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i. Introduction. 

m~e~ler D~, -~ proj ~ot .:o~ :ti, e ~Te~ s ~ ee :V~iiloy ?Xut~O~.~,~S 
is located on ithe Tennes See R~ver iEibout.:fifteen.::miies ~eas'tw~rd"!..and. 
upstream from Wilson Dam ~.in L.:L~labama"~.'~.. ~.,The" power ~pl~ui~ilis .-fat .-.~he!~.Sodth 

e ff ic lent and :at :the" s om~i 'rinSe"be 
The elbow tyoe, :having '.~hese .gual:~ 
practice, was ,favored for, T!heele'r 

co:"parative tests ,on ,moclels ,of.~,various dra~it.i~tube?de~!i~.n's :..,:ini!the : ..,.~.:.i .J-. ./ill 

might be e x p e c t e d  f . r o m . t h e  :;i":"-:: ,.'i,:" 

In the : s he rt : period f tom ithe .ti.~ne :~he s e-'::~est s .were {de ci~e~ ~ 
upon u n t i l  p o u r i n g  o f  c o n c r e t e ~ , i n " ~ h e  'power '~house , : subs t rubture : ' ,vm.s '  ...... 
to begin:!it ~,:as impossible ~o 
tests, b u t  ; the  . r e s u l t s  o b t a i n e  
accu]'ate o ~ .... :':''~ 

and were execu iin:~i'ts ~hydrauliC , 
laboratory located .in ti~e"i:basement",,of. <~the.,~:ld cus.tor~liOdSe :at:;"'. !:' .;i~-:,,: . .  i , ~ 

2. Purpose.of Tests., :. 

In any me-~ium or ~low-head 'pl~t,"-- the effectiveness'.of ! t h e - -  ~' 
draft tube in utilizing the energy of the water flo~in G ~t!~rough ~ 
is of much inporto~ce because:~every foot .of head regained:may be :an .... 
appreciable percentage ~ded to 'the operating head of the iplant. 

@ 
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'0 
~Wneeler~Da=, :~n ~;enerai, ~S':trhe :~us~il~ildesi:gi{~i!~flii~o~~h~d~iLP:llnt:is~te~PP 'ed 
uo in every dimens ion. .The !ruruner~id~sr6har ~e ~d~iame'ter ~0nsidere~d >~in ,'i 
" p ly" these studies ~:is a proxima'be' , S! he ~rat'iOi~Of,/discharge ~, 

diameter to depth of draft tu~e .J~ 
problem of excavation/for draft •~0 
Plant ,v~s a serious one 
or Kaplan-type runners, 

runners make great,depth of /excav~tion'inecess~for~ithe ~i~raft<,tubes. 
It was therefore su~ested~tl~t the ,oUtfilovr/end,/of {the ~6~Ibo~ ~} -dra~t~;~ ~> 

At was therefore ~thought advlsable~to~maJce ~a'comparlsonzof~,~the~two~. 
conditions in:this, series Of/tests. -~ ~:: . :i{ ~ 'i ".-~ ~!I: i :~!, ,~ i~ii. ~:i :~ii ~r..,i ? :~ 

The river channel ~.m~medlately .belo~the~nower ~aouse~r~s ~erY~ ~? 
shallow so that whon~a;ll ru~n°Aers 'are ~iscllargin.~ ~a~ ~ffu21 ~capacity~, ;~ 
the tailwater attains ~!a ~.much~:h!~her ~veloo~t~/~han ~,that,~,ofL~nei.draf,~- ?~ 
tube discharge. L~/is ~crc~tes~ia~ C0nd±t~ion ,such~Hdt'the~wuter ~leavms ~ ? 

• . .-' .~, '' " ' ,4- -. ~ ~'-f .. much slower velocity,, and ,~In increases ~o .ne,,r.lhtr:xce:~the~dr~f~ : 
tube disoh,~rEe ~veiocity as ~it f:lows out onto ,th6 ~irive~-~bled. ~: ',~e,~,?,,~i 
ques~-~i%6n :~rises as i.to whether 'this is La desirable uondif~ion~o~!~vthather 
corrective • mec~sures rfrom ,~. st~mdpoint ~of ec0nOmYr.~Si,oulld:!~be~i~oi~!id0r~cl' 

The ~purpose of ~the tests ~thorefore resolves itself !,into 
five different points of consideration: .... L '~ ~ .... 

(a) To determine the most economical length ~for the ihorizonta~l ~ 
section of the draft tubs. 



(b) 
0 

(o) "To 
w~ 

(d) To 

(o) To 
.ds 
0~ 

In •viewsof i.tHe !man~ 
it was necessarytto~buil~"a~i~ ± 
the dove, stream !faCe ;of .J~he pC 
a part of 'the "riveriibed i{SOme ! 

left bank ~of the :river :but 
This permits ithe water to is 
This made it necessary ~o 
at the river ~bank :some dis:t 

at right angles extended ups~ze~ to~i'the~if 
stream edge,' of ~thc weir :v~.S i;King~e~d~to:~the ~ ..... ~~ , . .. .-~ ... ............ . .0 ~ . :~, 
~:hile the ~l~v:er :ed~;e :could':oe ~raised ~or ~lo~vezOd~:by :meai ~s~of tcaSles ~{' L 
s aced ~at intervals and~ wound on ~shh~tS<~:hicl~i Were~i~eontr611~'d:ibYi!means~'i 

through ~ a 4-1/2,inch s iphon and dis charged ~through ~an :expanding ~nozzle 
onto the floor of the Stillin,~'box x:it h~a~minimum-of<distuzbance" 
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The water was tilen .led ~ithrcugh_!s;ti~l, ling ~.sacks :~!to:~£he.~flume fin w~i6Hq:-:~} ',~"; 
was placed the dra~t-thbe o r i f . i c ' e . .  7 7  ,}i,"~ , - . : .  ~.:.~,~:- . . . . . . . . . . .  

' i t '  ' " :  . . . . .  " . . . . . .  

. .;,1 . . . . .  : , , i : i :  ~:: , . : . -  ; : ; , - ' :  . . .  . 

,The, orifice Casting wa'S ~de 
Form to .the lower :~ate ~ring, ,.shroud Jan 
prot otypo. ,The c~gv~n :pi~ate ~vas rn~.JChiri 
lines of the:.v~ater en'~erlng~the:!runnez 
in. ab out the ~r elative pos .~.tlon <of?the..~ 
machined .to ,receive ~th,~ Jdef.lector&vane: 
we re of. b ras s : ab out ;I/16"in6h .;~tHick~ :!:.'~:,i, ! ' ~  ' '~ i~ 
to a flat ring ma~e 'to ~£it :'.:in tl~d ~groo" 
ends were s Oldered '~o:i~he fexten~i;onL!fjl~ 
plate. Four sets of ........ li 'vane s - n d  co~'erzp 
One with vanes .in ,.radi~l :pe~sit~bn ....... ' ": , .;~ one. 
one with vanes 30 ° ;Off : t h e . ~ r a d i ' d i i ~ : ~ , . h n d "  

radial. Each_ angle shovm~al i.~was~ ~.turnedt u r'ned.,ioi 
. " ~ : ~ . . ~ " . . . ' . . }  . ,  ~ . . . .  

from the axis :of :.the :onl :~ce..~hese.:ca~ 
t "  ' ~ ' "  % " ~  :~'" ~ • " : '  '~ clock~vise direc ion, thus : g l ~ l n t ,  : = , ~ h e . a ~  

direction. ~venty ".vanes ,~ e~uEllv?soace'i 

:e !me: 
L s.:..; 

':as s em~:Ii e s  

• .~irned :< ~n ga ;c co u~ite r- 

ctor ;L,% 

• of .!: ;~!~!ii: 

,w~s. further. ,neduc ed.~by, ibaffE'e s~~cons truer Od,i-df j~oughLsawe~d:~.b~o'a~s~;,:i~.j!i.~2;, ~ i~? 

'I'O, 

on a swinging i hinge :and ~eac h ~avas ~indeuendently~ad~ustable,:D or',h~'iElit:~ :::"i 
he mlcrometor :hook-gage .was ~ri.~idly,moU~ited~above~i~theZROts.~inli~S'~cH.'~: ...,i,~ 

position'~hat either '.the ~head.ga ge~i~po-~iori~i ~hei~t'aJil~gage .~6o~ ~im.i~Ht~-:be. i ,,..~ 
swung 'beneatI\.~2t' ' , ~ The ,purpose .~0£-i~t]!is .,,arrangement~ii~s:~!~to ~enable~!~o,ne-~ , ~ "~: 
t o  r e a d . ~ t h e w a t e r  ~ l e v e l  ' "  " . . . .  ' ~ ~'~, . . . . .  ~ .  ~ . ~ ~ . . . .  ~' " . . . .  . . . s:!n each ,po~.~and,suotrac~.:~n ~-~he~one:~f.Tom .... ~ 
.the o,~her., Got ,the ,net head dlrectly~r~thout havin G :toC=bOther~with : 
gage zeroln G. The 'reason:for using tlie HEcrometer-lhook-gage-,was :that 
extreme : accuracy ,was 'necessary because :of :sma21 :hsad •di~ferentials. ;~ 

4 
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. ~, ~ / <  ), . . . .  ~,:~:~i.> :~ :'. ' -~ :..~ : 711 : - :  ~ • ~; • 

4. 'Mode ls ~Te stec 

F.~ ve 4 
sehedule~ of mod~ 
abou~ the tilne :I 
tube -modo).s ~ , ~ e  r e  

numerals f0] low~ 

as tube "A,I:-etc 
tier, ' model tube 
Authority and mo 
us ed "for ,water t 

Draft 
Tube A-I was the 
roof was lovzered 
to-7&.4 square ;i: 
length as wei;l~a 

curved up;rand ~romzhe - ~  , ' . . . . .  - ., - ~ . .  . . . . . . .  ~ . . . . . . . .  ' . , . ,: - po...t,of tan eric "a~t,~h ~ '~ ...... : ~, ...... ' " the elbow, . . . . . . .  " . . . .  " . G .  Y i : e:dovmstreamI~.end : -~o f  .~. . . . . . . . . . . . . .  :!~ . . . .  

lengtherom 71,17 ,sq ~ , 

was introduced into ' " '~"; . . . . .  ;, t h e  h o r i P . 0 n t a ' l  ' ' "  : ' ; ~  
. . . .  • .. . . . . . . .  rn~mn.:L%g ..... I 6 : . : : . , ~ ' . ~ - - . : . .  

d e s i g n e d  b y t h e  ' . T e n n e s S e e  . V a i ; ] . e y " , . A u t h o r . i ~ r . "  " -" ~' . . . . . . . . . . . . .  ~nd  i E i ~ J ~ e r e : ~ ; f : r _ o m '  . . . . . . . . . . . . .  : t u b f " i : ~ ;  ~ : ........ :::ji 

prineip~!ly in tha~t .thr,h0rlzon~a.l:;.sect.z, on_ha s ~a ~steeoer ~upward:,' . .: .;I 
slope a~l the :'areas :are .s:I~ghtly,less ~.than:~conresoond.in~,:area~3.:~:~v:~.:: .:; ~.;:.~ 

. • . .., , : . .  ~. , ~ , . % .  . ' , . ~ : . : .  . ~ , ~ . .  . . "  . . . . . . . . .  : , : "  ~ . ~ . , .  - : -  . , , ~  . 

t u b e  A .  I t  ~ 1 1  b e  : s e e n  ~ h ~ t  t h e  ' a r e a '  c U ~ v  ' " '  ;: . . . . .  ' "  ; ' ~ - "  ' "~;'"':: 'C'r' ' ' :"i!:~ . . . . . . .  : ' ' ~  ' :  " "~"  
. . . . . . .  . ~ e . .ms~.a  ~ s t r a l  h t . ~ m n e . " . .  : . - -  ~:~ ' 

t h r o u g h o u t  t h e  G r e a t e r .  i p a r t  . o 2 ~ t h e  e l b o v ~ ;  ~ ; ; T h e "  " # e r e 0 r m a n ~ ~ - ; ~ : "  ~ 4 ~  ...... :'. : . . . . .  :. " :  

t u b e  : i s  s h o v m  ' i n  ~ f i g .  : 1 8  . t o : : ~ F . i . g , : Z f - : : ! i n c l ~ l s z v ,  e : . : . . ; ; . ;  ..,~: , . . . .  :: ~•":~: ") : :"  ".)!:::~i. " = . " ~ - :  " 

• r a f t . . t u b e  : m o d e l  C : ~ s  ~ s h o ~ m ~ ; . i i n  f . ~ g ,  2 o . . , ~ T . ~ . ~ s ~ 4 . t u b e  ~ i S : " ' " ; ~  .' .. ~ .. : .  
slmi}ar in :~ost Jrespects ,~o~tube '¢~.:,"~,..The~'gre& ...... " ........ ' ...... .... " "" " ........ ' " '"" 

t e s t  i ~ d & f , f . e b e n c e ; i ! i i s ~ , i t ~ ! . . . (  ' : i i!:~-.~:: 
the height at -#he. d owns%ream enr1 :.6f:,,[the": elb%w.!;is!much. ~less::~ ' " ..... "~han.:itha# ."; .... " ' ' ........ ,, ' ~:'~.,/ 

in tube i, thus restricting '.the~area.,.:at-:~EiS ~point. !"I!~THis .&": .... " " '  ,~ 
- . . ,  s s h o w n  • . , ~ .  in the :area •curve. .,~.: ?, ...... ,=- .,,. . , ~. ,.:,.. _ .... 

},, / "., . = • 

Draft tube model D :is ,shown in fig. ~'28.; :-T~is: 'tute"-~:,~ ": " "~'~ 
also similar ,in most espects "to '~the:tubes .descr:ibed."~: %~he.lprincj~pG{ 
difference being that the ;height ~at ,the dow~Istream _end :0r :#he ~.el-6ow 
is greater than that :in 'tube .A. ,This,~is ~clearly .shown 5ih ~the~,~rea 
c u r v e .  . . . -  : . . . .  . ~: 

. , "  . . .  
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0 

v~,as int! 
This 5 s 

"t  

rad i Ca l 
a verti~ 
from on( 
to t~ke 

of this 
similar 
models 

l 

t ,': ¢i S rUC~ic 

s p I ! t / i n  a v e n t i o a l  !~lane ~hrOugh<~lle:-~-ransV~rs-:e:<:~ent:e',~:!~{i~ne*;o%,!!i%~he~,/:,!i i ' :/::i 

T h i s  i s  . s h o x ~ i i n  f i g s , .  :: .~ ~ ~ - :  • ~ :  : :: ~ : ~  : : : ! : ! ~ :~ i~ /  :: :~: i :  : / ~  :~ ~ / : ? :  :: ~:! 
- , • " " ~ ,  : I~* :  .:, i ~ "  : / ' :  "% " :~; : "~÷, : . : , . ' _ . b / ~ : ~ : ~ : ~ :  ' ~ "  : : : :  

of the mod~ls.. ::T} 
the itrue per~:ormm 
placed :in ~hc joi~ 
from flowing throl 

Steel r~ 
side-of the ori£ic 
tight :seal. '.Thes~ 
when constructed;. 
.,bni~ice outl.ot ~th~ 

give an avera~e-,va 

the draft -tube :model, :on bhe :-s'lope.-rqpres ent:ing ithe ~±s~i.raoe ':i~exciva- l:r %~ ~'~a 
tion. .Another row~.was placed~n :like pos:ition on :the center ~l:ine ~ -z .... .: .~ 
of an ~adjacont 'unit.. ,-.~As both: Gs~ve ,,bhe. ;.same :--esults,, .,ithe one iplaced , .. ' 
along ;the cen~erline of",the.:operat~fig ;unit vtas: _used~in 'those ~tes~S. 
WKis ;row.of :piezometers ~vas corme~cied to a tai'iwater hook'gage.:pot • 
mounted upon ~a sWinging ;bracket with ,the head water ihook-gaGe -.pot. 
as previously described. The .latZer was connected to :piezometers 
located one on each :side o_ ~ the head bay .just belovr the still'ling 
racks as previously ,described. This arrangement is sho-:a% in fig. 1. 
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5. Procedure. 

fin ord~Or 
draft tubo~ models, 
're rebay - o~id : tho"~i.t~: 
The difference :bet~ 
tail-ga~e pot was-~ 
to be sure of accu~ 
motor hook-gage -re~ 

• •"ii , . . . . .  

b " 

The : head 
of an ordin~ary,~ho~ 
staff and .in .thoUs~ 

Head -and 
intervals Of. thirt5 
and then five :read~ 

• . , ..: • g .... g -:'~(" .:mo-dol,!:~:6~rO:,:cai, c iiat~@ci~f~om:&~:a~6rEi'6 .., ..- . ;: 
of the :~ on we ir~gage, rcid~_~gs. :,.~,. .:. ::'~..~..'i'i.::! .:: ~,i:-..~-'~.::.: ~.;,: ~,! ::}i~i '-iiii~:: !..~ i" '+. ::!- : :. 

/, //: ...:~ •. .. ~. : _. .:.!.-~:. ~ ,: : ,, :...~:.~ :: ~ .-.i?..~_. :..~: ~ ~':.. .... ~. 

along the river ,ibod~'model~.as~ihdicat " ,-i: ~ ',':~ :. :~'~ 
each to a manomg~r tube. i, Thos e<!~u~ ,,::~:~ ~i::":. i:/~:.,-i': 

hess of the various ~ "" , dra~% .tubes 
ef~iciencies, h~ethods of:arrivi 

of .discharge :(C~ ) would gi~e ..the ~:same~Lthi~, it.~:~,~as.i deci'de-~',i:~o-~i::.•-..~-~--"~ i • 
make. %he comparms on -on ',the:.'!!~as is ~of:: %he ":lairor.: :. i: :,, :~ ~ " ':!-ii•~ ~:• :. : : 

Runners,!.of :.the . 'Conyentional .:~des ign-v~,hen :io~era%fng i:~at i,~-r :. ,, i:. i i " 
near: the pc int Of ~!b e s t :e ffi c i~enC~f,, d i s cha r~e .~he"-~va&i6r':in :an:'~ axia.l-": 
direction. When :ove~'.10a'ded, :tbh&.dis.cha~ge .~is':ispi-ral :iin/a"~,.dire'ction 
opposite that of .the rUnner i.and.'iviee-~versa <.~when :iund~erloaded. :As :no :~ 
rummer was used in'these ••bests., .ganes :were .:set .in ..the crown~plate-as 
previously described, and.as shovm in ~fi~. 2, :"for ~he purP.oSe..of • .... 
simulati~g 'the-discharge cond!%ion of rurmers operating at .various 

.i 
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i ~ ~ :  c ~  , ~ :i~ : / ,  .... : ~.~A ;:~:< ~}!i!;~ "::'~' ~r: ~ :  ; 5 ;  ;:::~ ~ 

g te ope i  gs and  sPeodS.- Th s  : i i  : 
an 1 ' ~ L "  " ~ . . . . .  : F"' e~elred ~toas ~a 

g es and ~ere flxed at<0q }15e~ . O~ ~~ o L i ~ ne 
. . . .  " ' . . . . . . .  ' ' " r" ~ "  ~ '  3 0 ' - - " - r a n d  ~ x 5  ~ u n ; / . ~ / . - ~  n -  " . . . . . .  . . . . . . . . .  

w e r e  s ' , n n m e t ~ :  . . . .  . . . . . . . .  . . . . . . . .  r ~ . . . .  c . . . .  ~ . t e ~ m o d e J ~ s .  : 

a , , .  , . . , . . , ,  . . . . .  , ,  . . . . . . .  , , .  s e  t h e  ~ , ~ ¢ a t e ~ t o . ' w h  , r ,  -"~ ' , ~ :  

• ~ .~ , ~ ~ :: .... , . : , . ,  ,,~ ~ <~; , 

• , c!ent ,of.d~schar e, C ~v~sm ....... ..... '' ' r P~ f : : ' ' 

dle : g '~(,2~)~ " easured:,£or:~th~ ~ ', ferent v a n e  a n  les ~_~d,,for, . . . . .  " # ' ~ .... " "' :b'','," q ...... ' " ~':~ " ..... d~"' in" ~ ::' ' 

e £ o c l ~  r ~y& . . . . .  . . . .  . . . . . .  . . ...... . ~ ..... . 

. . . . . . .  ,~ . . . .  ~P secon~ L¢.~o co~resnond % normal veloc . . . . . .  . . . . . . . .  " p )'" . . . .  " : ' "  0 ~ ~ ' ~  ] l S  '~'~b': ; "  " ~ " "r '  mty of~i2 7 ....... , ,r'-~ .~ ~,~ "1 ~, 

. ~ ,!~ ,." ': '/ - - '~; ~ ~,." ' "Ji ~, .;~ 17",;~, -:~: ": : -/'; '.:," ~ ,, ,:' 

t " "," ' . ~ .  ~'~,U~tI <.L..U!" c angle ~ ' o r  eac ~ . . . .  . , : , ,  -.< . . . . . . . . . .  . -  c e~cn~vane : ; ' .  ' . " .  

(0 2 ), :and the ~.' : ' ,:g .... r" M concede~ ':th~L't 'r: 7' 

• c~'a~z ~ube':is ;:inde" e ..... -.,L~., ...... : : v e l o c m t y , a b o v ~  ~..: ", . . . . .  ' ; ;  . . . .  ,' . . . . . .  P n d e n t " ~ i o f , : ~ h e . "  , . .  ::; 
................. v-., ~ -'~e±oelty : of ,slx,~feet ~ ; . . . . . . . . . . . . . .  :. was selected as- ,on~+ ..~ ...~'~-~ - .... , . ..... ..... • , ~.per ~secon~ ..... .... . ..... 

~ . ...... .... ..... compare the ~effect~ v n ;~'~ ~ m o d , 1  ~ r a f t  t u b e s  ~ ~ .- ,~ . .... ' . . . . . . . . . . .  , - e e s s  , o f  ~ h e  . . . . .  

f i c i e n t , :  o f  d i . s  C h a r g e  i r o m  -the:::}'dro~,~::~t{tbeS~;f_or' a n ~ i ' A ; . - , ~ : ~ , - ~ : ~  ' ' ~  . . . . . .  ' :  : :; ; . :  
ranginE from 'r'o0 ~'~;~'~1""" " '  - -  '~ ~ "~'~'0 " @L : ": : ' q " ''' ..... ~qr:P ,~" " ~ ! ..... " ='~'S cho rEe ..... ,~: ;~ 

Calculations ............ : ~:;~ ''~: ~ ..... /?':~;:/; ~!;/:~: :' ~' : 
paris on 0f.~dis charge ~c i'a' :com-~i ~':/ ..... 

insofar as it'.win 

A comparison of ~ 

two ipiers .a~c ~.Z7-S 

a comParison,of ~c 

? 7. f.o o t ; I.ength "i.~ 
..- = 

the outflow~pas'S o 

to reduce ~the :ne.c 

floor repres en-Sin 

correspondingly ~f 

• evaluating : ~ i t h e  ~me . . . . . . .  
~ , , ~  u ' r a ~ : ~  : Z u b e , : . . ' i T h e  i , . ~ l o b r  ; w a s  ' n e t  r r . a ' i S e d  " . i n  t h e  c a s e  , : o f  : t u b e  !E . , : :  . . . . .  , - .  : • : 

6. Performance of "~ c.~ 

The performance of each model is ire6~;esented ; 
Firs~ the d~sch, ar~ ~ o e e ~ ~  ~ .~ ,- ' ~, "~ . . . . .  - graphically 

. . . .  ~ . . . . . . . .  ~ ', ~ 2  ~) ' x ~ a s  d e ~ e  r ~ i n e d ,  ;~f  r o m  :,~,the " l o  r~u la- :~  

Q 
~-- , , , , 

J .A 2 ~h 

:8 
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w h e r e  Q i s  t h o  quantity:~:0'f vn~ter :;flO~n~!'?n!:c:'~:S.~i./k':f;::i~ie: ; a r i a  ' : . i  ~ ' 

of the draft :tube throat :,in !squaze.~£eet, :"and ~h :~:i's :;~he'~;head~/on :~h~): '~)/ ':~"~'~. .=:,..,, 
m o d e l ,  The ' .~hroa t  .~el~oci: . ty ;was : i c ~ c u ~ a t e d ~ . ~ ? r o m :  . . ~ g i . f o : ~ u . t a  ~~ ..... ~ : '  ..... "~ .~."~:.-!~ 

- .  . . . . . .  ~ , : ;  ~ " . "  ~ . " i  ~ . ' : -  ~ . ' ~ ' : ~ r : . i :  

@ 

plotted aga:inSt an~i'o.~dfi!~:iW~'i-nl~in~;de~rees, " 
for -each model: ~- ~(~"~ . . . . . .  :~; ~ " 

;The Perf 0rmm~ce ~of;. }~ube .~... ::2s :shovm '!!Ln;i!fig~, 
that of tube A~I. ~in; :figs,.,:.iT.;tb. I~.i.~iiiinclusivel i!i ~!~ha~ ..... ;:~ 
~n fags. lo and 14I :aaaa ~,~;ha-t~of ~tub4 :A-II.l•::in ;;f'fgs",'~ 

The p erf orm~nc e,0~ .tube"-.B :;'!is ~ h0vm :;in. :~f.ig., 
/• ' • . ,  ,. 

, ~ . . . . . . . .  .... - .. . .% .  . ~ ' / - /  • •~i..i./-:;.~: :~!'~.~':r:/( ':: i .~' ..~" '.': ..~ . ' ~ • i: , _.~.~ 
The p err o finance -of ;~ube ~:,:C %s :shov~ i~in .f.i~s, .~2~ ~ o/~:,~28 f ~, ~ I~-) :.~i-.~ ~ .-, i: .!~i-i ii 

' ~4 ~' : ~ • '" • ~ • ' ~ ~ - :- " ' :' ,. :, - ~"~ ~ ".~ ~'~: ~ ' t ~  ~ " ~'!/ - : "<' 

i n c l u s i v e , ,  a n d  t h a t  ;Of. ~ube ) !D~!~ : i s . . sh0vm; . ! i n  ~ l i gS l . ) - / : 35 : , , ~d  ii34,)i:~.;-i~:!;//:!• ~ii ~!: ~:-::[(,~','}: 

and  ~ h a t  . o f  , t u b e  . F - I  :as  ~shown .~In,:f:igs~.:.:.,'~6.,and , 4 8 .  ~ : "  ," .~; .., ':~ :21 

7 .  ~Internal P.ressur~, ~ ;~. , . . . . . . . . . . .  • ..... ,~, . . . . . . . . . . . .  ,,.. . . . .  a n d ,  . l o ~  ~ C o n d ~ o n ~ . ,  . . . . . .  . . . . . . . . . . . .  . ; . . . . . . ,  , . . . . . .  ~ . . . .  . . . .  

. I n : . . ~ a f t  ! ~ u b e s  ~d;he , s ~ z e  . o f  ..,~tios.e~req-fi:ir2ed::~i~:ithe;~VPnee~e) , ,,.::. " ) ; ; . ) . : ]  
Power. Plant, the ;:,~tres s~s'.-~im~0s e'd,:;:by ;in~e..;}.~eS~S:u~e ;.c0nd, i~i.bn~s;i~a)e.• ";..-:. "i-: Si 
considerable, ;Pressure'.:bests .~ere:ma'de.on. draf:t .-eub.e-mode~Is :N.,?.!F,~. . ::~.:: .: i'.~;i, I 
a - d  .F . L ,  . I ,  ~ e w . .  o ~  p ~ . e z o m e t e ~ s .  : ~ s  , , : p l a c e d  "a;1-on~,  - , ~ . h e  ~. ~ = ~  ~ -  " . . . . . . .  o f  . . . .  ' :~'=~. " 

~ n e - r o o f  ar .d on e . a , l ong  , t h e / / , c e n t c r , ) l : i n e : ~ 0  ~ . : : . ~ e . ~ . l o o ,  r , ; : . , b o t h ~ , n ~ N , : e X _  : ,~ /  t~ 
tendin~j •from hhe outlet back..!~hrough..:the~!~h0r.~jz0nta,i.:~ec~ion:~n~ ~up "~""~:~": ~I 
to the throat..~:..A r~of!iio~iez~meters..~was~a~ls0'~o.la2ed.in::%he~, ro0f-~of " _  ,- ~ 
each of ti~e.:.-~ide passages :8~ ~the"~orizontal ;sebtion, -":! ~'- - 

? '  e ' ., . .ii: ~< 
• Pressu~.e :readings ~wer.e t~ken.on each model opera;bin~ at; 

normal a-is.charge Of 10,500 c.~.,s.. mud .at :0°., "15°,.30°, ' and:~45~ . 
a n g l e s  o f w h i r l .  - h e  p r e s s u r e s , , r e o o r d e d  , a t  0 ° ,an 'd  ~ ' 8 0 / , ~ w h i r l s - ~ w o r o  

so nearly alike that only 0°, 30 ° , and 45 ° amglos were -plotted. 
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~e results for tube A are ;shown/.~n~ifi~ 15111, ithose.for~%ube!F in 
fig. 82, and these for 
the ehanses in pressure 
increases. 

Photographs e 
on Plates I and If. W 
th~ flow lines etch'the 
occur', there is a piTin 
~vater fails to flow the 
indicated. In studying 
that the flew lines ind 
the internal conditions 

° 

8. Tailrace Flow Condit~iens. 

In order to ~study fl 
the river bed as the water lea" 
of the "~ater surface v:ere umade 
it could bemeved to any ,point 
profiles ef ~ho~bettom of the 
each of the tlu'ee ~raft ~tube ,Li 
profiles ef the water surface 

left bank. The ~river - - ............... ~ ........... 
tailrace v~ter surface 
Fig. 55 shows ~the ~prof 
except for a retairling 
left side of the dr~t 

~vater surface 'for ~un~L,~t i~num~er> ~tnree~; ::,operat~in0~alon e 
i0,500 c.f. ~.. ~'with iriver isurfaee !i~ ~Elev~. ~ !505 (is :ishev. .... 

Tests .were ~.made to ~.deter~in6 'Lwhat/the ! c ont!itlons!~iWOd,ld ~ib6 i, :: ,~. :j 
with eight units operating at~normal ~i~harge ~and ~t~i~h6ii~i~6r~LiL ~ 
surface at various ,elevations.. l~ig. :57:shews ,eondi:tions.~with ~all .~ ~ 
units :eporating at normai,discharge .witll ~riVer :su~faoe: ~at Ele~. 505., ~ 
Elev. 508, and Elov~..512~. :Irof~_les~were :.baksn opposito:<~each~ofi~he • 
three outlet :passages and the averages ~of these-readings~plotted. :::~ 

TFhcn only ene unit is operatinG, :the water so :spreads over 
the river be('. as it flows from the tailrace that it is :diffioult te 
determine the velocities. From observations on thc model and from 
the profile shown on fig. 56, :it is apparent that the .velocity is 
very near the c~'itieal at a point in line with the draft tube outlet. 

i0 
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With all unit: 
second feet each, and tl 
hydraulic jump occurs j~ 
As the tail water level 
stream and finally d~sa] 

This condition can do no: ha~ 
is concen~ed. On the other ~ 
the river bed below the ~ail~ 
level of the v~ter at the dr~ 

It was sUggested:t? 
raised in order to :increase 
This w o u l d •  decrease the operating i 
it at Wilson. This~relation ' is s 

] . ,  

i; ~'/~ )!:;, 

/ i !ili!'i!i i 
9. Conclus~.ons. • / : - :  ~ 

T h e s e  tests i n d i c a t e d  ..... that ~o~.iincraaso(.th6:.:lengt~',i~,iof,~thO : - 
h o r i z o n t a l  s e c t i o n  o f  t h : o  d r a f t  t U b e  :fro~i~:77~':f.ee~:to/toO.:,f'~(~;0, :~ i n c r ' e a s e s  
its efficiency. :It is :doub 
sufficient to out~veigh the 
tional length to the ~ h0rizc 
these tests, it seems that 
zontal section of a draft t 
Tube B and tube F are simil 
sections. Tube B has a s!o 

• . . . . . . . . . .  . . ~ .  " : . . -  - - ~ ' ~ ' . - ' -  ' - i .  ~ - 7 ~ - - - .  ~ ' ~  

18 ° The curves indicate that ~tube F is slightly 0ffin p erf0~nce ~' 
when compared ~ith tube B. •iTh~s may: 
limit has been~reached for~tX~slpart i 
it does n~t indicate that/it:haS~been greatly exceeded. ~qt:is/believed 
that the permi/ssible slope depend S<~a~great '~ deal uponLthe~i~design~i:of:i {LI 
the elbow section and that much maybe gained(by anlKn~gLti~ati0n:0f 
this feature. In installations like V~heeler Dam, 
that much excavation might be!:JsJaved. Furthe:r}Ltest 
are to be made in connectionv~ith: the Gr~d C~:{~lee development., i 

It may be s e en from the Co effieient-ThrOatl veio~citM I. curve s~ ~ J/ 
that a vet F unstable condition developed when the throat: velOCity ~ : 
reached a value of approximatelysix feet pe r second. A great,many 
check rune were~made at this point to deterr, tine the reason for this 
break in the curve. It was concluded that the cusp was caused by 
vortices which formed in the forebay and extended into the throat 
of the model. To correct this would have necessitated a major 

ll 
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alteration ;In 'the 'f.lume 
a higher •value ~for the • 
sitated raisin~ ~the .~.he i 
for V2,. 

'As ~,tube :'A'I ~a: 
with -two 'piers, ;~t ..Was ~hou 
and two .piers also;. ;;~Tdbe ~;C 
pier at all 
as efficien" 
consistent 

shock loss caused ~by •the ~sudd, 
and ~ accounted Ton,,~,any ~other/~ 
unconfined wi~ll not ,:aff~eet ;;t~, 

:neces- 

required~,:to supply lithe - ene: 
55, ' 56, and~ 57 :nay ~be;addec 
by excavatin~ the :river ~.be'd ",to ,= 
velocity less than:thereof :crit: 
e~cavation. . -- ' ,. 

Takino~ ~the.~slz~ ~ of ithe 
into considerati0n:iit i.is ~s. 
of Wilson D~m-,within ~ c e ~ r t a :  

7~eeler Dam a "lesser,amoun- 
it may be :seen from :tho-cu: 
~o be .gained by. rai.sing.!th~ 
four f~et. .... . .  . . . . . . . .  

,~,; ;~ ~ ,, ;~ ~; ~i~!~i!:i !~:% i:~;i~:~ ~i~i~iii~ 

.r, 

~. - -;.;. ~i ~ • - ~ • - •. 
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A. FLO'J LINES THROUGH ET~BOV/. 
450 A~|GLE. 

0 

B. FLO%;' Ll::i$ ;LT GUTFLO,;'. 
4 ~  ° Z/;GLE. 

e C. FLOW LINKS IN ROOY AND FLOOR. 
400 ~ G L E .  

~£IffT TEST ON D ~  TUBE ~ODKL A-II  
SHOIVlNG DIB~TION OF FLOW. 
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~AI~PENDIX ~ 

Y~{CRANDUM f.'ON .,',~BTH.O D-?OF •' .: 

~V. ,L. :Streeter.; .~unior iNineor ' i,. i.':!! " :"~! ~::-~ - • • ' .j 

..._ ii I 
:Thi s memorandum ~Is .a :dis cus sion ,.of.;i!:'~a~t~%uUe,efT,~ c'f~&v,. 

formulas. The quan ti%i es ' no c °s sa~. !:t°.~:b0 ." meas ur0d:2:in£, or,:d e'~; ' . , .  , ,"~,:% o-: -2. L :i ii-:,~ob_ .... 
>-,~'/~ J .o . .. 

p -' '-'~ '' "i.t4: :.::' :i :<'~ ~ j 

tain a correct ,efficiency :formUla:::~are~'discussed;__ ~' '~ ' " :'' 

tical to .get all ~the data obtain :the 

only those ,data were procured :wh'Ich ;~oul~ ,..aid~..~in , 
:' ':..ii' : "' ". ' " .-.: 

efficlencies. The relative:officien~Y.of.i,two,:dr~ 

same discharge and ,.vane .., angle !,.may 1be.obtained:i ;:hc 

parison of the heads r.equired ~-to ~produce :~:o g i . '~en .d ischarge . :  ";: ::i:" 

,.~ In the :draft-.tub e .-rachel.ire s ~s: f or ~Y~ne 61~ .- 

' ..... . ' i:i./.~.~,, ' i ?:i, ~, . £:":i 
-~ferenc e in eleva ti on, o f,=ihead..~a t er,,i!and.:i:ta-i~l~ate~]:~i~S irec .... 

,certain discharges and vane ~anglsS:i'wii~hOut,:a:~: ..... hea ';to.i- 

the dov~nstre~m s fds of ,%he. orlfic~, ,.,' .:. : ..:.~ .. 
.i. 

~~ork :done :by.-~the draft :tube . . . . . . .  .;i. 
energy :,avai'lable t o  ido.work 

. 'lhvo methods of deriving the ~effieiency ~formula are given. "l~ne 

f i r s t  d e r i v a t i o n  r, i l l  be s:Lmilar t o  t h a t  :used fin d o r i v i n g  t h e , e f -  

f i c i e n c y  fcrmula for the draft-tube-model tests made by ~Lr. Io A. 
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for the. Alabama.~Power 'Company- ,m'~,~".J=a~,,,~ '.' ..... • ........ ' -: "". .: .: .., - i~"~l . 

out from.suggestions madei,:by-i~ProZ~:iS..~,,M,:,..~.~ooawara, ,.consul~.~ant~,.fo~ ~ -  " ' . " _ _  ;; . 
• . . . . . .  ' " ,  . . ~ ' . :  " : .  , ~  ",'.~ , ' . : ~ :  . . . .  " -")~' ,. b 

' . . ," i ' ; . '  . - . .~.: '.'" " "  : . - '  :;.,...~.:..!"::"~.,,-;~'!.. ; ;(./~.?.:;..7.:.:" . " 
T V A ,  a t  ! D e n v e r / J u l y  : 2 5 ,  - 1 9 3 4 .  - , .  , . : . . .  :,,:,:-.,~ ; . . .  . . :  : ~ ,  'i.;:.i. ;,.:7 : . ! ~ , / / ~ > . . : ;  i .  

- " -. " ':':'..:~: ....•;i: :~ :..;;:. i.,,;:.:i,•.,.i!;:t;~:'.,~i{~i";;.,~,i,..:;-...::'..,,. ~•~: " 

Q 2  ~= . ~ , v o l u m o ~ d i s c h a r g o d  :-by,,~ /!:ii~.i~ ::?!' 
f~ 

A Z cross.sectlonal~area .~, .:',.,i. 
':~ <- 4/: -. 

-- _ .:. ..... ,.r '~i:" "'i ':'i '; 
V 2 <'QE/A.'- av0rage axi~ ..: ', ";,.:.: :-~, 

C I - -a coeff~icient-ifor 

C2 ~- 

" i;> :i!ii:;i /~NOTATION :.:!: : ' i!i/i :'~: 

C" 

'th~ ,d~aft -tube ~.atl 

,ane angles, and ~ d~'SC .harges...i ,.~ ;.., : i,~?-:, i 

"a coef£icie: 

-.vari e s for -.a iil- er ~i~ ?ValqO ~, 
draft ~tubos. r . . . . .  

he ad .~requir ed ~f0z' <di sChar~ 
.draft tube~:att~bo~ -: 

h , .m  

• ' " • "-: U,'....~'~ 
• ~) :ir :! " ~ -  • ~'r , - -  

' :  ~ : ' ~  

h I 'z head-Jrequir.ed =L:-X~! 

K ° E .  - 

W 

g . i  

- 

..V t 

: ! r a ~ , ~  ~ • : ,~..~: ,• : .... ;%:~' ...~,.,:.;: hydrauli 0 

.:kinetic ,,snerg~! . . . .  . . . . . . . . . . . .  ~: . .... • .. • 

~unit v~eigh~of~ter ,-', • " ! : '5 _... ~., :~i i, 

gravi~ty ~. -<~ 

axi~l .veloclty at ~variablo :disSance .:r f~rcm ~corlter"" ;' 
of orifice/ - .... 

tangenti al"-~eleci.ty, at -varlablG, di s tanc e ,r '~rcm 
center of orifice 
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@ 
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' ' " _' .... ; i <ii 

V r -.= radial ~ve~cei~'tyat.~vari~ble 
o f - 6 r i £ i e e  ' :  " ~ "  ' 

~ . . ' = - : . v e l o e i  .y distrlbuticn ,c oe£fic:ien~;:ifor 

c ~  1 "Y. 

~ 3  m 

W , -  

e : :  

-V3 ; - -  

E l _  2 - 

.:E2_ 3 : 

E '  - 

C, 

(J ~f 

' - ! ~ r o m  .centerL : .  ~'- 

i ' h  , /  ' J ' • 

the or:i.fi,ce ~w: i :~h 

~ithout ~draft ~tube~:a't~ 

of draf..t ::tube~.. 

work done in Unit .;tim~ 

efficiency i " :  " : • . '~: ~ . . . .  • . " " i 

loss :duo :.to ;fri"eti'on,:in .;draf% :'.tube ~ '- -~ ..... -~ 

los s .:due '<%o :fr i c.ticnli:ifrom-: o r i : f i l e  o: [to ~tu il~at e r i , : , : ~ s u r f a c  e ,i!!: '! ;. 

E~,! 

:. ~, .i ̧- :: :i ! ./,i:.~::i :. :."!.~., .. --~ ..-. : i~.... :, 

" "- "" ..... "- n ~' - ...... ; q '.t/:: 

. • This method:cons!s~s .jo!.:~measurxng/and ~eomParing:::~thei?~ead:.~! 

required~ for~a. .g iven "~'I'~ .... z.lce, ~;.e~c .-.:,Titan 

and wmthcut ,tho ~draZt-tubs ~mcdel~%ta'ched~ .:,:; Condi".tions:;of ~di-scha~Ne'. 

and rotating motion :.of :water°? ar.e~,made :,~'o:~.vary.,~but ......... 

is al~ays :the:head :wi..th ahd",,Ti~thbut".:the:.draft ;tube :a 

same ,conditions :of ,discharge ~an~d:(~angular.::ir.c~a.ti-on. ~':!:/"i.!.~i":: 

i On i. e " With .the.~notation as~g. '~. "ion pag s:~2 :and 13, .-.,.~.. .: ...~ 

-- a 2, ,=ilca:  -, <(i!) 

Equation (i):gives the rclation of head-to dischargo for the orif.ic e 

wi~thout :the draft tube attached. Equation ~:'~-) gives tho relation of 

3 



O 
head to :.produce the same discharge 

c onditions, of set-up: !th6 '.S'~6 i :;l{i "'i 

r 

differenee~h-h I 

The draft :head, )h-,.:h] "" : , { . . . . .  : . . . : : _ . : :  :1 :~, : . : ~s - ; . ob tadne  d -!bY: , .cony.  

the flowing :.water ::in:%o ,wof'M::":;. :.:~'e.:i.~i~%i:C'i::~:~! 
- . .  . :  , , ' . . "  . .  :~ ' . , .~  ~ , . . ,  , : ~ : ' . :  

the orifice inun±'t ~i~e":£"S:"::".{: i!;:/i.: -:' '~ "" "::!:{: 

where r' 'indicates:,~tho:: 

'.:: :~-F. / " =. ~L~I ":-' ~':(; ~" " :  '!'~::':" 

for 'totai .klnetic ~ energY /may !:be ~wr, f~teff': 

, 1 w a y s . ~ b o  . , l e s s  ~ h ~  :~h.~ .: : ~ e :  
: , ' . : : , ,  .,~ . . . . , . . j : . , ? ~ . ~ . :  ~:'l,~;iq~',( ' ,  • - , , ~ - ~ ' . .  , , . ' .  , : : ' "  . . . : 

ithe::draZt',.,of :,i e 'ardf t,  be.i; : .  i :,: 

] e  ~:0 

@ 

O 

where ~ iis ::a ,c o ef£ici ent-.:gre:ter .:than :~ 

The ,work "Eone u 

the. head ;!from .:h I :it'O :.ih !:is 

and the ,:ef~iciency ,:of the 
o 

: :  " :  k 

or the ~.ratio.,between -the w 

that wor~. " ~ " . . . .  . . . . .  .- : '~" : :  .... ~ ~.:: i / ' : - :  ~ .  . . . .  -~"=:-.:::.:......_. -.-=.. . . . .  : - . . . : -  
_ . . "  . , .  . ' >  . :  . • • , . • . . . .  / F 

Eliminating . . . .  h ~and ihl between )Equa,~i-ons ((C]:, ~('2).,- and (~) .resu~S }inx '.,-,.. " . : ~ .  ~ - ;  .C~ ...~: 

: : t h e  f o r m ~ L ~ a  . ~: . . . . . .  . , . ' , . , ,c=•  

~ .:. 



\ 
i, 

@ :. .,-;. ~ ~ f 

• - ~ . . - ...... ~ ..; . . . . . .  

,tribu~i on .'c oeffic'i e~ 

orifice area for th~ 

@ 

@ 

draft •tube ~muSt, equ~ 

tube entrance :minus 

and "the .~kiinetic ener 

-;~ .. 

The head on " the .{dra~t:i..~b~i-: 

in building up<the.~eXi',t ~..~:~T~ 

.n 

) . - Substituting (5):;in~](~ . . , 

'As the : kinatic,~energy~,.ava±~ablei~.~a:g.ighe }iO~i~£ce :~ 

i ~ " -  i- ~ * 

the efficiency ;i; 

~ . e  - 

E 

"; " 2"'  

•5 

i 

• ~ ~  i)!!, 

. .  U 
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@ 

For a given ~discharg 

regardless of ~the'~dr~ 

where B' ,and B are '.eonstan~s~.~: [Th~fS":Tor~a~ihoi'dS~.~o~ ->~ ......... . 

of two draf~t:~ ;tub es/at ' the !same,",vane ,~an~l:B ~ al~,:,~discha~ 

values of the tense,rants ;B, is~d :B ,are ~.knovm, .. .,J: i ".:: 

- : !CO~AR,~SON . . .OFJ~ , ~ , . ~ , ~ ' 0  . i l ~ . T H O ] ~  . . . . . .  

. . . . . .  ' C': ':: .I' 

evident-:th~'t ::the.y-~a.re iid~ 

,gr  

.5 

6. 

:which sta.tes . tha¢ the !head, '~h, i~o'n i~he ,,e ic iv~ilth~ut a draf.t i'ui~o~i~: :~ 

attache~ .is :complQt.ely ~t1¢ize~ :in o.ver!omlng :fric.tion Trcm:::'.~h0.:?head- ,: :~i~ 

water -,to :.the ,o=i:f:ic o ,-..and :~n ~ibuilding ~up -the~;k~netic energy:~available ~:. .:~ 

a~ the -orif.ice, ."I,t.~Iso • :;impl;ies: :,.the iassumption .theft :.~;:=~'~;-.:,. ~n'.~6~ther.!. :'. 

~wor:d~s, ".to ..obtain -the :eoef, fici en¢ ~C i ~the ,orifice :.should ;~is~char~e.~in~o 

a :large reser~olr:~in isuch ~a .manner :tha~t..ne ~add,i~tlonal i'-losse~ occur 

due to ~friction !between ,,th~ or±lice and.'.the ,tailwater sumfaCo~ .~s 

this is :no.t ~tho ease for ~he/,:~hecl-er ~raf~t,~.tub~-.model ~ests ~C I .will 
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I i t  

w ~  

, 3  

I 

..~ ,9 

h a v e  . to0  , sma]~l  .~ a . v a l u e .  - ~: ~: ~S .,: :, (:i..i::.. :. i ~ ~% ':,,~ 

' =- iEST]1~ATE "DF-~TI~:E :V~LLUE ~.0F . ~  ~ ,~i~ ~ 

' :  '~Wi'~hout ~tho-dr~a~tl  , t u b e / a t t a 6 h d d i  .:~, :: _ ~. 

t , .  : j .  " 

with :the, d r a f t  :l;ube~.attached.:::,::: 

4 

~ ' : . . t - 2 A ~ : .  ,2-3 :~,~E .% 

s u b t r a c t i n g  , t h e  , s e c o n d  :.from % .:)i.::::" ~,: :. . :  . ' ? . : ~ ~  
, .  . . . . .  

_ . , . . :. 

,'d2g ~ 

by substituting... :4.R.'for ~:~,. :the :diame~e~.~ ?:A~'meanJ:value ~o~ii! 
• j . ,., 

tion 2actoz.; !.for:the draft-.tube~surface ? Stima.~6~. ,.:~ 

.tions "throughout.,.. the ,:d~a~t tuB:c is !p': I 

ordinate, agains.t :L, :the :dis.~an¢ =Ne!!~ 

m e a s u r e d  ? a l o n g  ~the, cente~lino :Of :~he.~tub;-; .  ~ a s - ~ a S s e i s s a .  ~.-~i 

is.: a.n~s t~ mn'te, of.,~,tne~,los s ::due :!.to :fric~i 

draft tub is ~are; ~ve=y.~iirregular .wi'tlii~l 
. - > ; ~ j ~  

, . . .  - : .  . . ~ .  " :~ '~ .  

thls may .-safely :..be .taken as !ih:e~minimum ~loss.::~ue ~e fr, iclt 

given ,..veloci.t N, .Equation ( 7 ) :may?be .~wri:tten ."in :the ~form;~! 
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" : " .%~;V,~' i ~'~ . " ~.!ii.:-"~.:'~-,:!~ . :~:...:, ., ..-... : .~ ., 

The d~fference, !h--i, hi, , ~is ~ob~t~ 

~ ,  V~'andVa ' -  are i-kmown.: .~E 2 Si'may ', 

E" - E' will be neglected.' :~ssum, 

,value. From this :Equa~ion::a .valu, 

reasonably sure :.to :be a mini~.um. -As : 

undoubtedly smalS~, :"It canno't :b e ,'.state~ 

minimum .value. 

k v , 

0 ed.: iwhi'c;h': ::is : 
k 

o u c h  .... 

• - . 2  

h e  :same 

c onditions :of dis charge and vane ~angle,::.a~mlnimumf~.vaiue.::o.f.~il !.~y :i-~5e~!;ii!i::,i~!!i~, 
• . _ . , . .... ~.,~ ,=~.!~'~,',..,~ : - , ~. . - ~. 

Vauo r w i a , ~ . ~ r o s u l i %  ° ~  : ~ ' ~  . . . . . . .  . . . .  ' . •: " estimated. • :.THi•s ~ , o ::in ~h".,~.x.~um"i~Value .ibf .:I/.),~: . :'.: 
c . /  

@ 

As C I :is - also .too. smal~,.~ a :maximum:}vs!Uo ~6f::~:.effi'C:i0ncs, .w£11~be '-es ti' " 

@ 

minimum :for tho :~mne angle ,00,, ......... "' ' " ~ ' ~: " " .................... ;F.or~ ~the-:,lS0- ~..vehe !~:a£v~lo,., ~. iam0unt s .-t o 

1.45 as aminimum. !For the imeithod:. " 

gi.ves no addi~tional informa %ion , .ias"}ithe 'value".,comes: out • i~ss::.than:.liO::i~a 

which :is imPossible..:From "the ~draf~t':tube-m0del ~tes'ts ~:the ' imaximum 

value ~of the .eff.lciency .would be :ab0uti:.V.6 % :fo r. ~ubeB~:~2 .piors~,,i%100 T~. 

length (prototype),, while i~t is probable =~that.Jth -- 

siderablN lower,. , . ' -  

g 
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The velocity ~di~st: 

as high as ,i0,~ With ¢1Va~0 

has a vary poor distribution 

draft tube 21:h22o::!i2iS~ii2;i.~i,water.!.~were ~,~o'i . 'd~ ' me ~ e u t  jof:~. ~on e ~op  a u -  ~: 

ing or~IZ,~ , .  . 

~ the factors o t~be 

accurately determlned from th~ ,avt~ilable experir 

possible to obtain 'the c~ual~eff~iciencies. ~,The t~ime-,an'd ~•expense in- 

volved in measuring velocity ~ distribution c oefficten'~s ~prohibi,t '~their 

@ 

@ 

~ ; •~: ~:•i .... ~ • i~/~:i ~i ~x• ~ 

ponents of th B ~,volo ci ty .with -~th~ ~draft t~be~ in i,ipl~ce./iTh ~i. ~0£0c£ ty 

distribution coefficient ,,&( l , ~ou~d,,slsoihnve~to ~be :de~ter~n~d~by :the 

• ti f .  • T h e  ..... ~ " ~oqu " ~ same method as :the determlna on~o .y.,. :~gxperimentnl,, 'ipmgnt 

would have to be altered,~ however, ~so th£t ithe ~or~ifice ~Jould ~discharge 

into a large reservoir before '~!l ~could {-b0 measured. ' If~the ~time ?,rid ' 

< 

expense were taken to obtain "k!,.#.i,l~ , Cl,~ ~e.tc*~, ,the :ac:~ual 16fflciencies ~" 

of the draft-tube models with v~lnes ~abevo ~them wouidibe determined., % 

As the prototype :draft tubes ~have runners ,above ~them, it 'would ~bo im, 

possible to predict i~hoir correct effici~ncies ~because~of tlie iack ~of 

similitude above the orifice. Xt best 'comparative ~efficlencles .v~ould 

be given for tho prototype. Comparative efficloncios can:be ob:tnined 

from the C 2 coefficlenzs, thus eliminating the necesslty of dotormin- 

ing~,'~ l, C l, etc. 

9 
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for the same disah~.rge ~and~vnne~angle.. 

may be selccted as i~better ~:~han a: 

cannot ~be ~obt~ined. . . . . .  : , .%:~, 

i 

• / , ~ , .L k 

-'' :~ i' :~-,:. i ~'~ . o ~, ~,: ~ 

;~ii~.~i.,~, ~ ~i~:~ '~ '~ ; .~ ~ ,~.~ ~ ~ j ~.~ .!i 

~i .... • i!i~i~ii~i ~,i~i~i~/~• ~ii ~ ~ ~ ~'~ %~i• 

~'~ • , • ~ ~ '~ , ~: /- • ~" ~,/ f" • ,~ .,: i ~ ' ~ "/~ ~ ~, ~ ~i ~" "~:~J~l.~ ~:~L~ ~" 

_ ~ ~L ~̧  ~ •, 

0 


