeters.’ - Although ‘the''exper-
imental deta is not conclusive, ‘it is ‘estimated that there wes g prob- -
~able error from this -cause “in"the sorder-iof ‘O ~percent “of “the velocity -
head at the upper ‘end and 042 percent of the: wéil?oci‘_ty*hééd‘flé.t.: the low
o emde Tt e e - SRS e

No attempt has boon madé 'to evaludte Srrorfs. due o temper~
eture, entrained air, and ;cagpillai;ys=.afi’9cts"","(-tla‘r'_r.or,-_s_‘);.‘;-_”K_Inf,:.qqmparifspnf e
with other errors it is believed that these may be neglectods '

D. Errors inObtaining Fhorgy Grads |

For any given Tun, the energy grade 'z'e.‘lf.‘-(a'.gii"y'p":'i.e’znoina":b_e'_' ring’
was determined by talking ‘the ‘mean of the .16 ‘separate readings -for the
four piezometers over - a “period.Gf “.‘p__c;‘_-;zxie;psr“.401.',;mihu1-,qls,--_‘andi;,aa__qin’g,_1;,"0.__1‘;1;
the mean velocity head for the sams “poriod.. “The fpqua,bl’ﬁ,é':of‘ri"di‘j;i_nx-the

result would thexn be ‘as follows: |
Va = veloeity hoad orrora #*error duc to ‘standing pressure waves?: 4
' + mechanical error of pio: ometer? & fluctuati a; errors, -
Assuming the fluetuation .error to ‘bo ‘ogual o or, less ‘than 0 002 h,,
for heads -of onc foot and over, tho-experimsntal error-in the' oho;
grade at any piezomoter ring for ‘asgiven ‘run ‘bocormies

= 0

grades (fig. 12) aro common. .iTh
viously mentioned .as
monts. o :

E: Brrors in Dotornination'of Losses in Stralsht Pips = .

At tho start of the experimental program it was _contemplatod
that the lossos in straight pipe roquired by the oxporimontal procodure
would be obtaincd Momeo for. allM by tosts for this sole purpose on a.
streight pipe as long as tho laberatory facilities would pormite The
following apparatus was availables : O o ‘

Se49-inch _pipo-i - Entrance "2-9-dégi'co cono with 16:1- én‘trahco-
to~throat arca ratio; calming length, 38 diametors containing 6 piczom-
etor rings; ong length, 14 dismoters with 3 piozomoter rings. -
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(2) 4.33-inch p:.pc z, En'trance, Z'TdogreoAconomtth lentrance- :
to~throat aea rotio; ‘oniming "longth, 26 diamoters aining 4. piozom~

oter rings; ond long'bh,lﬁ dlamotorsmths plezomet

(8) 10-inch pipo: Entramco, semicircular boading ‘on faco of
wnll vith radius ogual to 0.4 that 'J:‘,f:;p_jip@s,,-'_‘{__;'_p:;t;éb.néa‘ffbo&,.th;f_‘,oa;l;.{p.re_s."_ »
ratio 2:1; calming longth, 36 f’*rlf-'r.ﬁizte,i’{»fdr:‘s--\.-?confea'inins%i-ﬁl--ﬂiﬁ20@.#9?9‘\r-, ings;

ond length, 16 diamotors with throo piczometer rings.

Sinco tho pipe usod was o “the. SM°quall‘°¥'bh*‘°“Eh°“t and
all piezomotor rings wore offoqual :a;c‘di.tfa'}céy{,";_‘bh_t:{_gdi‘Stin'c_"l‘:iaqi_bgfl?gypq_n
calming length. and moasuring “socticn. :i's",:a"'nw;i ong,: but is‘usoful . -

for emalyzing crrors.

According to Wikuradso, the volooity. distribution is mcarly
uniform at the throat of &8 well-rounded pipo -ontranco. whose: shape is
such that no .contra.crbibh-"dcbur's‘;-‘ but for smocth pipes s ‘the distribution
changes into tho “fypicel volocity profile within o'distance ‘of from =
25 to 40 diamsters downstrodm. The onoi_fgy"T;'t.fbéj‘é'.‘p__s"‘fldm‘j.ng:,_th"i,r‘sﬂVjtra‘n‘si-.-
Tion must be vory small end may bo’ oven less than in.the portions of

the pipe subjoectod o normal flows: The'chango “in rolocity distribu~

tion, howover, results in 8 .convorsic iel.t0 kinotic: cnergya. -

The hydrenlic grade line. for: this case). therefars kends o ‘takorthe
form of & falling cwrve, “.coneave: upvard ‘steoper. at’ the -upstroam ond; =
and flattoning into a ,;st::ni-gti;&..['sflq"po.zdajs'édndizigl--l:fqvard‘, the outlets "7~
If, now, the entrance .c enditions are not idoal so/that a ‘tendency to-
vard contraction exists, the kinetic cnergyat the- contracted -scetion.
is mich highor than would bo indicatod by the' oal lation: from the. .°
mean velocity corrected. ‘f‘or‘,nbrm:;;lzfﬁ;dis"c:ibutj{on'.f The ‘static.prossures .
would show a drop from the q;f‘é\;}s.blvif_bb]lbnti_fq'n‘c':._o"'jbd “the:vonn contracta,

| _ the lattor pos-
sibly subjoct to feding oscillations.  -Tho experimontal moasuremonts = -
of static prossures as mado; bogin ‘jitpb;‘pkimi;bp_ly,_.afbﬁ-‘";_j_thq,{pr_fpbgbldfilocb.-
tion of this contraction, and show the. sharp rise and sucdoeding, drop
with oscillations. Wien.a c onstant kinotic onergy torm ¥asedion dovme
stroam conditions is added to this Prossure distribution, the rosult-

followod by a sharp risd:‘asind'_“,ﬁsubs”biqqofn_t_,,igradudl":.‘,(fi".‘r.‘op',;‘-_

ing nominal onergy ;grado-'-:l_indf-.s;horts¢’-;l-.hbj"i_s'amq:-if'j;p;z“'iq-tibrigi.ﬁas the moas~.
ured ‘pressuros, and is. thus too low at the first Point; ‘may be t0o . ‘
high ot its poak, and may oscillate cbhout the true grode-line with - |
diminishing .amplitude thorcaftors .= ... .. - R

- It is evident, thercfore, that to bbtain'_-"t‘h'o normal lossg
in o streight pipe, oithor tho pressure drop must be obtained at a.
location sufficiontly distant from the ontrance that the velocity .
X nd ‘grede is a straight line,
| otic onorgy at the monswrod cross see-
tions must be known. Unfortumtely, in tho Burcau's t¢sts, the length
of pipo which could ‘be accommodatod wes limited so bhat only 14 to
15 . diametors at tho downstroom ond :ould bo comsidered as hoving ap=

proximatoly normal volocity distribution. The measured oncrgy drop




o

in this length &pproximated ‘0e28 Hy. ' Since it has boon shown .that.
the aceidontal arror in tho moan results of ‘o got of roodings en<«n
single ‘Piesomotor ring is. of ‘the -ordor 2“91?“?’-’0_5:':0‘06"h“r,‘??,’i‘or' asinglo . |
determination of the i’r‘ic‘t’iqn',coof_fioio;:t:""i_."_:"fbmf‘th}je‘.dro‘p ‘botwoon
two rings, tho nocidontnl orror i'_s__-:;'V'.'a- ‘x 04006 ho'= 3«7 porcont
of the onorgy drop: If the orror in tho 1}&5.':;6ti‘q_<_;onprg3r'-i"hoad T I
calculatod on o ‘basis of 0 moon volocit carroctod by the.
trary factor, o¢ is as much.as ,‘,S‘.;;i_qurbé;ifb,'“-'vh_;thais.‘ tho -rg.ng;q‘_,pi“_‘,a_.
tho empiricnl voluos of - “thon" tho, possiblo ‘error.may.bo ag
much o5 (0423 + +0085): (1 :+%.08). hyg = 0s23 hy 5 er 648 porcent..of
the onergy drop. - Os23hy. P TR R LT R s A R

1

Fo Entranco lossos = |

oa.

 During tho tosts far. ji_‘r":iétion"-_ylc‘:“s‘sb‘s'{:éln-';‘sﬁfc';'igl;'{:f pipos,
advantago was takon of tho opportunity:_td _m'o_u,sm_'_c_(.:‘chro;gnpminp.jl‘ en- .
“thoir rote of dovelopmont, The results- obtained -

maximm doviation from

(1) 3.49-inch pipo ontranco, loss Oule h, 2.5 poroont
(2) 4.85-inch pipo ontranco, 1oss 0.1l h;'2 343 porcont. -
3) 10-ineh pipe _on'ti"la.nco-,'_"l-o?ssj_;D,‘lB"f‘:.hv * 5’ poreont -

The accumulative ‘Percaontago’ of tho total:apparont on~ .
trance loss ot . vorious diamotors. bolow tho: ontranco is. showa on'. ;' W
figure 29. It is noted that, oven'at 30 dicmotors, only 95" poregnt
of the total ontrance loss hes- ocewrrods. . LoonL TS o

‘ Sinco this data ~ms@obt'ai-nqd-f:ffijom-'§;pa ot
longth was limitod, thord is renson'to.bolicve. that “tho: dotormina- ,
tions of both tho ontrarce .lossos o.:idjtho.f;strhi‘ghtf5‘pipc':'.:'l’osvgibs'"ih‘-7f
cludo large porsistont orrors.: *_f._‘.‘Th.us','3ii‘:tfff-‘onlyi;_fivo,[porbq‘r‘;'i;;g?bfr*a,"{:}‘5"E_,--}.-,"r
givon ontrance loss, assumod %o bo 0420 hy ', “occurs” in the'end 7
22 diamotors dovmstroam from “tho 50-diam0}tor‘"poinf,".'tlaof;:ds/?@"t_xight
Pipe loss detormincd from this -;,‘,Soc.ti’bn,m.l‘l“_';hu.vo”'n‘ Persistont’ pog=. .
itive orror of 0.05 x 0z20 = 342 porcont. - This fbf‘foo'b“',"“lcombino‘di3'

0.3 x 22 . L T
with the fact that the entranco losscs woro

10-inch pipo than for tho 3.49~inch Pipe,.
or straight-

rotus whoso total'

much highor for tho =
\ miy aceount for tho: high=
pipe lossos 'ind-ioa.tod‘_‘py"-tho lij.nch p:po. R A

In thoso tests tho differonco: botwoen thO-g-éﬁraigh't' pipo
and ontronceo:loss is distinguished by constructing a tangent te.
the hydraulic grade 1line at a peint about 40 ‘dizmotors bolow tho

ontranco. Tho straight pipe loss in tho upstroan 40 diamptors is
thus 40 x 0.015 Sy =060 hy. Sinco the aceldontal orrors would:
bo prasticslly tho samc froction of hy regordless of tho pipe sizy, .
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®

and sinco, 0.8 hng boon - shown, 'bho accldcn‘bal orror my o.moun'b 'bo LT ,
much o5 347 porcont of hvy, ‘tho neoidontal orror in tho do'tormimtion ;
of tho ontrance loss for tho ‘4¢35-inch Pipo,. f.’nr which: “tho- -bota.l on="":
tranco loss is 0.11 hv, m:.ght o.mount 'l:o 0.03'7 x 0460 hv or’ n.bnu't 20

Qadl T ¢
Pporeconte. Thc ropoti'tion of roo.dings would roduco this 'I:o .20 or ubout

4 poroont which is compnrablo to 'bho .’5 5 porccn‘b givon in "rqoq;l;._ng“
paragraph. R : AR T R e e

Bro.nch Losa Errors

‘ Although ﬂ.bsoluto vn.luos ofnlcssoa wero not roquircd to sn'l:-;
isfy tho major Ppurposc of those tosts "which s to obtain: nualitn.‘bivc '
rosults for difforont: typos of bro.noh connoc't:n.on.,_,‘ and 'thhough tho .
reducticn of aceidontal errors by ropotltzon of rongings yms. consn.d-' ,
crod surficiont, thoro romain: many c:l.rcumstancoo undor wh:Lch a’ de‘tor- o
mnat:on <r tho. truo valuos of: #heso losses is: iml:cr tent. Ina closer‘
apalysic, ..horofore, ’cho iollomng pors:.stun't: errcrs mu..t bo consz.d- i
orod: R : : A S

(1) Errors in moan. voloc:.'by hoa o ' '
(2) Errors due to Megloet .of onorgy hoad. corroc'blan fac'bor. N
(3) Brrors in the . dotorm:ma'bn.on ol 'bho stroight pipo 1oss, includ-»
ing ‘bhc offoct of: bao: short o oulnung J.cngth. S L
Whero tho u.bsoluto vnluo o;f‘ the 1oss which is to bo- dotormlnod is. :
small, lock of control of thoso factors 1ntroducos lorgo orrors. in thc'j
rosult and is probably rosponsa.blo for: ‘much of tho apprent’ d:.-.scropa.n— -
cios in reportod exporimonts. COnSJ.dOI' 'bhc follom.ng ‘b-.'ro oxamples- o
(1) F:r.{;urc laA ahows 'bho cooi‘f:.clonts of Junct:.on loss 1n tho ,
main -pipo causod by dlvorsa.on into’ “tho; brﬁ.nch An: torms of the velocity
head in the main Pipc. Tho equn.'t::x.on by mogns - of uhmhf the coefficlentsl“
voro cxporlmontally dotorm:.ncd rm.y bo writton A . e

).= (1~ I\g) - (Px "'Po) -

vhoro the symbols and oxpor:.montol vulvosr found i‘or o Roynolds' ntimb_& g
of' 200,000 o.nd for a dn.sclfmrgo rotio, Qs of 06 arg. as follcus- Vo

Qn
)\\= coofi‘a.cion'b of Junct:.on loss in 'borms of V

, : 25 |

-Po) drop in hyd.rn.ul:.c grndo 0s o fmct:.on of. Vp.a A = ~0,64)
7 :

Ky = cocfficient of stro 3.ght Pipe lo 55 in torms of Vaz (= 0.019)

g
m = length of pipo in diamotors botwoon tho branch ond the
dovmstream piozometors (= 25)
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Ky = ratlo of moan voloeity hoad bolow tho branchito . .
that above 0 B I e o =0.8).
0.12 = (1-0.16) -~o;s4f--0;01é;x;b;;§;x~35. RENE N

If tho -diffa:raﬁco mtruak;mticonorgyhondsbo usodi‘cr

tho first torm insteoad 'o;""t:hc'divrfq’roncar_ﬂorv moon. velocity hoads, tho
first torm bocomos,” T ~{(1e12 - l;Oﬁi#FOilS)fs“O}QSG A T LI
pad. N = 0423 which iai-’(_).ll‘hif.jixi“'oxq:o_s‘s\'of-};thgit ‘roportod on- figure
18A. This is n 90.porq§nt”increasd;. S CURRAL R s
In this oxampia, the ;gﬁdrgy._tc_or'r_qo_t_i'cm'f‘ij‘b_._é'b‘or.jups’ﬁ-mdmn‘,w'u,s;.:;
obtainod from Pitot tubo. moa surcments vhile that downetronm s ostie
matod from dn%n of:Nikurndsq;ﬁfltjﬁhy‘b¢“80qn; howqur;;that¢in@cgsqsa
whero the dovmstronm wvolocity hoad ic-smnll'as comprod with that up.'
stroom, lorgo brrorsTmnyﬁ%Qfmadcgigﬁbcthithé;f: los tho™ -
dovmstrecm cnerpy corroetion 'fcictoxjfjrfit}_}'qu't rc_:hiz\ngipg;.;tho"‘rqsul‘t_. S
' the junction loss in -
the branch in tormsf‘,_of‘:thq';‘-vclocifby‘ head 'in tho miin Pipes . Using the
samo cquation asin(ljforwQs_é“O;G,andia“R¢ynoldsfinumbor_of'ZOO,QOO
tho terms are: o e N T S

(2) Figureo 1snfah%ﬁﬁ_thbueoafficianis‘df

1.7 ,(1.;"1o;a)a§i14‘7;;;o,oi4sji*1o}a_x,aa'
B B

Agein if the oncrgy\bdrrCctidn,facto#s3£offvqlbcity;diatributidnfpte oo
1.09 and 1.05 re spod;b_iv‘cily',:;.r.'bhoiii“ir\s_jl: “torm bocomes (1 09 - 1.06'x°10,2)
= =96 or a o orrection Of 0ad 'h_.. .“Thus ».tho “true lossis 23 pereont

less than tho noming 1 loss as tobulated.” In contrast to ~the. pravious

examplo, this case indicatos that tho - onergy eorrdction f£a
o ‘in.comporison wi: that dovmstroam,  On: ‘ :

tont orror of #10 ‘Bercont.oceurs: in the straight

b, the Junction ‘loss vould “bo inerénsed ‘by 28 porcont,

H. Errors'DﬁcftOEChangihgtStrdight'?iﬁo‘Ffibtibﬁ =

Firally, montion ‘should bo mado of orrors due fo chango in
the straight pipo _friction_duri@g._thc} tosts. " Dofinite evidonce: oxists
that beginning in the migdl T July, as tho water warmed, tho ‘friction
loss in.the 3.49-inch Pipe, vhich was thon under: tost," incroased chout
30 purcont in two months, _Aftor clenning, 'f'bhp‘»'lo_s_s‘.j_gi_'ppr‘oath.d»’,-_i‘ts—v; ori=-
ginal valucs Along with the increoase in pipe roughness, the ontrance
loss wms cdoublod, a Phenomonon similar to that found by Thomn in his
tosts on bond losses. Tho inercaso in roughnoss. epparontly vms caused
by a growth of 2lzao in tho pipo wnlls, _‘ ' T

It is ovide
test that mecsuroments i i 805 must bo modo simuldonge
ously with the moasurcmonts of fitting losses if large crrors aro to

A




bo ovoidode It is poasn.blo 'l:}mt 1‘:l:l:.'l:l.n;:ﬂ'~5losxscus: oro 'cnly npplicnblo
‘o pipos of simlla.r roughnoss:. : ‘

'.'Ir-: Uomluaiona ‘on Errors

¥

From o study of -bho orrors in 'bhoso ‘aosts i'b :.s thought 'bha'b'f,;
tho i‘olloxnng conclusi ons oro. wn.rra.ntod- R o

(1) - Whoro only quo.lrho.t:.va concluszons are o 'Io:.drmm i‘rom hy=

draulic tosts, ‘oxtromoly: lergo:orrors my bo :.n'broducod 1f 'l:ho rough-
ness of thoe plpo ohang;ou undor tast.

(2) - Tho 8120 of tho acc:.dontnl orror :E'nr' Aheo onorgy gr do o.'b_n.
given- rmng for o singlo run_-f‘ m8 lorgoly ‘controllodfby tho moc}mnicu.l
orror in thu given p:.ozomo‘cor. I in futiro tosts," rl:ho p::.oz.omotors :
arce plrcod in o spiral *around 'I:ho p:Lpo wovar-a. length of o.bout 3 d:.o.-'l
motors, orrors:duc o prossuro TMVeS mll bo- ol:r.m::.nu.tod. ‘Whore i‘luc-
tuntions oxict similer o PHeso. found:in *bhoso‘h-bocts, if plezomctars
orc rend to tho nbarost 0.0L1.of o foot and th 1umibo: i_of roadings: ro=
duced by ‘ono-half thoro will o no a.pprucmbl" chango i; 't:he accm'acy.

(3) By mov:.ng plczuno'bors from a locu'bion noor 0 \"i-l:‘b:.ng ‘bo tho
location whoro the stm::.gh'{: ‘pipoloss ic’ Idotorm:.nocl o i
creaso in tho accuro.cy “of'an oxporimon'bj is- pos s:.blo"

(4) “Whero quant:-.ta't::.vo J.ossos o.ro sought, orro:s :Ln thc onorgy
corrocetion foctor and :in tho - s*tra.:.gh‘c Pipc lossos will Proba‘tpl- _
trol the cccuracy. Tho onorg orrectio factor is of . ‘particu] ar.: :unr
poritanco yihoro an‘bn.c:.patod .’Lo..sos orosmll and th:l.s ‘:I.S prnbo.bly re- o
‘sponsn.blo for mu.ny oi‘ tho dlsoropanc;oa :Ln cx:.’t:.ng datc\.. :




V.

JL Introduntion

The water for irrlgation and power purposes w111 be con- g
trolled hy the Pour intalre- ‘towers. adgacent to the! upstrenm fuce of
the Boulder Damg. Each ol the 1ntuko towers ib prov1ded w1th two

S"Hydraulio Valves ‘and’ Gates for boulder Dam" by P. & Kinzio; Uz
Mbchanlcal Bngl*eerlng, yolfﬁﬁs, July 1954 pp. 387—414._3fﬁﬂ,,:;. 4

cyllnder gates, 32 feet in dlamater,.tha lower -in the base of the o
tower at elovation” 895 and tho upper. at alevat1on lo4s, - These gates \
will serve to- control the flow through the 30-foot stael penstock"
headers that extend: from the. beso’ of ‘enach tower to’ the. turbines ain.
the powar plant and teo. oither thP*canycn-wall outlet works‘or the
tunnel-plug ontlet - worLs. : LR

: ‘ The olosure “of- the upperfand lower gates in any one 1ntaxes,"
tower will permit the. unwaterlng of the steel penstock and all:; its‘j
appurtenances for the purpoue of 1nspact10n and malntenanoe.;ﬂ_;fe~jfri‘

To detenm:ne the hydrau?lc actlon of those towers and con-ﬂ
trol gates under the various: condltlons of d:soharge to which they
may be subjected,.a model of one of the towers on a-scale:of 1 to! 64
was constructed (pl ate VI) ana te ved in. the hydraalic laborat ory .
of tho Colozado Agrioultural uxperlmenb Statlon, Port COlllnu, Colo—
rada, im0 i

By means of th:s nodel the distrlbutlon of the flow through
the two sets of gate opcnin‘ *wus determlncd methods of reduclng oo
the entrance losses: ‘gtudied’ and the nooe351tyfof air. vents below ”f;'ﬁ'
the lower. cyllnder guta 1nvest1gqfeda e R T e Sl

..“  3;1 The Apparatusiﬁ,*?5”

.‘»

- The model cons:sted o1° cnmplete assembly,of the upner
Arizona 30-foot penstock hendor, intake tcwer, ‘and branch penstocks
loading to the turblnes and needle vnlvas (figs. 30 to 35,_1nclu51ve).

The 1ntake towe" and the surroundlng tepography vias. looafed
in the 10,5~ by 10,25-fpot. tank a5 shown.-on figurss 2y Tho inner pore
tion of the tower consisted of ‘galvanized’ skget-metal oylindriocal
shells, accuratelv bunlt and curefully soldered together with butt -
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joints, formin{; a truo’ ropresentotion of the prototype in dotail .
and -dimension, Two independently operated oylindor gates were in=. .
stolled in the tower, similor to thoso in the prototype. The g ates =
were made of 12wgage seamless steal “tubing ‘with the lower cutiide-
vdgos beveled suf‘flciently to:insure a’ olose. i‘it with' the. base: plutos
and form o satisfaotory water seal {fig, 33A and B), -The gater - woro
roised ond lowered by thrae: smo.ll rods attached to each gote ‘at bhe
third points on the c:Lroumferenoe. The rods from tho lower gato
converged into one main rod: whloh oxtendod up tho -conter: «of ‘the tower
to the ho*s‘ting appara.tus. The': upper ‘end of the’ rod wos: threaded

to permit raising and- lowering the gate. 'by moans ‘of .a small erank. :’m :
the upper part -of the towsr: (flg.,SSC)., ‘The: rods to +the upper, gate
were cornected in a s:.m:.lo.r menner to o sleeve over the ‘main rod.

- leading tothe lower gate, “This sleeve was: 2lgo’ throad-ad at the ‘
upper ond, and was notuntod by - seoond orank loaated 1f1‘lthe uppor
poart of the tower. o R - SR e o

Tho lower port:.ons of the g;ate entranoes wore maohmod e
metal plates, the lover ‘one’ formlng ‘8 base plata 08 woll The uppar;
portions of the antrances: waro moldod: using o mixturo ‘of’; beeswux o.nd_i g
paraffin (fig, 334 and B, UWith the oxception of the piers and. pler’
spacers, which wore of wood, o.nd tho gate entrances, which wero ofi.
wax and purnf‘f:.n, the towor was. “constructod entirely : o:f‘ metal. I’ha
piers and spacer: blooks were - protootad with two coats of nlummum S
paint to. allev:mte .as ‘much ‘ms. possible any swell:ng of thosa: purts B
of the model. The topography -arcund the tower wns constructed ‘from .
contour maps of the -eanyon. wa.ll o.t the dam site, and oono::.stod of ‘a
lean mixture of cinder concrete. Trash racks (plate VIB) wore in-: .
stalled on tho:'tower’ durmg a portlon of the tests.-_ These werc built.
to serle, but due to their m:.nmture‘alzo, thoro is ‘some. doubt Qg to
tho advisability of relying too: folosely ‘upon the - rasults obtain~d - -
with them, Small .edges end burrs which were' pract:.cally imposs:v.blo ‘
to remove, surface tension, and traoes of grease ‘and 0il on the rocks'
all probably had their ei‘foct upon ‘tho- re ults. ‘The rasks (182 faet
in langth, prototype) wore constructed of . very “thin® strlps of -sheet"’
motal set with the thick ress .of the meta.l normal to the dlreo‘bzon of :
flow and held in pluoo by oross- pleces to which the stmps Wore :‘
soldered, . Upon oompletion of. the various parts, ‘thé tower wos .assome -
bled on 3fs base- plate and bolted to o r-orresponding plate located &
in the floor of the modo] tank to which the 30-foct dmmater penstockj
header was conneoted. In molcing altorations in the modol, it was
only necessary to unbolt the upper plate from tho lowor a.nd romove _
the intake tower as a unit. : S

Cs Method of Analysis of Losses in Tower.

To analyze the losses in the inteke tower, a ring of. piezo-'
metors was installed in the base at olevation 890,0 (fig,” 33). '
wag anticipated, end later confirmed, that the vertiool Qo-deg,ree
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bend in the penstodk?haa@er-immediutély4hélbw;thegtcwerjwpu135pvoﬁ;’f;-H;
duoce angunbalanoe&fﬁfﬁect”ﬁpbn'tha,TICw’in“thisxpdrtfon?of-#ﬁdfmpdél, S
causing o variation'ingpfeésura*ﬁt[thefﬁour;piézométpns;,iASf¢hQ;. S
losges to‘be‘measu:edﬁﬁn;thaamodeiﬁwarafsmaligghﬁé@éging'théﬁrgﬁd
ings of this ringEpfgpiezqmetensfmmuid%havéﬁbéeﬁ”i@ﬁbburaﬁe;;fFu ;
thormore, théfqomputntibn;of}theﬂ#elbdfty:of?théﬁWater,leﬁ#ihg'ﬁhe':“N N
towsr would havezbeeh‘in”ﬁrfor%dué'tp'the'unégualffdlopity3distribur,l
tion in this region. ‘Tojavoidlopmplicaﬁingltha“lossfaqmpptatiqnéxx o
with thase'souroes-pf7afr9raJ#heﬁPddhtockiheagér;wasfdisbdﬁh§qﬁ§du“f L
Trom the base ‘of thé’%qwar'undwaﬁstraightHEQEtioniof¥pipé_tﬁhéﬁfﬂegt;f_f';
in length conneoted‘in‘;#s;plﬁoe_(fig.?Siﬂﬂ[gmmhgllowgtﬁendwofv&his”'" i
auxiliary section was fitted with.6.flenge to which orifioes .of sdife’
Terent size wére festensd to regulit he- discharge “through the towar,” " &
Five rings ofjpiezometana-dqaigndﬁe_;asﬁAiﬁofE;;indlusivg;:(fig;;54nj‘J;'g
were installed-at=6-in6hﬁiﬂhéfvélsialdng,thegauxiliaryj$éqti§niof33f*~- o
pipe. anh-ring,oonsistsd%ﬁffﬁoufﬁpiézhmstéhsuSpadéd;So;dégreésfapqrt4"
oonnected with .rubber hdﬁé-toﬁa%giﬂgle*glassqmandméthf#uﬁé,f;ﬁﬁgf'rl:v
average value for the pressure at the ‘base of the tower at -elevation. .
890,0 was oomputed;from.theae}riveﬁringsgpﬂjpiszometerSTbyvaddingfthe_
Eipe friotion-qomputqd,fiomeeéohﬁr“hgftCGeVeyétQOﬁQBQQ;Q;}gorrﬁsgbnd- o
ing tq.eachwobseerngagaﬁrgﬁgﬁﬁg_;ﬂAé;#higggéhti@@fgf,pipé¢ﬁasAsimif_g IR
lar in'oonstructian#OLthbsa_useﬁ'ih-phégpensthk?axpgriments}Ttyhtyj',
pipe‘friction}was‘pﬁiginad;framfthé;o@riésﬁplbttadgbn:figureglcg“'f
ObservédgpfeséﬁfésEétﬁthe*fiveﬁpiezgmqqér rings below.the i,
tower are plotted un.figure SS”fcrﬁaEﬁbwﬁrgns}with both: gates open.
Rings A-and E :are consistent with the .other three; ring A appearing .|
not to be.effedtadibygthaginwer;gateJ.ﬁhdzriﬁéfE\nqtﬁﬁqingfinﬁluﬁnpad*f
by the orifioe,‘gThé-data-fbr}egchTrunfpldttSQﬂas:d‘qﬁféightﬁliﬁéﬁfl;
thus=raadings‘fromkall'fivéﬂrinESywaréhusedgin-the?loss766mRu$§ti§ns. |

ok

. nf’bha L
tower (fig, 344), one midwey hétweén?therugpqrjand710Wé?;gaté§§jaﬁd;’g~; [”

Two siphoﬁgpieiomefersDwerefihstalléd,iﬁEthg{béﬁterf

the other about .a foot abbﬁe.ﬁhq@&ppérjg§£e¢,gEachfgonsistaﬂwﬁfiﬁ,ﬁ’,__'7‘
piecs .of 3/16-inohacoppér7tubi§gmcldqddgatﬁﬁhéflowarrenﬂﬂbxjﬁrqwiﬁg: PR
- it to a point qsnshown'oh?fiéﬁfb;S&B”*fmﬁalvejs/%4finqhgtheEqupe,hii‘I*,L
drilled in each tube, ‘perpendiocularito the mﬁlls;ﬂahdjthéﬁtymfpiézc-w-
meterwaere,suspendad-vartiqﬁlly;inythe,qenterqof‘thefﬁbﬁéb-"‘ R
In all tests,.one:otﬁBoth;gatésfm@ré;always,fu1ly_qpnh;”ns_'»
they are intended to'be so cperatedgohﬁthé;pnétotypq.{‘IhéSe‘ga$§3“ﬂ'”'y
are‘provided'for,unwatoring'punpOSQS_andfnqt'as}ragulatprsa ¢$hd_tpﬁa1'
discharge was measured over the laboratory 90-degree Venotch.weir; -
the magnitude being determined by the size .of the orifica below the i
tower and the elevation of thr7Waterfsurfaoe~in'thefmode;.f%fThebmerl
discherge ranged from 0,15 to 0490 second-feet, which sorresponds to -
approximately 5,000 and 30,000 second-feet, respectively, in'the
prototype, : . ” o
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Total Losses Through ’Towar _

gates open, and. with o ra.nge 'o:f‘ disoharges.
total loss 'bhrough the tower. (i‘lg. 34.‘1) '—'was-“

Re (4d)

The pipa i‘rictlon was compu‘ced us:.ng 'ch:a cmnbmed‘ o‘bserva—

tions at tho p:.ezometer rlngs below“the tower,.” The. results.’
a - The totnl ‘loss through the"
tOWOr.. expressed in’ uerms of the: veloc;ty’ head. in the tower .at: eleva=

the model diucharge, s in’ the former; the: . =
could bs ineluded while in- the latter 4t was’ mpossl‘nle 't:o consider-’,;:?;
this factor, - During the 'tes‘bs, tl1e tamperature of the water v

d'om 33 to 50 degress I‘nhrenhelt .

‘end visoous affects are approclablc. . Th performing ‘th:.s tra.nsfer,
it is assumed that the losses exprassed in terms of - velooi‘by heed
ars the same -in model and prototypo for the 'same .value of Frouds' s
number, With viscous effects ‘present in the model, it- ca.n readlly
be seen that th:m ussump'bion is not- entirely correot. R
Reynolds'law, on the other hand, cons:.ders v;scosity in
prototype a.nd medel, but is indopendant of thse f‘orce of gravity and
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consequently centrifugal a’.fi?-re_cts‘.f": ir" the: mod.'e_i"'d theinto.kstower
ware exactly similar %o the -prototype “in ‘dimension and roughnosas Tor
all hends, and -oextrifugnl effects wore. exactly similar, it would be

possible to extend the medel ourves ‘ns shown on . figure 36 to proto~,
type values of Reynolds"number.  This would be-a & imilar ‘procedure”
to plotting the. friction factor, f, for -olosed conduits agoinst -
Reynolds' number (fig, 10). " In the lotber oass, all straight circular
pipas are similar exoept for rcughne 65, and Reynolds'number’ offers.. -
the correct model-to-prototype conversion. In ths onse of the inteke
towers, dissimilar centrifugal sffects result ing from gemmetric di E=
similariby also enter into the problein sc that the : eynoldst number .
interpretation is not directly applizable, .- : Lo e

- Up to the present time, 1ittle sucoess has ‘been attained. .
in expressing the relationship of @ll physicnl factors: in’a ‘manner. . ..
vhich would permit accurate sxtrapolation. = At ‘the present time, .
therefore, to ocorrectly intorpret prototype.losses ‘from models, it - ... -
is necessary to resort to either of two'methods, (1) to'build one = .
model large enough to reduce visocus -affoeots to .2 megligible guanti~
ty, er (2) to oonstruct throe.or more smaller models to'different : .
sonles. In the first, the. transformation ocould be made directly by
Froude's law. 1In the second, the dats from three or more models . .
could be plotted with respect to Reynolds'number. : There would ro-
sult throe or more sets of ourves (one set. for each model) ‘on the .
graph insiead of continwous ocurves as shown on figure 36, Bagh -would . .
regemble the set preceding it, but would be’ flatter and located lower == -+ - -
on the graph, Lines ‘represonting similar ‘hoads gould be drawn through: = -
the three or mors sets .of curves and extrapolated to inelude the de=~ .
sired prototype range. - ST T T, S

one small model was used for the intake tower ex--
periments, the model=-to-prototype oonversion, for lack of .a better: .
means, was made for this ‘and .the following ‘experiments by the use '~
of Froude's law, Due o viscous effects -in the model, the corres-
ponding actual losses in‘the prototype williundoubtedly, be smaller .
than those indiecated by the graphs. '~ The actual amount /_fbi_?_- deviation
can only be approximated by plotting the..data by theilwo methods

shown on figure 36 and interpolating between the results, Tt gan
be stoted with assurance th ot the -detual . prototype losses will not ..
exceed those obtained on the model when the conversion "is mede ac~
-cording to Froude's law, T S LT

As only -dﬁe

E. Tr ash—,x:ack Losses

_ The loss in head through th‘e trash racks, with the differont
gete conditions, is represented by the differences between the three
Pairs of curves shown on figure: 36, These differences are plotted

‘@8




separu‘cely on i‘lgure 57 ond” show the ’crns‘h—rack 1osses dlrectly :f‘or,.{-
the various cond:t: ons’ of '.F‘low. e TR

It is sugges'bed 'bhat only raasonable ralinnce be placed ‘
upon the results of the trosh-rock tests. As: stu-bed prav:.ouul il the 7
racks were constructed to scele and exhlb:.ted ‘a commendable piece of
‘workmenship, but tue to 'bhelr m:.n:.atura gize," smnll :.mperi‘eotmns,
surface tension due to’ nuturul canses’ as well as that due-to tracss e
of grease on-the racks or: Oll in: tha we:ber probubly produced o combi~
nation of effects upon the results._‘ ‘inother difficulty was that: 1‘b :
was physically mposslble to construct. the 'brash-ra.cl-. bars: :Ln 'the
model with a degree of‘ roughnass s:.m:.lar 'bo 'bha pro*o‘bype. A

Tvio leng;bhs of‘ trush ro.ok were used in the a.bove tests,~

(1) a rack 182 feet in- length gxtending contimiously over both gates, = o

and (2) two racks 50 Peet in length, each of which' ‘protiacted one gate.'f_:
A detniled msnec‘b:.on ‘o the points i‘rom whlch the 1:1.nes were. drawn‘ '
on figurs 36 shows that the total losses throug;h “the. 'bc:wer for the
two lengths of trash’ reck ‘wore qul‘be u.nalog;ous for: 'the seme: condltlons
of flow, which 1nd:|.ca:l:es “thet - above a certain. lenp_;th, fo.ctors other
tha.n ‘the leng‘bh of the racks c‘eterm:.ne_the- losses through them, ;-'-“j

: Durlng the 'bests, ~t:he: only place ‘where ’cra..;"- co‘llected on
the rnoks was directly. in ‘front of ‘the geates, ' The:remainder. .of the'
‘racks were continuously clenn,. ‘Trashirocks are further discussed in-

this report under: the sectlon "Intaka ,ower Electrlc—Analogy Studles. '

F G—ate En’trance Losqes ‘ I'

The en'bru.nce loss throug;h the upper gata :Ls the dii‘i‘erenne
between the energy hend ‘at: the water surface’ of the reservoir.and: a.t
the bottom of the ‘upper ga'ba. “The trash roocks were removed bei‘ore
the 1nd1v1dual losses in .'l'hﬁ gtd:e tower were measured RO

“The entrance loss through the upper gate (:f‘:.g. 34D) v.s.s
comruted uslng the. equat:Lon P T R IET R e

where hg, = entrance ‘loss .'bhrbéug‘h "ch’e_:,{zpper gate o

ds ¥ difference in elevo.tlon betwoen the wo.ter surface in the .
reservoir and the wetor surface in plezometer 45

he(45.4) = pipe friction from piozomoter 45 to the bottam of
2 the upper gete

-g-é- = velocity head at piezometer 45,
89
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' The entrance loss through the lower gatg is the dli‘:{‘aronoo
botween the energy head ot the wator: suri‘auu of the: resorvoir’ and: at
the bottom of the lower ga’ce. Th:Ls 1055 (i‘lg. 34D) was oomputed
u,-ing the" aqun'biun o Con L DU e

heja_b» ds i hf(A-b) = -g_‘

whore 'lxﬁb = entrx'-anée‘losfé through the lower ga.te
dg = dlfférnhoo"ln elsvzrblon hetv.'een the water surfode :m the

reservon.r and ‘the wo.ter suri‘aces in p:tezometez' r:mgs A
to E, 1nclus1ve v , : :

hy (VA_-D) 51];-)6 I‘r:ction i‘rom elevat:.on 890 ’co the p:.ezomoters
S elow - o e

‘(

32’_g. = ve‘lpcity hesd oomputed ok oloyation 890, . |

.‘x“» ;

'The curves on flgure 38 show 'L'he entrance lossos comruted
for the two conditions of - I'lcw These losses ere- expressed in term_s
of the velocity haoad computed in the tower at elavatlon 890 0, and .
are plotted with respect to: Reynolds' number for’ the ‘modol’ ‘computed ot
the same pomt._- An additional - scale has bsen supermposed n' th:.a
grarh so that the en-brance los"es cm also =ba expressed in: 'cerrrs of
the prototype dlsohurge computed aocord.‘mg to Froude's law.; The .~
entrance conditions to the lower gate are slightly superior to thqse
at the upper gate. . It is ev1dent from the preceding explana‘u:.on ‘, e
that the entrance loss curve “for. the. lcwar gato, shown on’ figure. uS,
is the some as thet for the’ Lotal loss curve without trash racks,.
shown on figure 36, as in this case, the: entrance loss ds the tobal
loss. ‘In the case of the. upper gate, 'bhe ‘entrance loss is. smaller:
than the totel loss: throug,h th 'tbwer as - i'b s neoessary to dodact i

 pipe I‘r:.r-'tion. : SR ST - PR _ 7 S

In th1s analys;s, 1t was necessary to make two assumpt:.ons (]
o tha'b the veloeity used in- aomputlng; the: velocl’cy head in the tower -
" wus compiited” in esch o 1se by lelding the d:.scharge by the cross-sec~
tional area of 'the tower, It is kmown that the veloclty distrlbutlon‘
: in tho tower is of a complex nature. ‘ond.- *'hat 'the cosflficient of velo-
~eity is somewhat above unity, " This is probnbly the gresctest source -
~of error in these computations, and it is estimo.tea that the differ=
* ence between tho mean and true veloclty head dees™ Aot exoeed 8 persent,
{2) . It was necessary to compute the pipe friction in the tewsr in -
sevoral instences and this was done by roference to the curves on
fgure 10, The pipes from which therd cuives were obtained were
slmllar to the inner portion of the tower gand iy error that might
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arise from this source is small - comparod to the total lossss in the_
tewer, a5 in no oase did the- langth of ‘pipe ‘considered in the frie~"
tion ooamputations exoeed 2,5 feet or S48 diamatars. -1t is well to '
mentién egain that the prototype losses as shown on, the graphs are S
only appraximate.’ - N L S

Hssd Requlred tc Changs Dlrectior cf Flow

As Wstsr ‘enters ths Enues”ln nearly‘a horizontal dlrsctlon,
o definite foroce is required to produoe a verticsl aoseleration. By ,
meesuring the pressurss direotly .sbovs’ snd below each’ 5ats, Ak was B
possible to ocompute the magnituda;ff the foroe ‘moting’ within the" towsr.,[
It was originelly intended. to, obtaln‘thonhydraulio losses: through the
tower by observing the dszsranoe'mn slevation of “the wmter surface
outside and within ‘the tcwer“"*Th ;exis#ence of this foroe, hswsver,'
produced a rise in the watcrflevs] AAn- +he tower und made this msthod
of compuhﬂnon impructioal - g

. "The herd requlrsd-to change the dlreotion of flaw at 4'h@
upper gate (fig. 34D).with the: Lower. gate. clossd was found experi-,g.
mantally by uslng the follow1ng equat:on,:.- T

hoy = Hydrostatic haad 1nl t:f'water requlred‘to change
: the direction of Ifw at the upper gete,
dp = leferenos in elevuilon ‘between the water sur.aca in
the. ressrvolr and the weter surfaco in. piezcmetsr 45,
dy = leference dn elevatlon ‘between the. water surface in
. -the reservcir .and the ‘waber surface in- ‘the tower,
.hf(és_u) = Pips frlztlon from plszometsr 455to the_bottom
. RETRR of ths upper gate. S f e o

The head requlrsd to}nhange the directlon of the flow at ot
the lower gate (fig, '34D) with'the. ‘upper- gate closed waslcomputed 1n e
a similar manner, uslug the eqpatmon - g Gl

hp = Hydrostat:c head in fest of waier requlred to ohanga
“the direction .of flow et the lower gate, .

dzg = Difference in elevation between the water surfacec in
the reservoir and the water surfaoe in piezometer
rings Ato E, inclusive, ‘

dy = Difference in elevation between the water surface in
the reservoir and the water surface in the tower,

(Aﬁb) = Pipe Priotion from elevation 890 to the piezometers
below,

4




The head required to ohn.ng;e the direot:.on 