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1. .Purpose ofTTeats.

draf't tube in utilizing the energyi_r th:x

red up in every dimension. The runner discharge diameter uonsidered:

problem of exravation ror draft tubes‘ n the ra;e

a serious one. 'Besides,~ s propo ed to use propaller or Ihplan—,h

discharge. This raises: theﬂquestio" o.ieconomy

very low and this fact togethe“‘with thu lurgp SiZu or.ﬂie.;unnérQQVf
maka great depty - of nxcava*ior necessarj ’or ‘the draft tuth.‘gIt-,
was thercfore suggested“that;tho‘outflow:and;or‘thcrclbow @;argf‘
tube be slored upward. ‘Eofore‘this is donc 1t was thought desirgblea
to investigate tho limits of this slops.

‘The ufficioncy of energy reguin fram the high voloeity




officiency and perrormance.~ Amongvthefdrart-tuba dosigna' meitted
for Wheoler pomr plant-., som SR Lo |
samo show twpapiora._:‘”

sign 'is mare desirahlé;:”v

drart-tube dischurga., "hia'create a onditio

whother confacti__ve'moasures rrom a standpc‘:int;of»oconomy
considurod, R . e
The purposa oi‘ the teéts thorofore aclv
five ditforunt points of considaration
(a) Te dstermine most aconomic'l
of draft tube. L '_ " :
{b) To- uscortain tha offoct o; sloping tho horizon __jébéiioﬁgéf:f;

the draft tuho upnard beyond certain limits.,-“

(e) To compurc ithe - afficionﬂies of - varioua typos nnd deaigna

within the limits doscribad jn {a) and (b)




{d) To compara ‘the perfcrmancc ot*tha vnrious typea of drart

tubea with 2 piera vs. 1 piar.f,

That is the tail raca excavatién spillsiits natarrbotn downstream

and towards tha rentar of the river.u This made it~nevessary‘toff
build. an L-shaped woir. Ehis weir started;ét the riverr ﬁnk‘BOmﬁ
distence downstream rrom the power nousifandwoxtendud on equal dis—‘}?
‘tance beyond the power houso and than tﬁrning at’ right anglos sxtondod
ups troam to tho face . of - the dam. (uac Dwg. 232—D—578).” “The upstro&m
edga of the welr was hingad to the model of tho- rivcr bed whila the
lowar odge was reised or lowered by meuns of oables spaoed at inter-

vcls and wound on shafts which were controlled by menns of cranks.




the prototypo. The crom pla.te _‘ns muchined to

angle - -ahown was tumad on “tho arc of 8 E;ivon rudius trun xhe

91' the orifico. 'Ihasa °nglas waro tumad 4n - a: count.er-clockwt.as

4




rrom ma piezomutor to thc hcok-gage pot : :

the other, gat tba net: head dirnctly

gege zeroing.

3« Procedurg,

Five bnsic draft-tube 'de.signs ‘ware 1ncluded in thr.se tests..’"-‘

Cne of those was designed by :the Bureauy of Raclomtion, onn was sub— {
mitted by Tennessope Valley Authority and tha other three rrom desim. ‘
5




and 15° vanc anglos. Tho :eduction 1n Cz for 500 and 45° vanefanglea .

418 dué to intorfercnce .1th-mhirl caused‘by thf aplitter.

.All drnft-tubo modals rere mnde of ~ood to facilitute Gonq

struction and to make nlterationa euaior. Tho ulbor soct*ons vore
split in e vertical plane through the yransverse centorline .of the'

6




unit. The hcrizowtal aoctio___,w

modals dua to:uwolling. The wood awellad‘whsn qubmf ged: tn wu‘erll
and the Juints opened up mak;n ‘Pracks dn- thc“draft-tuba modcls

Thess rracks producod counter':}i‘lowa Wiien: arrer-ted the ufficiano_{ﬁ

of the models.

tain the truo pcrformanco oﬂ tho model;

TaCE oxcavation. Anothar Wbu plaﬂedkin”likelpoa tion cn tha ranter—i

line of an adjaﬂant unit. As bcth gavc:thg SLma rcsults, the .ono| §>'”

0 :
; : ,J‘.‘

placed alOng the . cantorlino of thu opara ng unlt was’ u5ud 1n thase L

tests. [Those o;enings ware conncoted togethar and to .0 tail'ater-f's
hook-gage pot mounted upon e swinging-hracket wixh:thc hecd-weter

. . j - ; ,
hook-gage rot. The latter was conneected to plezometers lo:sted .one

on euel side of the head bay &s previously described just below the

7




stilling racks. (See Dwg.‘ZSa-D-578)

nvle welr,

i
5

In ordertto arriva'wt

baais of compnrison ro

fectivenesq of tho vwriouo d‘uft tubes as su“h it soomed bost t

compare their absoluto'orficiencies. Muthods of nrriving rt thg gf-5f*f'

=

ficiancioes of draft tubos wueore invostigutud. 'Ehosucmaxhods.:pr“ o
formulcs, indieatcd in ‘their dorivution*thnt eortain dnta, which.
would not be prceticoble to obtain in our present sot-up, would ;be

required to compute the Rbsolute efficioncies of draft tubee.‘ The ‘
[



I
f

f

.
SR
forumlas refarred to.

report.

‘medal: va10ﬂitj io

4 feut par seﬂond to correspcnd to nonnal velocity:

in prototyge.

for eaxh draft tube test. .As it is gencrally concodsd thatfqz.,and

ther:fore the effcetivoness of the draft tube, 1is independent of .the"

12




2 piers,

lengths, Sheet ho.:36 shows al Fomparis

‘ing this.drart_tube.
fIn:ordsr:tblstudY flow-¢oﬁdtt1bn’in‘thé failéfaéb éﬂdionf;l' o

tho rivor bed as tho:.watar: leavas the*tail 808 - oxoavution, rroriloa

of tho water surface wore mado. Sheet No, 37: shows unit No.:l,'

operating alonc with tail water level at Elev. 505, sheet No. 38




T -tion. As the tall water level risc's h hYdraulic‘.jum:"" oves



4. Cunélusions."-'

f’7

craases its erficioncy.. It ia doubtful

this Egrticular design of dvart‘tube.— Furthar

in the ourva. It was coucludcd that tha‘cuap we

Tlune. A better way might hnvo bean to uae Vp at ‘0 highe;_value
for the Pz—Vane Angls Purvaa. This would huve nanaesitated raisins

the haight of the flume ‘to give thc roauirod valua Tor Vﬁo
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whEl RANDUN ON NEH‘@D CF

rom*um'"lon or mmw-mm mxcm m,

-xV.wL.Vst:éotéi)ﬁJunidféEﬁgiiébrig

.This mnmvrandum 1a a: disvusaion;ofa“ art-tube-affirioncy

formulas, The quantities nocaqaazy&t b_ﬁ

cnly thcso data worc procured whicl_woul

africiencies.

kinotic. energxﬁ ancrt d 1nto r“cqsu-. -nergy EUREAE
kinotio ‘onergy uvailahle at: draft-tubu ~ntvunce P

vork deno by the draf't - tube _
. tnorgy . avallable .to-d work _
Twc mothods of deriving the sfficloncy formula are given. The

Tirst dorivation will te similar t) thet used in deriving the of-

ficiency fermula for the draft-tubs-mcdel tests made by dr, I. A.




3

Winter at the Alﬂbﬂﬁ& Ty uor Ceruny Hydrnulin Labﬂrutory*during*thei“;”

sumner of 1924

for the Alnhama rouez Pcmpany. Thu qocond erivation was‘“orked

| ooafficiant fur tha ﬁririco vanos

“tho "draft itubordttachsd, Ve

“vane: angle -Pnd dis#hazmcb~'”"

ﬂa hneffiniont fﬁr‘th 'crifico.an -drs

Vvaries fer: dirforﬂnt ar anglcs dihPhJTSGS rand
drnft tubus : L

‘hend roquirod fcz diSﬂharg Qﬂ,” hrcu
-dra,t tubu attuﬂhed

‘Eond required fcr diﬁchnrgc Q, through;sétuph{r‘
:drurt tubo attqchod S ik T

hYdraulio radiun{iij': 1; i}

;kinatio anergy L

unit veight or aater

gruvitv %g,‘“ f"‘ 1 Py

‘axial voloci ty atuvAriabiogdiaténcéz}}frcm;doﬁtara';“
‘of.cririco ‘ - ' v D o

tangontiul vclccity at variablc distanco r - frem
‘Canter of (rifieco




‘ radial velccity ot variuhle diatanro * frcm
of orifiee S

7 vglocity diatrihuti‘
-;rdraft tubn attaoha

voloelty: distrlbutionnﬂbofrioidnt"or ths: orifiﬂﬂ'
-unithout draft tuba cttucncd ] :

*velocity distribution:coérfinioat for. dewms treom
~ ‘of ‘draf't ’tuba : g

“work dono in unitgt me

;effiviency

,}lcs, dug’ to fricticn
withcut draft tubc attvched

required fcr o given disrhurgo through

1s always the head- with nnd witm.ut tho;.dr ft tuba attnched undar the:“ S

same ccnditicns of. diaenarge azd angulnr rctation.;f} 
W1tb ‘the nﬂtoticn s givcn n p"gcs 'hnd 3 DnTRET
Q = AVn = GlA /%‘ -_ : (Y
Q@ = AV, = u(‘-g'l /E R £
Equnticn {1) gives the relation ot hoed te discharge £ the ~rificg

withiut the draft tubo attuehed. Equation (28} gives the rclati~n of

I




The draft: hoad h “- hl, is obtuincdiby‘ onv‘rt1ng 1notic§enurgy of

where T indicutus tho radius of tho oriflce oponins- 7Th0 @#F?Q5§;onl i

for total kinetic ancrgy mqy bo written

_nf'ncfeésihg:ffb

that work,

om M _ L Malon) _ hlgy
FEOIEw T =
N To g

ﬂnd}(3) results‘ih

Eliminating h and hl between Equntions (1),,(2),

the formula

P N z '
8 = 1 ( 1
og
W‘l.




the effiriency is i

; vaz (- A

df;fice;igr

e d ]

vy
>

7R
_ 4+ Ej.p = hy)
Z_ R

- —r
. V2

Sr———




values of the r'on-;t.ant.s B' and !

which states” trnt thc hoad h on thc. orifiro '.ri_thoutg

attached is complctal:.r utilized 1n ovex coming f‘iction frcm ha hnad- ;

water to the orifiou, dnd 1n building up 1:1'-:: kinutic onorgy uvailablu ‘;.‘.jﬁ'

at tho orifice, It also lmplien ‘tha: assumption thut - "‘"’l" In ot,ngr
words, to ‘obtain the coqrficrir.nt‘cl ‘thu:orlif‘ico,shoulda_dischargo ;131:0
8 large resarvolr in such a -manner that: no additionu) losnes or'uur
dus to i‘riction batwoon thc orifice und the tallwater surfucc. ‘&B

this is not thc cuso for the Whesler draft-tube-modc)l tests .Gl will |

6




have too small'a Vﬂiuﬁ;i?"‘

nMATE OF EE. VALUE OF'“*

Without thc drart tubc atta"hod

by substituting 4n»ror~d tnc diamnter.

tions throughout the: drart tubu, tn?af”

ordinate nga1nst L, th distanne o“‘tho sc*tion rrcm tha cntrunca

measured along . the centsrlinc of the uubu, as absrissa.

: Tha urea  ‘ 'f

undor this- Purvc is:an estimatc cf *ua-loss duc to! rriction 1n tha

draft tube. ;AS‘flo

ccndition% aro very irrogulu" *ithin thc’tubc,-

this may safcly be . takon as ‘the. minimm ioss dae tn frirtior for the :

given velocity. Eguation (7) may be written in the form




A3 Cy is: also too smnll ’a mnxil‘

mated.
cf<o ft. ‘PeT ‘Sec.: mndel.

1.45 as. c'minimum For thevvane angles or 300 aﬁd.45°‘thillwbawﬂ .
gives ne: addition_l inform_vion, as the value comss out lmss thén.l f
which: is im;ossiblc. From tha droft—tube—modal tcsts the'max1mum );2
value of -the. arfirienuy 7ou1d be nbout ?6% fcr tuba B, 2 piars 100 rt.

length (rrototype), while it iq pzob hle tn*t +ha: efriciancy 1& hon-

siderzbliy lower.




draft ture ﬂith two piars,fn_f

ing only,wr ;5. wuuld ha :t ]east 9

volved in meaau-ing VG10ﬂ1ty distribu 1onf‘oerfieientt:prohibi their

distribution coefficient,h(l,uaaﬁi& dls6 “;'

same method a8 the: dotcrminatlon of

“.uhe lacki?f
similitude above the' o"ifine. At Lest- Pomrarutivo efriuienoiaa ﬁbuld'
be given for th:.;rototypa. Uom;a rative . affirioncios enn bo okt‘ined
from thc'ca'coerficients, thus aliminating the nocessity of dotcrmin—

ing-x_,-{l, Cy, ote,




m.y be saloctod os better th.n Jnothcr

ennnot be obtnined.,




