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• ., ~ j DA~,~ DRAFT ,TUBEL~TS _ 

i. Purpose of Tests. ,~ - :, . 

In any: medium ~:or "low-head .plant ithe~effentlveness if:of tthe 

draft tube in utilizing the energy~o1" ~the~:water ~flowlng :through •i:t ' . ; .  - ~. .: 

is of ~ch importane.e -because ,every.~fo0t:..~of ~head :regained :imay.be ,-an ~: 

a p p r e c i a b l e  p e r c e n t a g e  added . p l s n t . ~  ~ /i::i~"~/ 

Wheeler Dam, :in. general r .Jls !.the :usual/design ~.of :Icw-head ,pkant ,steF.,-,./ 

ped up in every dimension. ~Tne runner:disChargedlameter,consfdered 

. . . .  :::;- ' (:i 
in these studies is apI)roxi~a~elyl,22-1,/4t:,feetamd~as ;.the :ragio /Of. " >, 

discharge diameter to depth of draft .Zuke i ' " • s:~l.~.2 to)l:P,;5, Ithe .' . - , u . ~  

a serious one. :Besides, ,i ~ is ~proposed ~to~use ,propeller or~Kaplan, . //:./,~:.~,~;~ 

tyT ge e~.w mt high i ties./ "~ ::~ :: e runners, which.disehar ~th ater we oci 

Available,draft-~ube,test.,deta 'indicates:~,thaz soma ~> " 

• is recovered by increasir~ ~:tho length/o£:!t ,:sec~lon..of : . .  

"i" ..... . t  , : . , ~ ,  ~ 7  ' ~ :  ~ . :  , ,  , : 

an elbow draft tube especially, at .'high ::.angles ~:ofi ~w~irl ' " 0at- ' : . t~. ,o  : , r u n n e r  

discharge. This raises ~the ~qUestiOn " " : " " ' . o . .  ~econo~y jdn"~length. " ...- 

T o  reduce ~ cavitation .to. a:mini,mm ' the :runners .,!are :set 
" <" 

very low and ,this 'fact together ,with the largc.slze of :the ,.runners. 

make great depty of excavation:necessary "for-the draft:.tubcs, )It 

was therefore suggested that the outflow end ~of ~.tho, elbow dra1~t 

tube be slo~ed upward. Before zhls i~ done It wns thought desirable 

to investigate the limits of this slope. 

The ufficlency of energy regain from the high velocity 



~o 

a t the runner ~ dl sc barge ~b elng ,the ~:cr i%erlon :~for :all ~ ~th ese ,.tes ts d~t 

was necessary  .to ta~et  t h e  . v a r i o u s  ;.',typos ~undor':~va~ious -~co~di'~.tl°ns :for 

efficiency and ~performanee. ~Among i,,%h e ~!dref%:tube~'doslg ~ s ~ i s u b ~ t t e d  

for i"£neolor power - :plant ~', ;somo :~:sho~: one ~pl er .-iin ~the ~draTt ~%ubo ~smd .... 

some show ~ o : p i e r s  -The ~ q u e s ~ o n  ii~h e r o f o r e i a r i ~ s e s  :ie~ ;,to 

s i g n " i s  more desl~bla. ! i:ii!ii!. 

The ,river :' channol -~immedl~toly !i!~ 

very shall~, so that :=hon~.all'~runners i:e 

city the teil~ater at%ains ~her :,vdloci%~ ~ 

d r a f t - t u b e  dischr, rg~. This ~.creates .!a.~eondi~ion'~such'~that ~tho,~ater• ~: 

sees ~hrough ithe ~%all .race -: 
leaves the draft %ubo a t ~ o n e  ~ 

draft-tube discharge ~ v o l o c ~ t  ~as:~,itt l i f io~s ~°u~:On'~° " i the i~ i~r i i~bed~  - "~i 

....  cond  . ion : o r  Or 
T h e  q u e s t i o n  a r i s e s  as :to-:,-~ether :~%his ~iBr: , "~:':~.~ " ," . /  

whether eorrectlvu measures :from a .:sta~dpolnt-~:o~. . , econom~ .... . _.. .:,~:.: 

c o n s i d u r o d ,  - " ' ',~,~ 
• 

• ,of 'the ,~osts -!,th The purpose orefore:~resolves .:i~se~f: %0 :. ' i: ~!i 

of  d r a f t  ~ube.  . : -  

( b ) To'  f, scor%a~n .~zo . o f f  oct  :of  .slopl~-~tho;:horizOnt~..:.section ~.c~ .": 

the  d r a f t  tube  uprmr~,t:beyond c e r t a i n  ~:i~amt%s. " ~ 

(c) To coml~ro ,the e£flcioncies o f  -~veavious :typos ,and rdesiE~ s 

nlthin the limits doscrlbed In :(a).and (b)... !~; 
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(d) To compare the-performance of ~the~various,t s of, , ; ; ..... MPe draft 

tubes with 2 piers vs. i pier. 

(e) To det~rmlne the,, effect on~:c~ergy',~regaln:~by,!al:iowing.~the " 

draft-%'ube-outflow velo~it'y , to~be  i ~ ' "~  " " ~ . . . .  ' " '  : 4 7 rL ~ ~" ~' ' I : '~ 
~, ass ~than ~.the ~ v o l o e l ~ y ; ~ o n  ~he : • 

river bed belo~ the power plant. ~ ~ . . . .  < .  , . . 

2. Flume Construction and Equipment. ~ ' ~ .  ~ ~ : - ,  ~'~ " 
• ..... - ~: ~ 

In vicw of ~the ~many ~phases L~to~tbe ~:investiga~ed ~in !these : :<' 

tests it was necessary zo ~build a test ~flume ~!to ~include~e mddel ~to 

s i m u l a t e  t h e  d o w n s t r e a m  f a c e  o f  . t h e  ~ p o ~ r  ~ h o u a e ,  ~ t t  * " "  

i " 

c a v a t i o n  a n d  a p a r t  o f  ~thc r i v ; e r  ~:bcd ~ / s o ~ ! , d i s t a n c e  • i 

t h e  p o w e r  h o u s e .  T h e  Llable/:permitted-~the~use!:of:a!;%fluma 

in connection with river bed~and !itai~l race model.:to a ~scale ~.of.l:50, 

The drart-tubemodels or :built,  t0 . alei 

On the prototype ~he water ::discharged :from :the ;wlxeels 

flo,~s both downstream £rom the ~pcweri~.house and/iparallol ~tol;:l~t. / 

That is the tail race excavation ~sp~lls ~i-ts ~rm~er iboth~-dorrnstream 

and to~ards the center ,of ~the iriver. ~ '.This im~de /it ~necessary ~to• ~i~ 

build an L, shaped weir. ~This ~weir~started 'at ~.the ~river ~bank~,some 

d~stance d o ~ s t r e a m  f r o m  .,the power.,house~ e~d%~.ox-tended a n  e q u a l % d i s -  
, ,  { - . ~ • 

tanee beyond the power house and then ,turn~ng at ~right :anglos }extended 

upstream to  the face of the dam. if(Sea DwE. :232-D-578). T h e  :upSt ream 
r 

edge of the weir was ~hinged to .the model of .the river bed ~,while~the 

lower edge was relsed or lowered by means of cables spaced at ~inter- 

vals and wound on shafts which w o r e  controllQd by means of cranks. 

3 



posslble %he :control ~of ~%he !%ailw~ter ~hei~t ~nnd at the 

same tlme permltted.-the '~fl~w~t01)ei~-~la%e:~pr0t0Wp e "c°ndi"ti°ns'~"!i~:!: ~ ."~ 

The ' ~ater : spilling .:.over:.~the~adJusto~le ';weir ~:wns .., ...... 

into a messuring:weir ~box ~:of-~.the .~usu~l~t~]Pe :'-:~rl~.th JgO° ~ ~V-nOteh ..~Qir.~ .,~.~.. 

,, ordinary ~ hook ~:~ng e,,. . the headover which was)measured ~byme~ns :of.ian'i/ .... : ' ...... " ......... 

The quan%itles flowln@ '~were~:'calculated ~frcm:'~tha'~h~°0k~ege readinaa~~-.~ :~ 

water supply" ' ::::" 

through a 4-1/2-inch. siphon ~nnd :;'::: 

zle onto the :floor of .:the:Stillingi:box~-wi'.th~.:ml~l -w-a~m.~;~ °f:!'dls~urban~e'~; " : 

The water ~as then"led :~,through ts.tiliin~:?ro-cks:':.to,~h e••-:.flume'?in ~:~hich , ...":" 

wos placed the :draft-tube!orifice, ~(See.~D~g. ~P~I ..... :' 

The orifice ..testing ~v~iim~de ~of.'::brass :~+nd :m~~ined.~.tO~., ~::~'r 

conform %0 th~ lo~er-g~te ~ring, ~shroud ."of ..- 

the prototype. The ,. cro~n iplate :.was :~chined ;to :conform.~.*~..~ -. -.:~the...~. 2f.lor._ , 

in nbout the rol ,n%ive,  position ,•of ;.the ~speed)rine'.::~.:~groOve - ~ s } m ~ e h .  ;:i:. , 

ined to recolvo the :deflcctor-v~c:::rlr~ s" ./iThe:idefleet°r':'v~n°s~wer° !I 

of brass ~bout.;i/le-lnch ~:thick.-.~:Tho?lower,~,ends~ere-.soldered'~toao":: :: /. i 

flnt ring m.nde to ' fi.t iin .":~tho...groo~s ;mcnti " 

were soldered to ~.tho oxtension:fl~nao.;:of ,%he :Crown.~:o'r~':c~r ~plate..: !: .. 

~our sets of w~ne~nd cover-plato?~ssemblies'were~used: :~Ono:~i! ~h~: '~ ;; 

vnnes in r~dicl .positloa, :one:wi'%hw~nes.}l~°°ff :tho~:.~did!'::!:0n0!i:~: :" .. 

w i t h  v ~ e s  50 ° . : o f f  the . real  a l  ~ d  ,:one ,%~l'.~~:~.~nJmos :45 O~o~T ~%be , r o d l o l .  • :'- :i 

.Each .~ngle aho~n v~s ~urnedon .the orc :of e given :radius from ~:the " '. 

axis of the orlfl~o. :These ~n~les ~oro turned in ~ :counter-clookw~s~, ~ 



: i : 

-: , .  : ~ _ ~ i : : ,  • - ~ . . . .  ~ . ~  : ~ , :  . . . . . . . .  , . . . . . .  . . . . . .  , . . . . . . . .  , . ,  

and the  s e t s  were ~ n t e r e h a n g e e b l e i :  Dver::~ho .dcr lec~or~vanea  :was ..-: ~ 

p l a c  e d  a n  i n v e r t e d ,  b o L ~ l  : t o ~  e x c l u d  e ~ ' . ~ l r  : o r  : l o w  : : h e ~ d s ,  . .  ~ ( S e e  " d e t ~ l  ~.~ ". :: . : 

D~g. 2 3 2 - D - ~ 7 9 ) .  ~ " ' . : ' - .  

The. hoad-g~go".plezomete : .  .' ~,~ , .~;:':~:' 
and ~one 

" ............. "--: " " ' lume~~a./.shor0t ~dls~ance idc~n-:i!:i( I ~i!: 

s t r e a m  f r o m  the s ~ l l I i n g : r a c ~ S : ~ = : ~ . ~ e S  e ~ :i~... ti!::"i~i~: 11.1. :%,~: .~-  ~::::::::,:. 
~wer.~ i~ c ann 

neath the flume and a common c, on ~led'~0?~t 

The tail-gage piezometer rues :pl~ced~i, , -- ~ail-race-exeava~ioni: :~ I " :i.?- 

from"./~he Plezom~-'tor to ~.thc:hook,gage "Not; - ~. " . ~ .. .... .- . .... :.: 

Both the.!head, gage - " 
.pot ,-~nd::~ho~.t~ill ~ed :- " 

on s swinging .... 
hinge:.aud ::~ch:mas ~.Independentl, 

The micrometer hook, gage was rlgidly~mounted :~ 

P°si'i°n that eithor ,the ..head_gsge ~i:,Ot ~or ~.,he::i.tal.,~go :i- :i:" 
swung beneath ' " " :I~ "" :i i.i ~!~i:~- I ,.:,.:i..: :: • ': " ,.., ~. ,~/ : 

to read the water levels In<.each ~po:~:..nnd lag ,th:e':.~one:~.T~,Om ... ~., ..~ 

the  o t h e r ,  g e t  the  ne~ ih~'~d:dirobtlyylthout!h~vin~.:_to~bothar..~...~L~h ..... ,>,:. 

gage zeroing. The reason :for •using ~them~crc~eter ~hook-guge,.w.~s-~hn.t ~.; /:,, 

extreme accuracy was neceasazdj ~-.boc~uso-of small head":dlffer~nti~is../ . " !:~:~i~i 

3. Procedure. : :. 

F i v e  b s s l c  d r c f t - t u b e  d e s i g n s  wore . inc lUded  ':in ~ h e s e  ~,tes~i: ~' " 

One of those was designed by .tJm Bureau of .R~clanntion, .omo was ~sub-"'- ~ 

mltted by Tennessee Valley Authority and the other three f~ deslgns 

5 



frequently ~used ;in :hydro-elec%ric. power,~p!anta.'for water ......... ,~ • .~. 

The first two are designa~e~ >as,.Tube :~A:and ~I ........ 

other three are Tubes ,C. :D, and?E. ~;~tera%ions ~on~Tube":A-!are?-de- 
• "ii  L:•II. , • ..... • " 

signated as Tubs" A'I :and A-If and:~altoration :on/.Tube iD"iis ~designa;t 

as Tube D-I. . ' : . ~..:, : .:.i.., :"i . 

Tube A'I was the asm, e::as -Tube•:A except ~hat ~t.e ""ii::'i 

edge of the roof was ,lowered to!Teduce,:%he ~.outZlow~area iiii?i:i 

square inches ~o 74.4 ~square inches !for ~he !100Lfoot ~prototy 

length and correspondingly ~for !,the:'.V,V-f0ot ~l~ngth.. ! 
l 

Tube A-II was the sam~ilas"~Tubo;A ,:exceP t'~:th~' .rooi.:;,wo.s. ,: i 

curved upward from polnt.of t~ngencyn~:elbow~discharge:,thus:iin' ': ' 

• /~ 

creasing the discharge aree :a~ :, 

er 
square inches to 100.28 s quar~ ...... . ~, ,: 

then Tube A-I at 77-foot ~ength/.mroto~ype. .... : 
. . . i~ ~ 

Tube D-I was the _same as:.Tub~ - - 

was introduced in the :elbo,~ as :indicatod!iin:ske: 

28, Tube D w, as selected ~for this:al~eration~because:of:!unusually. " 

large areas in the olbo;~:suetion, :The ~:results'~are ~n0~ :c0mparabl0::: .... " i-::" :I: ":. !:" ~,: ~ !:i ~ 

in that t1~o splitter~de creased ~he .areas ~,~o a ~considerable ~ex~ent :~hle~ C,. : 

;~ i:" :'~ . ' • -~ " *:,, LI: ~ "~ :~:* " :':!*"~: ~' 0 

may be responsible for th.o incre~se,~in -work ,,done :bY .the-•tube:st .0 .  

and 15 ° vane ar.~los. The re~uc~xon 1n:~-'2 ~v~.~ " ., . . , . . . . .  

is du~ .to interference r:Ith whirl caused ',by the split,oz. 

.All draft-.tubo models were made of ,.~ood ~to faci'li%~te c0n~ 

struction sad  to make alterations e~sior. The elbow. •sections wore 

split in a vertical plane ~hrough the ~ransverse centerline of ~he 



unit. The horizontal-section ,rlcS :d~ 

between the floor and 'the :roof '.excel 

plone was in th~ same~position~as ~i~ 

Considerable :difficulty,,was .encountered:in i these 'wodden . . 

models duo to mwolllng. The ,wood ?swelled water 

and the joints opened up:,maklm~.racks ......... . else. 

was placed in thu .:Joints as:.tho,sections..were assomb'led:~Ind .,dravm 

~A ro';~ of piezomet~r '~cantGr ~ . . . . .  

llne of the draft ,tube:mc~iml ,on ..the :slol~e ~roprescnting :the '~ail 

pOSi~:'r tion :on /~a ,~.ent er-~. !~: race oxcavagion. Another was planed::ini:like' 

"llno of an adjacent unl't. .~'As:-both gavo!i:thc sa~me..rosults, .the .one: 

placed along the centorline of the operating unii~ ,:as used :;in 'these ~:~ 

~asts. ~hose openings ~ere connected. ~ ' :~ogethur and ~o o ~tai'l'~.~ater ' } 

hook-gage potmounted upon a swinglngbracket wi:$h the head-water 
C, 

hook-gage For. The latter was connected to piezometers lo:~ted~one 

on e~ch side of the head bay as previously described just below the 
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stilling ranks. (See Dwg..' 3 ,~ . :  :: ; '; 

an ordi nary hook-gage : readi ng .iin -,hundrOd t~ .on .the .~s~.~fl" 

and in thousandths of a foot:on'~tho ,vernier. : ,~....:,.. -:. '- . . . .  .i:i::~i I: .i :":P 

}load " - " " , " ...... ' " .. " and .weir-gege. readings ~wero ~t~kon slmultanoously at ., 

intervals of thlrty.se~onds. :Flvo-:readlngs : :on  ~hezd-water::levol .~ . 

and then five readings.on ':~hc .'tai~l-water 

Five plozc~eters :consi sting: of ~porforn:ted :pl~:tes ias,:shown 

and spaced ulong the-river bcdlmodel:~as~Indicsted.:onildrawlng: ?~: .i: ~ - :~:~i 
,I 

232-D-578 were ~onnoctcd each ;tO a!mnnom, J~.~i 

mounted togcthor on !~n, gr~dus%ed~m,am'ome 

tial ~c.ter was cont:i'olled,by means~of 

able ~oir. : , .... - ) - ::.,~: : ~.~i: ./" 

In order ~to ar~ivo::.~t c':bnsis of..comp.lrison :for:itho~ef- 

fectiveness of the. various draft tubes ,us : such ~i~, ..soomed !best ':to ..r.i '~. 11 

compare their absolute officlencics. Methods of arriving ~.t the ef- 

ficiencies of .draft tubes :~ero Investig~,ted. ~ ~hoso:methods, <or 

formulas, indlcatcd in their dorlvation .thnt certain d',ts, which 

would not be prceticable to obtaln in our present sat-u;~, ~ou!d ":be 

required to compute the absolute offlclencles of draft tubes. The 



Y 

/ ",: " ' . " N " $ 

forumlas referred tO. are,!1%/lly.:~dlscussediintthe ' ~' '~' ~: .... 
if ~ a P P e n d i x : ~  ? ~ i s : ' ?  '.ii,.!:... ..,: 

r e p o r ' ~ . ,  ! . C ~ o  • : 

Since ~ithe data •obtalnable:~!Was~!:on•i.~jSdfflcient :~o glve-a !:i; ..... I ~ ": ~ 

nemparis on .'of-: efficiencies: ~ ~ ~and.~a.s..~the :.c~f~ile ien t 

discharge, C2, in ~ i S de ~ ..... i ' ;: of would give ~the .,same. 'th '~::'> :: ~< . . . . .  : 
. ~. ,, g i ::%~wa :i, dlded : . t o  rm~k e: 

• ;,• 

the comparl on on the::basis : ,! -,. ~ : . .  .: ~.,'~ _ ~- 

Runners of ~the 'conventi onal~"design :wh&': "o erat,n_, at.. o~;: " ., 

near the point of best.efflciency,-~:!discharg e ,the~iwater !in. an::axi.~. : :i:~"i 

direction. When over-loaded .the",disChar~.eiiils--epiral,~in~La.,dir'ec.tio=.: . ' 

opposite that of the r u n n e r  an a.~),when(underloadedo:,~/~.i,~o , ' :  .,.. " . ~  

runner was used:in these :,zests ~.vanes.~,,were~set JAn !.t] .~ 

previ ou sly de scribed ..and ".~s .~showhcon ~:drawi ~ :.23~Z~ -:. 

, 9 . , .' :' ! 

pose of simulating the .dise.hargo:~e0nditlon ,of~:.rttn~er~,~:)~, 

, . ~ : . .  : ~ . . . .  ~ :  - - .  : :~ : ~ . .  . . . . . .  , . . . .  " . .~  
various gaze op-~nings~ and , . c o n _ t a r z t . : s p e e d s . . .  ,These:.,ore:~refer.re.d~.~:r~,.i.as,...::.-;,i,:. ;/ ~l 

"vane anglos" and arefixedatq~ .0.~ ,~:o. ..:~_ ............ - -.,.. , 

were symmetrical • the vanes,,.wero:.set•. ~to:/cause~,tho~,::water ~,to '~irl ~In~._ ": 

a clockwise direction(only.: : " 

The c o effic I ez z, of ..dl scharge,. O 2, :i. wasi, measured ffor.. ~the . . .. --, .-:.,::.,,~, 

different vane anglos : and. io~ dlfferen~ ~,veloci:~tles~.ranglng ~from,~abcut :.: 

2 feet per second te"?.-5,'feet:per:seCOnd~'on:tthe~:model:.:::..The:rnormal ~.~. 

model :velocl-ty Is-.,4 .feotper second-to ".correspond ~.to.,,,..normal-_velocit~ . .,:~ 

in prototype. .... " . . . . . :  ..- .. ..... ~ ~: " 

A throat velon ity .... C~ curve- was flatted f,~f .each ,vane.-angle . 

for each draft tube test. As it is gencrally conceded thatC~, an~ 

therefore the effectiveness of the draft tube, is-independent of the 



veloclty abov~ a certain r:6int, i a ~,velodity ~ofilsix ~feot~!~r~:second ~s 

selected as a polnt at~whlch <tO c~mpare~,~tho <eTfectlven~ss ~Of ~the ~,~ "~ : 

model draft ~ubes!in~th~se ,,tests. • "~ ~ ~ i. ~i:~'~/i'/~'~'~~ '~ ~.'~i:~!~ •:~ ~i'/.ii~/~ii:i ~i"~ 

Taki n~ ~.V 2 ~'a t ~ 6':~ foe t ~.p or ~: ~ ~....~. ~:~ 

was plc trod aga ins t ~<vame ,i angle ~iIn-?de&~rees .~•.i ~Th6s e ~"curves~i show ~ the: ~ J !i. ~ ",i~ 

coefficion~ of dlscharge/of tthe~/draftil ~, ~ ~angle~!0f/d: ...... 

charge from the, r u n n e r .  ~- • . , : / ~ .  , ~ , ,',~:~ . . . . . .  

Thos e t of ~ ~urve :s he e t s ~ No. ~i12 ~to~ 34 ;in~lus £ve, ~ drawl ng 

232-D-580, shows ' a ~ comTarison,~of ~'dis charge ~ ~.0effi-c ients,~ for ,~.each. ~ - "  

draft tub o tes ted' at i~ 54-foo t, ~i:77-foo t,~and ilO0~foo t "~lengths. ~i ~a:~ ~ ~ ~.,~ ~ .. 
~ ,~ : : , . , . ~  - ' : , :  . ~ , ~  i ;  ,~'. . . . . .  , ,  . .  

2 piers, insofar as i . as-onslder~d~advisable ~to test,all ~tnzee 

lengths. Sheet Eo. 36 shows~a~comparisbh~:Of~thc p 

duce *he necessary :tail race ~,~cava~tion,~by !;this~:amount~.:! 5Th0~fioor ::i :/: 

reprcsen~ing the ~ail.~raco excavation~intthe~.mod01i~was-~raised.c6r- ii .~.,~,,.J- 

respondingly for the ~.test end ~.this•..should~be~.considersd.~in ~ evaluat-•{( i~,:i~i~L 

i n g  this draft tube. - . . . . .  

In order ~to s~udy,flo.~cond~tion in ~tho ~ailiraco andS:on 

the rlvor bed as the ,wa~zr ~leavas !the ~tall ~raoe,:ox~avatlon, ~'Frofiles ~ 

of the .~ater surface were made. Shoot No. 37 ~showsunit No. ~l 

operating alone .~Ith Sall wa~er level at Elov. 505, sheet No. 38 

i' 



shows unit No. 3'operating wl,th tail,water at "Elev.-l 

No. 39 shows~ all~ unl ts, op era t ing ,iatCi,no~l~~l seharge 

/) 

.". '~,prOf lles~..7,~r.~.i.~taken .. .; ~, 
' , c .. ',' ,' : .:-: :"-" )~-',' "~' • '., ! 

readings ~.lotted. --. , .I 

. : ~ h e n  : o n l y i . o n e  ..,unit ~ fs :.: operating : t h6<~ te~ r :  so .~sprea-as";::: -:::-i.., :!i i: -! i .  i 

over .! 

fl cult to. do termino ~the, voloci,tles ~ i::From.:~obser~!ti~onli!-of " :"e i~ '>:"~ " " '~ -~h :model. I 

and from profile~ shown on.'sheots iNo.,:::38~end~39:~i:t ,.:fS~a.ppar.:ent.:,that ~ ~ '~ 

the velocltyIs .very near;.~,the .crltleal~",,:at :'.a:p61nt ..~in ,Ifno~'.w1."th ~,the --~ ! 

draft tube:outlet• ~ . . . . .  " 
i .~ • ; : ':";/" '~'~" ' ~ .... 

.WI th. a ii unl ts.. opera, t!in~..:, at ~.normal: d l~.charge .:of, ~i0 ,.500 , -i 

second fee t each and tail .,v:a ~er ',level at LEIev. ,505 k'O J!-a a'Is,tlnh~ 'i 
. . . . : . .  . . . . . . .  ~ . . . . . .  . - . . ;  " ~ .  

hydraulic _ jump occurs !Just ~,below ~the ~:ec1gocof ~the ~tall ~.race-~exeava- " i 
. . . . . . .  ~ "~ '~"  . . . .  " ' ~ '  ' "  " : . . . .  ~ • "  " • " . . . .  : . . L~ . !  

ties. As the tail~ater;~lovel~rlsos!:~ithd:':hydraulic " ::~:~" 

flow where ~-,... 

- ' J '  . c , ' . . !  ¢ .  ~ :": ~7 

Thls condltlonl can Ldo-'no :harm~.Imsofar 

plant, ls concerned...: On !,tho..other 
• • ,<~ 

cutting out thq~rlver~bed bel6~ Lthe :~tail~.ra,Cle:-~xcava,~ion~,~and i ,i:; ~ 

thus lo.~ering the,level~Of :,thd~.,wator at:!)ths:- . 

¢ 

l l  

f ~  



~= 

t ,  

Theso tests.~ndieated . tha t  i, to ~ 

. . -, !. ; " 

Draft tuba B, which :has ~a ~sl'cr.o ~grea~er -~than :~t~e :slx:~ 

this particular design of dreft .,tUbe. :Fur.~her ,tOsts:,~ro ibe !m~'dei':: 
~ f ~  .,.,~ !'" c ~ / , , '  ' ~ ' ,~ :  .,, ,~ i " !  I~ . ,  : . - i':.~ - 

a l o n g  t h i s  , l i n e  in  c o n n e c t i o n  ~,~:th":Columbia :iRiver::>rrO~ect. . ,,.-, . , . ~  

I t ~ ma y ,' b o ,s ee n 'from i%h 0 ~ C o ef£. i"c i e n t~  Thr oa t,~Ve ", oed:, ~ '~  c t ~  yes, .  

that a very unstable condition,: 

J o 

reaches e value of around .s~ix~ if 

runs ~ore made at this point ,to 
tb 

in the curve. It vms concluded 

. , ~ ' + , - ' , ' 3  : ~ "  " . , )  

To c o r r e c t  t h i s  would ~ h a v e - n e c e s s i t a t e d  a:.~m,Jor ,~,itere,tlon,;_,i,z,. > t h e : -  : .:.i.!i" 
f ~ .  t 

flume. A better way might have _been :to ,use ,Vp, at :6 :higher ~v~lue::"- 

ft~,r the O~.-Vene Angle Curve°. Thls would ~have ne~essi:tated ralsi~ 

the helght of %he flume ~to .give the ron.uirod value for V~. ~ 
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M~r.['RANDUM ! ON :METHOD ,'CF . ,. 

C 0MPUTATI ON ~ OE,:'I~qAFT- TUBE i EFFI C l~j IES ..... 

• :L,. V.<>L. Streoter, /JuniorlEnglneor ...... ~:--~- ....... 

• T h i s  memorandum i s - a ,  d i s  cuss i on .~ o f  ; d r a f  t ~ t u b  s - o f f i c i  c a c y  

formulas. The quantities necessery-i, to,~Lbo;moasured in orderer o Ob- 

tain a correct efficiency :fOrmUlai,:are~i,discu~sod..:A/~ ;!i:'t :vas.!imprac- ~'i 

i ~ /.: " :r! : ' • 

%inal to get all the data:roquir,~d,~,tO.,icbtain ~thoi-actual • > "i~ , cfficionc~, - 

only Chcse data w o r e  p r ° c u r e d  ,'~hieh',r~uld,"aidiin'~obtaining,~rola,tive 

officiencies The rolativoofficiancy o "  ' . . . .  ~ • - . .  " I .t,~o...draft .. tubes .~'r or ~.tho 
, . .  . . . T  ~ . L ~ "  : ' : " -  

my " " " " same dlscharge and,~vane anglo.,. .~.bo obtai d, ..~ ...... 

~arison of the heads .ro~uired-~,to!6roduce.~.thO.glven.,i-dischsrgo..~ _. 

ference in elevation cf headwater and<,.tailwater ~Is"/roeozdod :Tcr' "-" 

certain discharges and vano":anzles:wfthout.<:a>draf.t ,tubO:iiattaehed it o 

the do~mstream sida ,3f 'the,orifico :- < .i:.., 

The officio~cy of,:a-:draft ,tube is def~'nod ~:us:~.the ~.ratio~. • 

kinetic enor..~ Ccnvcr,t~d~in to " Dr'os'surc ..-nergyl • 
kino tie energy available, a t ~,drsf%~tubo-,antran c e 

cr 

• ,;ork dono,b~ the draft-tube 
, energy available to d:, ~:ork 

Two methods of deriving the efficiency formula are given. ."~Io 

first derivation will be similar t~ that used in dori%'ing tile ef- 

ficiency formula for the draft-tube-model tests made by .~ir. I. A. 



# 

~L 

Wlntcr at the Ale' bamm ;ro~er Coml~any: Hydraulic ;Labora~tory !durlng ; ~ t h a ,  . 

summer of :19 24..-The formula, -:il th th.~ ~ axe 

~ ~ - * ~  --~s--~ou~ae.~o~s, ~ ~ was,:d~r .... ..... . , . -- 
Ived. by. ,~ .. S.,::. H. .Woodard. , '"a "ccnsu l~nt 

fcr the Alabama rowe r Ccmpany. :iThe ~'aocend-~derivatlen was'/.worked " " 

cut t ram suggestlons:made b . , ! ;ccn'su~tontt i . fc ;r: .~  

~N'A, a t  D o n v o r  J u l y  P~5, 1 9 3 4 ,  . . . . . .  :• .... •": ~ 

. ( l  - ' •  -' 

:. - "~ "i~-------- "I~OTATION"' : . :.. .., . ': !~ 

: volume: dlscl~rgod :bY~:orll'ice~in..unil-. tlm~ ' 

A - cross-soctlona.l:iaroa, of t~r:~t:~:of.:-crifieo - :.:.i :::. ;:',; 
• :- :.j '; ;• ;i!} 

V n  - Q ~ / A : : z ' . a v o r a = ~ , .  ' " : :"  " ' 

C I : -~,,~a coefflcien~ ~for .,,tho;.....~,. ~_.~ _ ......... orlfico, 'vanes, :: etc,;,::.wi:thsut 

C2 : ~ c ~ ' e f f l  ~' l e n t  : f ! : r  : t h e  ,: o r  I f t  c o  : m u d  .. d r a : ~ t  -~ t u h o ; " i : . ; , h i u  h 

v a r  i e .q  " f o r  d I f f  or  ~ n  t : ~ v a n O . . . m i  g l O ~ ,  di.~C ha r g o s  ;.~ a n d :  
d r a f t : : . t u b o s  - i~  . i  " ' - :  . . . . . .  .... " . :.. 

h - h o o d  r o q u l r o d .  T o t :  d l S ~ l m r - e .  "r .'.~;+... ~,,,~.. L ' t  . : : , .~ . : . . , :  ~ " 
ars. -c t u b ~ : ~ a t t u c h e d  - " ' .... ..~ ..~. 

. " . . . . .  : . . 

-- ho.ud : r e q u i r  ed~ f C r  d i s c h a r g e  !Q2 :~,tb--ough; s o t U F  i ~ l t h  ~ :i., 
draft :~ubo: attached -: "'" -:: : 

-- hydraulic .'.radlu~ 

h 1 

lq 

K . E . - -  k i n e t l e  e n e r g y  . . . .  
- 

w - u n i t  w e i g h t , - o f . : r a t e r  " : 

g -- gravl t y  . . . . .  " • . .: 

V a .:  a x i a l  . v e l o c i t y  a t  v a r l a b l o ~ : d l s t a n c e  :r : f rcm.  c e n t e r - .  
o f  o r i f i c e  • 

V t  ~ t a n g e n t i a l  v a l c c J  t y : a t  v a r l a b l G : d l s t a n c o  'r f r c m  
c e n t e r  o f  o r i f i c e  

2 



Vr -- r a d l e l  v o l e . c i t y : l o t  - v a r i a b l e  : d i s t a n c e  ir  ~'frcm.:centcr . . . . .  
o r  o r i f i c e  r ~ ' ~ : '" ~g ~ i . . . . .  

o( : velocity.dlstrlbutlcn~co4fflc ........ - ~ " - ..... - • • 
lent tier ~the~orlf!ce.::wlth : draft tube attache:d:: -::.:-: - 

~i -" voloclty~dlstrlbution.::~oofflelent:f6r ithe:,.orl~l-ne" ' " " ~ '. : , 
~I thou ~ :draft-: tube:attach od .- .... -! 

4, 

"~3 - velocity distribution coeffiCi~:t :for dc~mstreom-.end 
of draft ~tube- . :~ 

.... • "L 

W : work done in,unit 'itime . . . . . . . . . .  : 

e : efficiency , 

V3 - eloc ;: - ' t y , : n t ~ o x i  :of:altar . tub  '" 
average axial .v i ~ . ~ ; ~ . . . 

El. 2 losn duo "'t° ~friction'::betwecn.:head~nter:.sUr.f~,O,.:and ~' 
crifice 

E2_ 3: loss.:duu ~.to fr!n, tlcn!~In:::,draf t tube  . : ' " " 
.,., ' .'_ . . - . 

E' - loss due :'-to fricticnfrom.orifico 'to-tall,iator: surfnco 
without.draft tubc.:attzchod:":::: ?.~:.:. ' ...;: : : ..-:: . 

E'' l¢.ssfrcm oxlt of:draft~:tUbo ,to.:-,t~i:iv~:tor:~sUrf;,cc _ ,.. 

.,. ,,o • :~]~:OD . . . .  ~ : " : : ~' m .... " ' " m r m m: ~ --"~:~' 

This method conslsts..of.:m~usurlng and~ccmparlzg :the !head . .i,-. 

!:. -: . . . .  ?.: - i 
required for a given discharge ':.through :Lthe:~vanes, ~:crifice, otc. {!,.Ti:th: ::- :: 

and wlth~ut the draft-tubemodol!attached,.. . .... Ccndi%lons-.¢f,;d:Ischarge 

end rotating motion of .water., are.mr.de :.to .varY,".bu t .the :comFardscn 

.'. . . 
7"/ :/ . . 

is el~ays the he~d ~±th .and ~i.thcut ".tho::"drnft:tube:atlmched:under:ithe 

same conditions of discnarge:.and:angular rotation. .: 

With the notation as given cn:p~.ges:P ."-nd .3, 

= : c I A .!(.:,) 

Equntlcn (i) gives the roh:tion ~f head tc dlsch::rgo f:r ~he crlflce 

Wlthr, ut the drnft tube ::tt~'-ched. Eauati~:n (2) gives the rol,~tl~n o1" 

i: 



head to produce the some'discharge"with tho'.draft.tube.lnstalled.~ *Wf 
r 

conditions Of set-up tho.s~mo " ~ '~ , , .... : • ".. i..".i: 
, ,. h I :, wl Ii .. a l~m5 s bo ..,:less it h~n : h. ~Tho " ' .~,.. 

difference h-h I is the hoad.iln'duced ;'.by ;:the :.:'drc ft. Of :!.th~idr~~t.~tube. ;".::"::i.~ 

T h e  draft head, ! h .... h" 1 , ~is ,ob tu'ino'd Lb :.UcOnver.tlng ikindtlc ~enc 

the flowing water ~ into work.:_ :~h_e';klnetic ~ energy-:In:: ',the • ~'.,atom, • .passing • 

the orifice ~in unit: time:.is- '- . . . . . . .  : ' : " " - 

K . E . - , / 7 . ~ . . ;  , : 
g :, : /  ...... 

where r' -indica tos the:~:radius of ::the orifice: Opoiil ng..::The-expression 

f3r total klnetic energY~my:~bo:written : 

. . . . . . . . . .  , t . . . . .  ' 

where:, is a coefflcient;greater than,~unity.~ ; . . :  . , 

the head from h i to h is 

and the efficiency of the"drafttube~is:. 

-e"= :IW ;" .--: ",J L . ' ~  R', ,~, : 

".,; 

or the ratio between the~.work done and ~the ener~'..'availabie;'.ror.doing"<"//:~i 

t h a t  work. - .  ':::: 

e = W  . w ~ ( h : - h i )  : L:h:~hl .  ' ~  
K.~.  , , ' , / ½  ~ , ~ A ~  ~ -  , - (3) 

g 

Ellmlne~Ing h and h i between. F~u~tlons (I), ;~(21, and (3) resulZs in 

the fon~ml.a 

e -- i ( Cl-- ~ - ~ ,  -- C2-~--- I ) 

4 



C I and C2-.are,obta~ned :.from ..the-~,test ~da,ta. ,. ,,~ ,.-the veloci,.ty~dls,.-. 

tri buti on c oeffi c i en t, would: requ ireia::~iVeiOcl ty !traVers e"~over :th e ::: -:. "~i.: 

o r i f i c e  area 'for the .three :'.components:, of !,the ,velocity,., ? 

The kinetic energy., conver,ted.!in to ~[.prensurei!;energyi~in ~th e / . 

draf t tube • mus t equal ~ the ~total ~klnetic . energy available~ at )/the ~idra~t" 

tube entrance minus the energy.~lost~ iCtion!Iniths.~dra~t~!.tube-:~.! 

and the kineZic energY~lost~at~the.exit~f.,;~ ........ ., 

--2 --.2 

AwV2(L~ "~i 3" '~ --~~E2"3)" :- ,:(4) 

The head on the draft ~tube, i~hl~ ~iis/utilized ~In overcomlng'i~fr.ic.~ion<~and 

in building up the • exlt veloi:i.~Y>head; .~or~ ~. .,.~ ..... • >. 

hl  .-,:/El ( ' , ~  "~,)-.".': Eo ;'~ '4)-~'~',"" . . . .  :"~. i ~i/" ~! ~, ! (  5) 

Substituting (5)fin,(4) " " ,~ " 

--: .E :- - - " h ' " ) " "  " - ' '  ~)  .i-~ . . . . .  l: i~, :~ 

As the kinetic energy,:a)ailable~at'tho:orlfice~,is:,. :. ~ ~ ' " 

• ' "- " ,'AwV-~ 

w 

AwV2( 
e ",., 

• / 

• ~V2 .- 
- . ~  * El_ 2 - hl) 

~9 

A'V2 
2~ 

the efficiency is ~ 



L 

or 

e *" 

! - 

For a given dlschargo and vane ~angle . . . . . .  

regardless of the draft ~tube~used.~: i~Hencei:the~;fo 

w~sre B' and B are constants: 

of two draft tubes at tho~same,van~,'.angle:aitd:~dIsclmrge:i:~.~rovlded.-~the .. r~ 

• ~ COMPAR IS ON ; OF (,'~E ~. TWO *~ ME~?0DS ,, ~'::, 

r . . . . . . .  

Examlnlng . . . . . . . .  " ~( .the .~two ~ efflc leney.~,Equa ti one, ilt iis 

cvtdont that they'nre :identicalL:iif :" :;/ /~ ! / i l  ~:(! :" ~ ' 'L : " ': : : :' : '#" ~': "'~. . . . . . .  ' " " ' ' 

• . 2 :1 : •  : . . . . . .  " : : 

h-.- h I.: ,'~.- .." '9 '(4*~'EI 2""~hl; " : :" : " ' 

. j  

which states that :LtlIc .head, .h, on ;.tho,*orifico .wl.t~out ~a:idraft ~tubo ,., 

attached is completely utilized in ovorcomln~ friction ~frc~n tthclhoad- , ~ .;.i 

water to the orifice, ~nd in building.up tho:kinctic energy-available 

at the orifice. It also implies :the assumption .that .- ~-,~ i" In other 

words, to obtain the coofflcicnt C I th~ orlfico should,disclmr~ ~Into 

a large reservoir in such a mnner that no additional los~es occur 

d u e  t o  f r i c t i o n  b e t w e e n  t h G  o r i f i h e  a n d  t h e  t a l l ~ ; a t e r  s u r f a C O o  A s  

this is not the ease for the ~e~icr draft-tube-model tests C I will, 



have too small':a v-lue. 

Wi thout t th ............... ~,.uu -- . . . .  ~ . . . . . . . . . . . . . . . .  : • 
:(. ' iT-, .... : 

. - ,. ,".,. 

sub~ra~.tlng .the second from ~ho"::flrst " .-- 

, h - h l , z . , ~ l  ~'2"-"--" ~ ,"3  
• g ::~g 

for an average, throat velocity;:of~6 !f.t. i l 

: . . . , - :  , .  . .  -,~ ~ : .  

E2_[~ may be estimaZOd from thoi.Darcyformula, - 

-)j 

by subs~Itutlng 4~ for d, the.idi~mete~, !~:~A;:mean-,value.~of/f, ~the:~frl.e-~ 

'' i tlon factor, for the draf~-tubo~ surface '(is estimazed. .~ .Then ~.for.,-'.Soe- - ~, L 

tlons throughout tho~dmaft .t-abe, ~theL quanti1~y.i:!!f~ ~ !:~i~'~plotted:as 

ordinate against'L, th~ distance .ofUthe se~tfon::frca TZho:~cnvranco .... ~ 

measured along the cenzerllncof th6 tube, as abselssa. ,?The.~area 

under this curve is an estlmato;cf ".thS.,loss.due to~fric.tl-on!Inttho 

draft tube. Asflow conditions are very Irrogulur wlthin the ttube, 

this may safely be takon as the.minimum loss due t~ fri~.tion(for..the 

given velocity. Equntlon (7) may be wTitten in the form ~ 

7 



" ¸ :,I 

The dlfferenco, i h~,.h I, ~is ~obtained ifrom the !:tests. ~For:~ar certaln 

Q, V2 and V-- 3 arekno,~n. ~E2,3:may!:be;estlmate d:ifrcm'Dsrey,s ~Fcrmula. " ~ :~I r: 

,y- 

E" - E' will be negle~.ted, r:'ASsu~e ~:that.~.3:equals?l;:!ilts:mlnl~um), . 

value. From :thls .Equatlon:a::~vsLluo..:~:.f~ I may':bo o~;tained.":whi'~.h~is 

r e a s o n a b l y  sure  to  b e ~ a : m n i n ~ m .  ? ~ : , . ~ •  , , . . ,  7 ~ o u g h "  .... 

undoubtedly small, it Cannot~:be!stated:itha:t~ 1 :has 'Its~absolute 
" L-'.. . . . .  . 

g !ith e :~as sun~-tlon ,tha t~c :t~h0 sine minimum value, :M~kln ~ i: L'~ ~r f ~ 4 ' 'F~ S" 

~OZIdII;Ic~S of dIsch~l,,~e,-~_=d~.v:llle,.o,r~le; ' ' " :: :~" : : ' "&: ' ...... • ,.minimum :.:value. of.~ ,may. ~.be 

estimated. .Thi~valus.:of :wlll~result :In:a:mximu~~vsluo,:;of:!i)::.,~.::::!.;~ 

As C I is also-too small, a:mnxi~::valuo::of,<,:effi~.ioncy,ilw£~::~,bO:!}~s.t$- 

mated. E2-3,:has bean..computdd~for :tube :B:, !lO0 :f.t. ;~ength :(~ro~o~y~d),' '~ 

, . . ~ 7 ~ )  ~ .,;: .... • .,,-: :/~; ....... - 

and amounts to 0.162. ft. , (model) loss :for ~'an/hvcrago:~throat-ive~ei%y 

of ,~ 6 fZ..~er sec..model. Thls.:results'~in i:a ,value ~of ~, ?of ~l..5~,as~e 

minimum .for -th'o .vane engle "0 °, iFor ~th e ::15 ° ':vane "anglo ,,. ~. :.amounts to 

1,4~ as a-mlnimum. For :the :vane l,angles ,.of ', 30o aridlY45 o :this :ms,hod 

gives ~ no :: addi tional ,:~informs ~ior,, as :.the :Value- comes ~ out :l~ss :.th~n ::i, ¢: 
. / r " r . . 

which iS ?im~osslblo. "From the :draft-tube-model ::tests .the: =mximum 

value of ~the efficiency -would " be .- about :76~ for tube B, ~2 :~iers, :,i00 :ft. 

length -i (r~roto~ype), while I~ iis pzob~.ble- that ~:.the ~.efflciency ?is con- 

slder~-bly lower. '_. i:~ ~. 2!i::ii., ~ 

"R 



'CONCLUDION ': ~. :'/ ' .i " 

The veloclty. distri bu~ion¢i co0fflciont,,-~ 3,i~mlg~.t ih~VO ~!V=lUes~. 

as high as I0. Wi'th -vane • nngles ~ of ::30oi • and >:450,, :•,the ~iwoter~fr~quen%ly. ' 
very  oor di tribut 0, i.: t  the exlt'iof ,: 

droft tube with two piers, f , ' - .~ "~". ".-: " ' : 
.i . the water wero.~:to :como.'.out !~of:.oneiop.~n- .: - 

ing only,t~, 3 wauld-be.utleast:.gi ' : ~!"-~ ' 

As the ifactors: ~ ' . ,  "AI,O~ 3,~:'i :cannot '.~b0:, 

cccurntely determln d-from ..the :av!~iLnblo "experim0ntnl. dot-: !i~it::Is Ira- .... '... 

possible to :obtain the~actual effic~enclos, The~%imo,~and expense ~in-: ~- 

volved in mezsurlng~velo~:ity:distrib~.tlon "coefficients " ~ ":: prohibl:. ~i'i.%heir " • ~: 

de tormina t i on for t hes e ':.t os ts.. ':,To ~ oh t.~ in ~.-i " i:!i:t ~WO~LI d ~b O -: nec es sary : 

to make a velo.-.i ty traverse over ith o !:orfffC 0:~arca ;.:fdr ith6 iilthroc c ~.: 

ponents of the velocity -with ~.the .draf.t~tubo ~-In: plc. 

dlstribu%ion coefficient,d~l ' ~.~;6uld slso ~h~ve "to ~be.:determinod by J.tho " 

same method as the-de~ormlnation of #....~:'..Tho exporlmen%i-Ll!"equipmcnt 
> 

would-have to be altered, however, so!..thzt :the~0rificei..~odld:idisch~rg e ... 

• h ": " 

into a large.reservoir before:..~.:l-COul~d~be..mo,sur.ed, ..!If ~the ~.time.~nnd -~ 

expense were t::ken ~:~o~obtaln ;~."~~',i~ " " ' ~ "~ " ~ 
,, .~:. ,th e.,a ~.tuel, dff.i cien~i es .. 

of the draft-.tube,models ~wlth ~:vanes~:.0bovo ~the~.~would :be~determlned, 

"U ; • . 

As the prototype draf~ tubes have.runners above '.them i~-would ~be ~Im- 

possible to p~edict their correct afficioncies bec~use~of !~he .lack,of 

similitude above theorifice. At bestcomparative efficienclos ,~ould 

be given for th3 ~rototype. Com~arntive.efficion'ci0s cun be .o.~t'=ined 

from the C 2 coeITicien%s, -.thus eliminating "the necessity of dotormin- : 

"~'''~i' el' otc. 

9 
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/ 2  

~ e  CE, c o e f f i c i e n t s  nllO~, ~ ,~(~l t" tubes  

for  the  s.~me d i s c h = r g e  ~nd v- ,ner .ar~le ,  ~ t h i s  e a m p ~ r l s ~ n o n e - t u b o  

m~y be s e l e c t e d  cs  b e t t e r  th;:.n ~uo thar  , bu t :a  qur.ntttntlve~ r e s u l t s = •  

e.~nnot be obt .n lned .  -i: ¢:~..-: 

. j  

, : : ; ,  . . . .  

~ : ~.~:/, , ' : L  : : ; , ; i l  • " ~ i : ~ : , :  / - "  " . . . .  
"~'  , i .~i ' : i  ' i ~ ~ ~ _  / " i ' : ' .  . . . . . . .  ' ~  ~ ~ : i ' j i ' ~ i .  , " " 

.. ~:.: ' . : .  : ,  ( ' i ~ ,~  

. ,  : .  

7 , "  I 
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