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the Blue ~River and ~r elease t~ 
which will offset ~he effect 
Lake through ~the Continental 
of water w~ll ~recuire a drav~iown ;in Green ~Mounta~Ln reservoir of 135 
feet each ~year~!<in advance of the ~Dlood season, 

Two 15~, 000-horsepower 
~will be installed in,Green ii 

• diamete~ be suppliedwith water ;,by~a 102-ineh 
stock system which suppiies !the ~turbines e~ 
consists of a itrashrackst inte 
inlet shaft 15 ~feet ~5 'inch ~, ,a,c0n~crete-lined ~tunne~l 18 
feet ~in diameter and approximate!y 8101 ~f~ 
. . . . . . .  ; • . Q . . . . .  . 

~It ~. w a s  !found <tha~/~,the"ipie r 
in preventin~ ~the ~formation of 

" ~cons:iderations be ~the basis for ~selec- 
• rich of ~pier shape. 

Three de signs ~of Y-branches were : studied and ~it was Ib~nd thst 
the istraightTX ~has minimum ~loss ~at zero diversion ~v~hereas the ~oor~cal 
Y has minimum ~loss at iiO0 ~percent ;diversion. Since ~the difference 
in thesetwo is ~very small at low~diverslons, the conical Y is the 



better~esign, considering all conditions ofo~eration. 

3. Purpose ~of; s tudies.~L /The ~hydraulic model zstudy was ~under- 
taken initially for the ~purpose of ~selecting ~ the most efficient 
de s i g n o r  bend ,  ~ i ' c h  w o u l d s  a t i s f y  d e s i g n ~ r e ~ i r e m e n t S .  ,: 

V~'hen the bend studies were :completed, it was ~ d e c i d e d  ~that ~a 
study of entrance :conditions ;at minimum ~water surface ~should be 
made because of the pos sibility that vortices might for~ 
air into &he turbine ipenstock. 

in order to supply ~hydraulic ~ design information, three ~Y-braneh / ~ • 
d~sig . . . . . . . .  

• ;model :of ~the 
structure ~rrom~e bellmouth entrance ~to ~ ~0 ~diameters 
downstream Jfromi~%he elbow~as i cOnstr~cted ~1:~9,671. ~ ~ 
This model ratio ~ was " chosen :sol,that ~available materials~could ~be used. 
The, re servoir ~was simulated i,by ~al metal'~lined-wooden ~box ~.of ~ ampie ~,size 
to insure !.proper performance-: of the ~entranceo ~i:The~!bellmouth i, entrance 
was machined from a bronze ~oasting •~to ~in ~La~, 

~ n s t r o a m  
• e l b o w  mode l so  w ~ s  
e l r v a t i c n  o f  i~flow , con -  

d i t i o n s .  :The , r e m a i n i n g  ~pcr~icn:: o f  ~ the lmode l  c o n s i s t e d  ,.of ,an~aluminum 

Water was delivered to i the i head box %hroughsuitable ~plping ~BY 
an 8-inch centrifugal ~pump, and~ ~i 
emptied .into a :tank• which ihad a 
This tank was equipped with suf~ __w 
conditions for the orifice. ;A water column connected !!to ithe tank 
served to indicate the head over the orifice. 

~ O --- 

w a s  made 
performex 
discharg~ 

k 

9 

~4 

sulting velocitie 
prototype. This 
crease ~In Reynold 
rive of the pro~o 

discharge ~because of ~its :relatively high sensitivitytto change In 
dis charge. 

The t e s t i n g :  p r o c e d u r e  : f o l l o w e d  .a s i m p l e  '~ 'pattern.  The ,  d i s o h a r s e  



of the pump was adjusted until the level ~in the ~head ibox ~reaohed 
a predetermined level. !~ith the head this level, the ~di scharge 
• ~as measured by means of ~the orifice !box ~at the ~end of ithe model. 

readings on each. It was verydlfficult ~to set the ~level ;in the 
head box at the exact i level desire~; so a set?of ~!ten readings~was 
taken s lightly above and one ~ 
charge at the desired headwa 

level. Tlie ~dis- 
interpolation. • 

" " m d  ~!in a s  ! s h o r t  
ruder m e  arly 
~in ~is ~manner, 

idi~tional 

The velocity ~distribution at critical'~Sections was •obtained by 
means of a cylin~r~cal !pitot ~ u b e .  three,openings ~in 
a plane perpend~cui~r to its~axis. 

tion of the velocity vector !in the ~ilane ~ofthe ~holes. The ~direction 
is obtained directly ~by ibalancin~ ~ ~holes, 
and the magnitude!is ~computed from s cen- 
ter hole and either s. Measurements were taken 
across two diameters o each other .... 

Pros sure measurements were taken at several sections, includ- 
ing all sections where velocity traverses were made. Thes, 
sures we,re obtained~by means ~ol 
or mercury col~nns, depending ro sure. 

6. Intake test s. A ~few changes ~had to be made i~in the ~model 
for the intake studies. .... 
strictly comparative, ~t 
not the case for the in 
tions at the in 
essential that 
To aceomplish ± 
pipe was replaced by a 
which gave the scaled 
ope rational similitude 
sents the control of ~h 
intake tests were ~isua! and consiste 
piers and a training wa~l ~of special 
shov~ in plate I. 

?. Y-branch tests. 

j 

After concluding the elbow and intake 

3 



~ i: ~ ~i;~ ~ - ' i . . . . . .  - -  ' 

i headwater bo 
weir box,so 
A ' f r e e  ~diseh 

, !  

,A ~valve the-end: of :~the ,ibranch ~line, served~o ~contrdl ~~he per- ~ 
;oentage- of '~,~otal ~flow diTer~e 
the ratio set ~bY !'the size o£ 
pipe. This Ta~io wasvaried~l 
orifiee. For i00 peroent ~diw 

again 
in ~h 
disch 
lice 
,tions 
and ~ 
these sections. 

' a n e h  within ~he limits of 
at the ~Of the ~direot 

f .  t h e  ~ d i s e h a r g e  . 

• was =~<blankB d off. ~ 

. 

<4 

sho~ ~2, 
char sho~ 
aocording ~to the val 
head. 

Bend !No. 

13 . . . .  Long 
/8 .':Cons- 

• s t r a . ~  . . . .  
~SA ~Constant diamster...-~ 2 ~ I / 2  D 

9 ( 

5 ,( ~th throat 
9A ,- . 1 ,11o  .n 

1 al 

3..~O~0 5.O37 
5. O18 3~.O18 

3.O02 
2 , 9 8 9  2 . 9 8 8  
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,Z 

Bend No. 

7 
6 ,  ~ 

'~A 
.2 

~Dischar~e a @;~.s. 

,Vanes -- :5 .~..vaues . . . .  ...... ~2 ~972  ~. 
Converging- spiral,,ellil~ical '2,~940 ' 
Vanes- 9 ".vaues .... :2,901 

;2.(98B 
2,~976.. 

~2~9~8 

2 , 9 0 1  

charges are!listed for~eaOhelb~v:arrangement. The~firs 
listedis%he value 
as explained previou 

results in the same 
'cause :all other ~mod( 

m ~ h  ~': 

compensate rfor !the variAtiOns, m- 
.puted .by ;prop, 
inch diameter elbow. .The de- 
crease in:disc loss the .same 
total head was then ~computed~by.the .relations: .. 

C 

where 

v 2 
:~v = q ( ~ a s . 9 / A  ' K= ~H(tot~i.)/. ~ . ~ ,  : ~d 2. 2 

and 

The col 
unoorrec~ 
amount s ~i 

performa~ 
point -~is 

made to ~f'ind :it because the chan~e _ 

very slight. It ~oan be :stated that the length of ~the ctangent~is not 
critical between :1"1/2 .and 2-1/2 diameters., ~ and .~i~.e f i na l  deSigncan 
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" ~ s , .  

/gq ':~ 

i 

ofil-li2~diameters~ 

In, selecting the elbow 

~lecessar~ 

/ i t  ~,~was ~ ~.n- 
"~e ; long  ~run 

evalu 

Charg ~. ;: ,,:. ~:i 

The ~ re sults ..o f 

and ,4. ;. /A , sketch ~.c 

a ~ k n o ~ n  ~dis- 

shov.~ ~!in ~fi 
ign~ and ~t~ie if 

t h e  m e a s u r i n g s e c t i o n s  ~' The ~ v e l o c i ~ , , d i s ~ r l  u t i o n  a t - e a e h l s e o t i o n  
is shovm ~ :isotachs • drawn on ~,the:~eross 

section, ~, ~lo~s of 

distance ~ons':~vith z _ ~ w ,  
the,omamner inwhich ~he ~,distr~bution - h.,,elbow, 

-./I 

J 

I 

,'i 



minimmn .: s e orion .but ~ from ~ here .'on ~ the '~di stri butiOn ~ 5ee~mes :mdi sto ~ed 
in a ~ short ~distanoe' an¢ c6, 
:It .is ~i~apps~ ~ent:.~that -so • ; !.the '" 
flowi: re'ins ~:i~stable ~ anc accele- 
ration: is :sI,topped, ,secc ow 
~actually "deVelops ,Be for -~ ~ -.- 

It, has been   ,imposea 
on :a ."bend 
from it. ~: out' 
exception~ O~fi~bend~No. ~ 8. the-constant ~c 
no z z le .is ~%he ~most i-e ffioient ~.of ~,the ~ao~ 

amount ~Of :.aeeeleration ~ is ' mater~ally iiless i:for !the :oase of: bend i No. 'i9, 
~it:~eannot~:be~compared ~directly~,with~%he , other acceleration b'endso 

The nondimensiona! ~tion 
:for different elbows, h 

due to ~ the :influence of .the measuri~ ~tube. 
forithe ,i,.smal let ..se " " 
i s' re lati ve ly ": larg 
again ~demonstrated • ~:.. ..... 

tested, :as well:as ~the ~ curved 

. The : intake ~ . . . . .  ' ............. 
ture, • -Small e 
an .~nde s irable 
presenoe of ~th, 
Although: small >vor,tio~ 

the intake. ~.Thisedd~ 
out : by ,the piers. '~ 
form 
preve 
inthe previ¢ 
small eddie s 
be~ distribut~ 
~ith regard to .the ~ ae~ 
marP~ d differenOe ~cou] 
ori fice, ,4 _inches "in'~c 
orifice at the end of 

made to measure losses because they,.are.of:such small magnitude ~that 

7 
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S go. 

they were almost imperceptible~:~u the~mOdel. :The ~choiee o ~pier .~ . 
llose ;is 

trainin~ . . . . . . .  i's 

vmll contributed no appreciable 'improvement '~iin Jflow condlt~ons. 

In,~a! i '.case s '.vortiees ; 

:siona] 

nite i~ ;he iintake,.~,without 
piers 

i ~, ~i 

water level i~is.low. .... : ~ ': 

were underJ 
~f Lbranch ( 
comparison i 
they elooit~ 
are plott~;d ~ a~a~ 
losseswere com] 

Loss ~of head 

.- ~ 

where 

:H1 ='pressure headmeasured at:~seetion I; ~ 

J . • } 

it is evident f: 
are quite similar. 

'~th 
sli 

~i~ ~!}! ii~i~!~ i~ i,~i~ ¸ ~ ~ ~p ii ̧! 



i il 

~ r f e o t  
:needle 
'Ofiloss 

r e c o ~ n d e d  : f o r  ;,inStalla~ 

Any lo's s/' cbmpute'd ~ f~om ~:the :~:p.ressute imeasure, 
o-secondary!flow, or:~errors ~in',%he~,me~surements,: ' ,..: ' 'i 

k: 

.J 

ups.~ 

cause of:this fl~r i~ 

the branch, and ~vhen~ 
sistance ~ against ~the 

: P r e  s s u r e  ~ ; :. I I ~ l e T o u s  

and !%he se "data are ,::shown :In '.~ figures..! 8 ,,and 9., 

~s 
, i~The 

.the/p!pe~downstre~-- 
poses~itliis~felt.%h 

-complieated:methQd 
the.conditien:of.ze 

Assumin hat:.th 
to,orifioe ecual 

hf= O,O20~x,~ . . . .  

Y-branch 

s t r a i g h t  

. s t r a i g h t  
.straight 

conical 
vaned(round) 
vansd(sharp) 

. :D•,725 
:0.:335 ~ 0;-725 
~0;555 0 .614  
0 ,325  ~0.685 

"e 

~ r e n e e  . ~- 

~ 0 , 2 2 6 . : - .  !;0;~ 
~ " 0 , 2 2 6 :  0 , i  

~ 0 , I 9 2  .... : 0 ~ i 6 3  2 6 ~ 5  
.O~21S 0 ~ ..... : ... ,.!12, :16,4 ~r 

~.."-_::.;:.." ~ ~ ~ ,• • .~ - , ~ " :. ,: . ?i~//• .,.:~ -.. 
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