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Le Introduction.

The slbow: tyu
practice, was fmvored for ‘heeluz
reduce tbe 1n'+a11au10n co t

“ower Plant'

section 1mm¢d1a+elv be eath Lhe runner 'seemlnﬂly 1ns *nlflnant
change in the: hnpe ofa dr"f* +ube mﬂy have far-r ¢h s :

upon its parformance. It was ‘thersfore’de X
co“puraulve testson: mpdelu of var;ous,
laboratorv in. ordar

aucurute.-

"The teuts were' authorﬁze
and were executed 'by tha: W.Vn. Buf
laboratory locdted in the’ baaement of,
nrapnhoa and uth@Enthf Lreets"ﬂ Ve,

Research Englneex
Designing unglneer. 30 E
suggostions furnlshpd hy I. h'?eruor oi “the -1 lecurldalﬁDepa
and the splendld cooperwblon of 4'he hydraullc lnhorutory:staff‘

2. Purpose cf - Tﬁsta.-

In any me’ium or low-head plant thﬂ affectlvenuss of the
-draft tube in utilizing the.energy of the water flowing: through it
is of much importaonce becouse:every, oot iof hsad regained nny he an:ri'
apprpclable vaercentage alded -to the: operau1ng hcad of the plant..ﬂ




Wheeler” Dam, in genaral

up in every’ d:menalon.

these shudies ‘is- approrimately‘; f _
diameter: to depth of dra?t tuba 1sﬁ:

runner dlachmrge.L
“the - queqtlon of eeonomlc ba1¢nce

It was therafore ubgautcd that the oufflow
tube be ‘sloped upward.  Before: mnklng Lh1¢ chan*e
desiratls to: ﬁnvostlgﬁte the’ 11m1t'- ‘8

condltlons in thl" sorles of teSuuo-

tube dlschnrgo. .'

the draft tubs as one veloczty PA5585 through**he

much slower vuloo:*y, and ngaln 1ncreascs'uo Mnexrly

tube discharge VGL001ty as ‘it flows out: onto tho iri
guestion arises as to whother 'this is:a; 6051rablﬁrcond1tlon

corroctive mensures firom o .5 andp01nt of pconomy should bo'ccﬁ31dared.,;

'Thef%urpose*ofmthp‘ta ts ‘tharafore resolvos 1tself‘1nto
five different points. of considerations S

(2) To dotermine the Tost economieal 1ength,ror the hor1z0n+a1
uectlon of the draft tube,




“(b) To- QSLBTtﬂin +ho_
‘of the drwft tt

(e)'To. conparn +he ‘afficiencies
w1th1n the llmlbs dcscrlb

“(d) To: compare{uhn ‘
tubes wzth & pler

I(c) To- detornlne‘the effect ‘onrene gy.r
druft tube—oubflcw veloclty'uo baﬂleSS ‘than “th

In v1ew of he“m.ny phwsevg
it was necessxry %o bulld o tast>flump to. L ud
the dovmstream-face (of i : the._Jf
o part of “the rlverﬁbedeome°d¢stahc"
The space avallhble pernltted‘tnc s

_hu11+ﬁ

on the .left slde

left bank of the:

This permits the’ . ) )

This made it neceusa*y O bulld_'n L-shape .

at tho river: banx soma’ dlshunco downstreammfrom'+h‘

at rlght angles oxtcnded upstrP_m‘to the;fmcc ol the oy
B o.the mode of *h h

spaced ok 1ntorvals nnd wound on: shan whi 'L
‘af crenks, This- ‘mado p0551ole Ah ccntrol of th
and ‘at the some time permittsd’ HEhe {si)
‘ditions. . Tnc uequ’flum *1a” 1owni'

“The" water plllln”-ovor thcwquuutable wel 2d
a measuring Mblr box ofiths -usual tvpo.wz*hrujgoo Vnnotch e n“““
head -on the weir:was measured by means:of :an: ordlnary’hoqk AL, -
'quantltleq flowwng were~ca1culated\from the“hook'guwa readlngy*

The water supplj oame from: actank'ln an’; ad301n1ng roam L :
through a 4~1/2-inch siphon and ‘discharged’ through an ‘expanding nozzle -
onto" ‘“the floor-of the. sbllllnF‘box yith:a: mlnlnum of dluturbance.' et




fron the oxis rof ‘the:

‘and one was placed onfgach_blde

.:'beneath ‘the - flume -and - 'bmmontqopnectiﬁ‘
'The ta:l—gaga plezomeuar WQS'plac d “on’th

form to the 1UWGr,mnte rmnF
prototypq. Ahe crown plate»wnv mnch:n

nachlned threcelve the deflectof'vnn
‘weres of brass about 1/16—inch thlck.
“to a flat ring. made o i1t Yin the
ends were- aoldarad to the ‘ez ten ”
plate.

Four

radial, Eoch. angle snov

clockwise dlrectlon,
leFctlon.

,1'te"chanbeable
was placod an 1nvertcdhbowl to_ewclude"'

the st’llzng box createdt
was further reduced by b

downstrean f{rom-the.st

swung beneutn,lt.5 ‘was to.anable one

Thp purpose of éﬁzs'arrangemen

"to.read sthe water levels in each pot-and, 'sibtrack Fing the one' qwm SRS

the other, 5ot the'net herd dlreculy w1thou* ‘having ito bother: with ‘ E” 31-*
gage zeroing., ‘The- reason for using uhe mlcroneteL hook—gago s that
extreme :accuracy .Was necessary becau e:of small head dlfferart“als. i




& ’Mode‘ls-?‘ﬁées,te'd.l_f o

Five. ‘basid dia {6 tbube ‘designs ‘werelincliidea’ s
uCthhlPxO’ model ‘test nd. 7o ther desig r
abtout: the time . that: *he.orlglnal,schedul_f 6
tube modelp were . designated ‘as ‘tub:
‘numerdls f£ollowing letters 1nd1pat
as tube A-T, etc.‘ Model}tube :
tion, model tubes B and: RN ]
Authority and model | “tubes G, D, -and ,
‘used.for wuter turblnes 1n:hydro'ele tr

Draft tubo nndel
Tube A-I was the samenly:

Titbe A—II waa the sam . b
curved ‘upward Trom- the ‘point of ang‘ncy at ]
the olbow, “thus. ¢ncreaswng “the 1sckar"e_a “ea it
length - Prom TI0LT sguare. ‘inchy '

This was 54% grea tor Lhan “tub

‘Tubﬂ'A-III wasl
Wa.g 1ﬁtrodured 1nto the hof

.3—(\}!‘ -

l?Ol‘lfu&

Draft tube model,B 1s}shoun n il
-designed by the’ Tennesdsee’ Valley Author1t3
Prineipally - in that ‘thrihorizontal.: .section
slope and ‘the “hreas ‘are Sllﬂﬂtljuluss"thﬂi
tube A, It will ‘be. seen : ‘that theiarea .cu’
throughout ‘the greater: part ol,rbe‘\lbov
“tube is showm- 1n.f1g. 18 to Tiga 22 7inc

Dr%ft tubc moﬂel :
similer - in most: respects to tube vA
the height .at- the downstream end’ofthe
in tube A, thus . restrlutlng tbe area'

\\ in the - area curve. I

Draft uUbQ model D 1s shown in flg.f°9 Ml 
also similaer in most respects - “to "thé tubses described,
difference being that the . helfht ot the downstr

is greater tHan that in uube A
curve,

'“hejprlnclpal
eam end of the e1bow
Th1s 1s clearly shown




raft\tube modal ‘%

: ;Q;Draft:tuba’mod
of thls tube is 1dentlca

i ‘oof:except Lube, :
.plane was in 4'he same’ poslilondas “in tube A Tarelat ve
Thls'ns ehoun«an flgs”" : 3

: " Consxderable
models“due o swalllng
end J'h.c- JOlnts ‘opened i shie)
" These cracks prcducnd counter flowa i F he
of the- models. “These- were - corrected and‘ohachgrun.‘
thas true perforchnp
‘Pplaced in the ]Olntoﬁ
.from flow1ng througn?

tecl r:n"s,pr'col
:side of - the oer’ceccas+1n
tlght seal.‘ These rings

give en ﬂverige valne, s Plﬂced a’ong the ‘xtended; ont erl ne of-
‘the draft tube model -on £he" olope represeﬂtlnvdthe 4ailrace’ xcavuf
“tion. A;other OW SWOS plnced An- llko pos;tlon .on the .genter ine; :
of an: adJacen unlt.,.ﬁ' koth: gave thp snmo,"esults the onef 1aced"
along the cemberline of: the opernt:ng ‘unit was used in ‘those tests.
This row-of :piezometers was ' connoct%d to .a tallwater hook-gage.:pot
mounted upon o swinging bracket with the head water hook-gage pot:
‘as prev1ously describeds  The lotter was connected to piczometors
‘located onc . on each .side of the head’ bay just belowr the . stllllng
racks as proviously descrlbed. This arrangement is shovm in fig. la




5. Procodure.

The nead over “tho measuring
ol an ordlngury(hock—gago ‘reading
staff and in- thousmndths of anoo

alcng*thc
-each to a mnnomacor uubc.‘j;
graduated: jgfomotor boardff‘
trollied . by/ﬁcans ‘of
e : - i
”i%:. In. order 5. arrlvo "L oA ba51shof conparlson for -tk
ness -of the various dralt: tubcs,”lt aOGmCd bostito compare”
*’efflclenc1oo. bcthods of sarriving -at the efflclancies”b
were ‘investigatod. Thoso:met thods, ‘or:Tormilac
derivation that.certain:data, which wuuld not:
in the: orlglnaluset—up ard,wlth the tlme e
to compute -the:absolute: efflclencles,of
.re“erred to are- fullv dlscussed 1n1‘

’ccmnarlson of: eFflclenclpsgof “the . draftatuoe _and,a th' coefﬂ1c1ent,
of -discharge" (C ) would .give -the 'some’thing, it was- declded‘to ‘ :
make “the comparzson on the‘baals‘of *he latter : ¢

Runnars, of ;the cor‘ent¢ona1 a631gn Qhﬁopéfﬁtlng atinr.

near -the point of ‘best efl ic encv, dlscharge t ) water 1n an‘axlal

direction. When- over—lodded,*the discharce s srlral Anras dlrertlonﬁ;”“

opposite t;wt of -the rumner: and“_lee versa. when Lndarloaded ~As o5
_runner was used in 'these ‘tests, vanes : ‘were-set .in the crown plute as

previously described, and-as. ahown in Tig.:2, ‘for the purpose-of . "
simulating the - dlschqrwe congd: tlon of ru&ners operatlng at v1r1ous




antspesds
ixed ati09; 1159
; were - svmmatrleal ‘the- vanes‘
2 clockwnse dlrﬂctlon cnlv'

The - coelflcnent of .
different vare ‘angles ang for
about -2 :feet: iper ‘second o7
normal model - VeloGltV‘Wﬂs G
normal VBloclty of’&”.feeto

£ 't;venﬁss
‘veloclty above a cert ' \
was selected asiq - p01nt at whlch‘
madel draft tubeq in *hese“

Td.klll”’ .Vz a.‘- er- (
plottad against. vare_anrle,*n_degfees
Ticient:of discharge ‘rom . the ddraf
ranging . from Oo‘walrl up it 9.

- : -.701lcu11t10ns;wcre mode
fparison}bedischdrgéycb

at 54—Loot,.77-loot ang ;X

insofar-as” 1t Tras . con51dered adv1uab1e* C tea

‘A comparison ‘theﬂpnrformance of nll draf

“twe ‘plers-at’ 77—fooﬁflength ‘excent’ tube )

a comparison.of all: rdraft Lube.modelﬂ tPQtEG‘WAth
iT?ufoot lengtﬂ 1s shown 1n flg.ﬁ

the outflow: nafsa*es were' ‘riised four!f ‘ {h3
to reduce the- necessary unllrace excavatloﬁ bv_ n
‘floor representlng the tallrace ' i :
correspondlhg ly:if
revaluating’ the;ﬁewlts

An thn case of - tube E,

-8, Performnnce of odelg.f

The nerformance ‘of ‘edeh. model 1s_repreoented graphlcally ,
First the. dﬂscharwe cOﬂfflclent (929 was detarmlned from the’fohmula“;“

n
L

2 o8




where Q is- the quantlty of water flo
of the draft tube throat 1n squar
model, '

plotted againsgt ané'
for- each.modal ested

that of tube. A*I n flgs
in figs. 13 and l@,[ana

. The Pe rfo rma.n ce :.,‘o“;f-_'f 7tub 4
inclusive. O

The perfcrmance

inclusive,

“The perfo*mance of
inclusive. :

and that of tube F—I 15 uhOWﬂ 1 ;figs;

o

Ir“dr&ft tubeu
vPower Plant the vtresse

and F-Iﬁ T rowiof plezomLtela s placed'ulonrlt:;ff’”

the ‘roof ard one ‘along the center line of He"floor

tending from the outlet back: throughrthru““ .0

to -the throats A row. of_plezﬂmetewﬂ-wns alsofp d'“in the,roof of

each of - thew"loe paosages of “the’ hor;zontal gectloh. ‘ ‘ i
Pressure readlngs wWers taken on each nodel operahlng_atmg”

normal discharge of 10,500 c.f.s. and at 0 1o°, 30°," and .45

angles of whirl., The pressurses. recorded at 0° ang lbO‘WhlrlS ware:

so nearly elike that only 02, 30°, and 450 angles were plotted

.




The results for bubo A are shcwn 4n,f1g. )
fig, 52, and those ‘for F=I'in flg- 55. ‘n_
the changes in prassurq an’ the side’passageu
1ncreuses. ER PO

cccur, thero ic a pnlzng up'Of ‘honalnf. c
water fails ‘to flow tha.surface of thepassage ‘wall
indicated, In studvlng ‘these" nalnt Lestaf‘ I
that the flow lines 1nd1cate ‘only: the surfac

the internal oondltion "mav be entlroly

B, Tailrace Tlow uondltions.

In- order o sLudy flow FOﬂdli
the river bed as the water leaves itho g
of the water surface were made,. Aﬁpcln* Bag
it could be-moved to any point <in. he'tailrac
profiles of the'botbom of - the ‘modeT " teilrace "were
each of the three draft tube outlet passagasf,,
profiles of the water aurfane viere ha :
The averages of these profl?es wnr‘

- The flrsf cond’tlon was
-2t the normal dlscharge of 110, SDOﬁ
1a t bank._ Tho river: surface Va8 e

is. shown g-

Fig. 55 shows Lhe profllm of the tallraco under; samo-: condit&
excopt for a retwining: wELL axtending otralght downat :
left side of the draft tibe outlet,
water surface for: unit nunberrth:
10,500 c.f.a.'w1th rlver surfac”

Tests weve ' mado o detefmln‘: : oNs
with eight units operatlng ‘ot hormal dlsoharge and with'the
surface at various elevatlonu. Fige 57 :shows" condlulons wath all .
units ‘oporaking at normal. ulacharge w:th wriver surface 8t T~".I.w. 505
Elev. 508, and Elov. 512, Profﬂles ‘were ‘Gaken opposite each icf the "
three outlot nassages and the avaragos of these reudlngs plottad.;>u

Jhon only nne unlt is . operatlng, +the water S0 spreuds over
the river bed as it flows Prom the tailrace that. it is difficult to
determine the velocities, From observations on the model and from
the profile shown on fig. B6, 1t is apparont that the v01001ty is
very near the critical ot a point in line with the draft tube outlat.




second fect oach, ‘and tho rlver‘s‘__ e - 0.t
hydraulmo 3ump ogeurs. Just bolA_;‘“lﬁ;j

) “5neréas ng
it at W:laon., Thls ral ulon"ls shown 1n»f1g '

9. Conclus:oas.!

Tube B and tube F are 51malar excwpt for‘Jhe

sections, Tube B has a 'slopsiof about’ 13°‘wh e'tube ]

18°, The ‘curves indicate ‘thit “tube F is slxghtly off in erfor
when conpﬂrad wuth tube B.. Th;s nay 1nd1ca te ! thntithe uppéf lbpe

that the nermlsslble slope depends & great denl uponh he &eslgn of :
-the elbow sectlon and - *hat much may be galned by an. 1nVest1gat10n of ..

It may be seen from the Coefflclent-Thro&t Vé;ocltyicurves, Jf”'ﬁ

that a very unstabls cond1t10n developad when “the throat welocity
reached & valus .of approxinmntely six feet per second. A great’ nany
check runs were.made at this point %o deterﬂlne‘une reason for this
break in the curve. It wos concluded that the cusp was caused by

- vortices which formed in the forebay.and extended .into the throat.

7 of the model, To correct this would have necessitated a mejor

11




' “
Tt f
]

65, ‘56, _and 57 oy e added e ’the“‘

~of hllson Dan.w1thiv certaln

Ly

alteration ‘in ‘the flume; A better wuy ‘ight‘hnve bean to use vg at
o higher valus ‘for the’ Cg-Vane Angle” !

sitated ralslng ‘the hllght -of ‘the:
for Vs,

_ As tuba A-I and Tube
vrith ‘two '’ plars, At wuthhought
and two pmnrs alsn.-iTube’ :

required: to supply the anergy fo the k&draulac

“heeler Dam a lesser: amount
It may be seen-from- tho ‘ourve iin gy g58 tha
to be .gained by ralslng the pond'”lev’txon o
four .feet, =~ e
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4, FLOY LINES PHROUCH ELBOW.
459 ANCLE,

B, FLOW LIZE3 4T CUTFLOY.
45° ANGLE.

C. FLOW LIKES IN ROOF AND FLOOR.
- 4b® ANGLE.

PAINT TEST ON DRAFT TUBSE i{ODEL A-I1I
SHOWING DIRBCTION OF FIOW.
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T or

formulas, The quantitles neces

officicncies. The relutive afrlciency“o‘_

kinetlo enorgy a

va1¢able at draft tubo entrance

uork dono by the draft tube
enorg; available to du "ork

"Two methods of ‘deriving the afficiency formnla are given. The ’

Tirst derivation will ‘be similer to thatzusadjinrdnriving the .of-

ficiency formula Tor the draft-tube-model tosts made by Mr. I. A.




jWinter at the Alabama ;ower Hfi E

-summer or 1924.. Tha formula,,r

'z a coefficient ‘for" thi
“the draft tube attac_

“dral t tubc attached

,__.hoad;required fér dischargo Q2 through :satup
-;draft*tube attaﬁhed'::w__

':hydraulic radiﬁs/

‘fkinatio energx

¥un1t welght -of. water i
P S

N
o

‘gravity
axinl velocity dt varlable dlstance T from caﬂtor'?*~
of oriflco - e E e

tangontlul veleclty 8t varlabla dlstance T. fl”m S
center of ‘orifies -




.= AVB : CB L / gl}l

Bouetion (1) gives the rclation of head o - dischurgo for tﬁe;drifice

withsut the draft tube attached. Enuatlon (2) givas tho relatiﬂn of
a




Eliminatina h and hl be‘cween Equa"bions (

and (") results An

$he formula. '




the efficiei;é?j ‘

v




:whlch states that the head h 'on the"nifice¢w1theut:a;dra:

at tho orlflce. Ix also implies

words, to obtaln the coefficiontec tho oxifice shoul discharg into‘ K

l

B large reservoir «nxsuch =y manner that:no additional losqe= occur i 3

due to friction aetwaen ths orifica and the tailwater surfacc,:wAs ’

1.

this is not tho case for the - dhecler draft—tuba—model tests Cl will




given velocity.y Equat:.on ('?) may ba writt.en m the vfo:un




Q, vg and V3 are=known Ez 3;may

E" - E' Will be negleoted.z Assume;thatcxsa quals lflit

waelue. From thig Equation a valuur

reasonably sure toxbe a mlninum.‘ AS E“

minimum value.‘ mgking the assumrtion

°Dndit10ns of dlscharse und vune'.”f 3.

estimatad _

mated.

and amounts to O 162 ft x[mode]: :H‘:

of -6 ft. ner sec.lmgdel.r Thls rasults n

gives no additioral infonmﬂtlon as xhe v‘ ue

which is- imposslblc. Prom the draft—tube-modelntcstb the muximum{;

sidersbly lowor.




. {CONCLUSTION

1nto ‘a lerge reservoir bnfore ﬁ(l

expense were tﬁhan to obtaln X ,/3J‘““3* t .,'the aﬂtual5 fficie ciea=

of the draft-tube modsls rith wanos, mbovaJthem”would ba daterminéd

As the prototype draft tubas hnva runners above them, it would ba impi'
poasible to predict thclr correct efficiunclabqbecnuse of the lack off
similitude nbove the oriflce. At best comraratlve efficienﬂies u0uld;
be given for th: prototype. Gomra"utlve afficiencies: cun bo ohtainad?
from the C, coafficients, ‘thus oliminatlng the nacessitJ of dotormin—w

1ngs;¢,~.l, Gy, ete.



cannot ibe obtqined.




