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P~RPO~ OF STUDIES 

The generating u~ite  propose~ for  i n s ~ l l a t i o n  in  the power 

plants  at the  Grand ~ e ~ e s  Dam w i l l  be the laa~eat ever constructed.  

At the point  of best eL~tctency the turbines w i l l  have an output of 

150,O00 horsepower wh~ operating under a head of  3~5 fee t ,  and the 

pnera tor8 ,  which w i l l  be dtrect-com~ectedp w i l l  be rated at 130,000 

kilovolt-a~oeree. Nine of these units are to be in~tall~d in each 

the two powerhouses. Xt is not unusual for large ~en~:atlag 

~mlts to convert 97 ~er~nt of the mchanical ~ner~y input into 

electrical eaer~ o~put~ b~,, for  a turbine to convert as much aa 

93 percent of  th~ bydra~dAe energy input is~o me~hanlcal eaerg~v 

output is considered lx~t~l~r than average. In th~ uae o f  the  ~ n e k -  

at~rs ,  the high e f f i e l ene~ee  have been obtained by ~eolat ing  each 

~ource of ~nergy IoN. and studying each separately..'The m pro- 

~ d u r e  should give similar  r e s u l t s  i n  the case of h~draullc , turbines.  

~ t h  t ~  in view it was proposed to 8~udy the h ~ ~ c 8  of~ th~ 

fo l lo , . i :~  f e a t u r e  ta the c ~ e r  . B e d :  

1o. ° Draft tubo.~ 

Z, 81~eed r ~  

3.  ~ r o l l  case 

A~ l ~ t o c k  gates  
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5. ~* +Bends i n  penstocks  near ~ n t i ~ n e e  
. ~o s c r o l l  c a ~ °  

' In  the case  of  the  dra f t  tubes  par t i6u lar~7 ,  a t  t ~  normal 

operat ing  head of  ~35 f e e t  and d i scharge  of  &p500 eubic  f e e t  per 

second per turb ine  at  ~'and Coulee~ thQre ~ be a v e l o c i t y  head 

of  8 .17  f e e t  a v a i l a b l e  f e r  e~nvereion to  o t a t i e  head a~ter  deduct -  

ing the e x i t  l o u e s  e f  the draf t  tube.  ?hie head o f  8 .17  f e e t  

r~presents  2 .~4  poment  o f  the  t o t a l  n o r ~ £  head at  Greed Coulee,  

a~d i t  i s  p o s s i b l e  f a r  the draf t  ~ube to  e f f e c t  t~e output o f  the 

p ~  ;~t approximately  to t h i s  ex ten~ .  F r i c t i o n a l  and eddy l o s s e s  

~ k e  i t  impos~ible  ~ A~al3N recover  the ensrg~ & v a ~ b l e ,  b ~  the 

draf~ tube s t i l l ~ r e ~  an t~portant  f a c t o r  even under the  head 

exletin~ at ~rand Coul~e. 

PROGRZSS OF STUDIES 

While it s~y have been~ore logical to st~ then features 

of design in the r ~ e r s e  order, in this case At ~ae necessary to 

expedi te  the laboratory  ~erk since the contractor  ~a~ a l ready  on 

.lob and i n f a r ~ a t i o ~  had to be obtained as t~ the  elze and shape 

of th~ d r a f t  tube .  AeeordA~lT~ the hy~rau l i c~  of t ~  draf~ tube 

were s tud ied  f i r s t ,  Two approaches were emplo~d  i n  t.~eoe s t u d i e s ,  

(I) models of the cbraft tube to a sca le  of is~, and. (2) a s~del 

of the scroll case, turbia~ and draft tube asNmbly to a scale of 

While design and construction of the two types of models were 

started ei~ultaneouolp~ dm to  the intricacy of the I:~A~ aodel, 

the construction required c meiderably longer tin zuch that the 

studies on the 1:62 model are now practically ~leted while ~he 

etodies on the 1:2~ model are c~y ap~roxima~e~ 3~ percent completed. 

It As the purpox o~ this report to describe the progress at 

this ti~e on both models. 

~SCRIPTZON OF T~RBXNE MCGEE 

The s~del of the turbine aeseably consisted of a penstock, 

SCro~l case, and d r a f t  tube constructed  o f  p ~  pres sed  i n t o  

~L 
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shape f rom r e c t a n g u l a r  e h a s t s  o n e - t e n t h  i nch  t h i c k .  .The t u r b i n e  

r u n n e r  was carat ~ one p~ece f rom a b e a r i n g  meLa~ k~own a8 U O o v e ~  

msnt  ~ n u l n e "  b ~ b b l t .  The i n l e t  vane d i a m e t e r  was 7 . 7  ~ncheo and 

t he  o u t l e t  d i a m e t e r  was 6.5 i n c h e s .  The h e i g h t  o f  t h e  i n l e t  was 

1 . 6  i n c h e s  and t h e  p e n s t o c k  had an i n s i d e  d i a m e t e r  o f  8 .25  i n c h e s .  

The r u n n e r  was d e s i r e d  f o r  a s p e c i f i c  speed c~ 3~.~ and a t h e o r e t i -  

c a l  v e l o c i t y - p e r l p h e r a l  speed r a ~ i o  o f  0 . 7 .  Yhe movable ga te  vanes  

and the  speed r i n g s  were c a s t  from the  8ares m a t e r i a l  as  the  t u n e r .  

The t u r b i n e  s h a f t  was connec ted  d i r e c t l y  th rough  a f l e x i b l e  c o u p l -  

i nk  and a change gea r  box to  a 3 -hor sepower ,  3 - p h a N p  2 2 0 - v o l t  

mo to r ,  which had been c o n v e r t e d  i n t o  a synchronous  a c t o r  f o r  use 

as  a c o n s t a n t - s p e e d  d y n a m o ~ t e r .  This  d y ~ t e r  was suspended 

on b a l l  b e a r i n g s  i n  such a manner as  t o  r o t a t e  f r e e l y .  The t o r q u e  

e x e r t e d  on t he  d y n s m ~ e t e r  by the  t u r b i n e  was t r a n s e A t t e d  to  a 

d e l i c a t e l y  ba l anced  s~al.e bean where i t s  va lue  w ~  a c c u r a t e l y  d e t e r -  

L ined  by a sys tem o f  ~ovable  w e i g h t s .  

The p e n s t o c k  o f  t he  model  was connec t ed  t o  a p r e s s u r e  t a n k  

t h r e e  f e e t  i n  d i ame te r  and seven f e e t  h lgho The head  on t he  t u r b i n e  

was measured by a mercury  U t u b e ,  one l e g  of  whtnh was c o n n e c t e d  to  

t he  p e n s t o c k  a t  t he  e n t r a n c e  to  t he  s c r o l l . c a s e  and t h e  o t h e r  t o  

t he  t a i l w a t e r  f l u m l .  ~he e f f e c t i v e  head ~ c t i ~  o ~  t h e  turbine,  was 

in  t h a t  manner measured d i r e c t l y .  

Both mode l s  were s u p p l i e d  with water  by an elght-inch single- 

suction centrifugal pump with a capacity of four cublc feet per 

second a t  a head of  25 f e e t .  The wa t e r  e n t e r s  the  model  p e n s t o c k  

through a bell-mouth entrance and flows ~rough the turbans into 

the tailwater flume. The water is measured over a sharp-crested 

suppressed Weir wi th  a length of 2 'feet as it returns to the pump 

sump f o r  r e c i r c u l a t i o n .  

TEST PEOC~ ON TURBINE MODEL 

The proposed program of tests on the 1:2~ model include the 

individual study of each of the ite~ outlined in paragraph i, 

-~:'i. I 
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The studies of the d r a f t  tube are to include e f f i c i e n c y  

teats  of  the type of  d r a f t  t ~ o  ac tua l l y  i n s t a l l ed  i n  the po~ r~  

houses at, the  N~t ' :~  and Lower T ~ a s s e e  Dams and ~ t he  d r a f t  

tube proposed f a r  ~ L ~ t i o n  i n  the  Grand C o ~  P o o r h o u s e s .  

The p r e s e n t  des ign  of the Grand Coulee d ra f t  t u ~ a  h ~  been 

developed in  the s e r i e s  of s t u d i e s  o f  the  1"62 model.  A d e t a i l e d  

d e s c r i p t i o n  of  those  t e s t s  i s  i n c l u d e d  in  t h i s  r e p o r t .  At t h i s  t ime 

the t e s t s  of  the  Norr i s  type of d r a f t  tube have been comple ted  and 

the d a t a  are  being compiled and ana lyzed ;  the  model of  the  d r a f t  

tube f o r  ~ a n d  Coulee i s  being c o n s t r u c t e d  and ~ 1 1  be r e a d y  f o r  

o p e r a t i o n  i n  about t h r e e  weeks; and the  des igns  f ~  the  nodal  of  

the lower  Ta~L~mee type are being p r e p a i d .  

DESCRIPTION C~ DRAFT TUBE MODe, 

At the t i m  t h e s e  t e s t s  were i n s t i g a t e d ,  t he  con t rac to r  was 

ready  to  procee~ with thQ c o n s t r u c t i o n  of the subs t . ruc turos  of t h e  

two powerhouses so t h a t  t h e r e  was urgent  need f o r  s u f f i c i e n t  i n f o r -  

a a t i o n  as to  the  space r e q u i r e d  f o r  f u t u r e  d r a f t  t ubes  as w e l l  as  

a d e t a i l e d  des ign  f o r  sueh d~af t  t ubes  as  s e re  t o  be i n c l u d e d  i n  

the  i n i t i a l  construct~ton.  Since 8o =uch time was z~q~J~rod f o r  the 

des ign  and c o n s t r u c t i o n  ~r th~  model t u r b i n e  wi th  a l l  its a p p u r t e n -  

ances as t c  de l ay  t h i s  d e t a i l e d  de s ign ,  r e s o r t  wa~ made t o  the  use 

of models of draft tubes carved from mood t~ expedite the stud ies.  

The f i r s t  o f  t h e s e  8~udies were made u t i l i z i n g  t~o t a ~ l w a t e r  f l u ~ e  

f o r  t he  1:2~ model~ but  a f t e r  the i n i t i a l  in~o~mation w~s secured  

and it became neoese~ry to use this tailwater flume for the turbine 

model, a second fl~e was e r e c t e d  for additional tes~s on the 1:6~ 

draft tube ~odel8. Both flu~es are shown on figure i. 

The turbine model tailwater flume was fitted with a wooden 

orifice as shown in figure 2 and was used in the test of ~odels 

1 to 6 with all the variations in design. Models 6 to12 with all 

the variations were tested in the second flum in ~hich both the 

wooden orifice and a duplicate of it in brass were used for purposes 

j 
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of  comparison. Some addi t io f la l  t e s t s  on  models '1  to 6 were made 

i -  the  second f l ~ .  Al l  of  the  models were const~ac~ed of  wood, 

as shown on P l a t e  7~ wi th  the  e x c e p t i o n  of models 8 and 9 which 

ware made of ga lvan ized  i r o n .  Al l  t e s t s  were made wi th  one o f  the 

vane r i n g s  and t h e  c r o ~  p l a t e ,  as shown in  f i g u r e  2~ i n  p lace  

above the o r i f i c e .  

These vane r i n g s  were made of  ga lvan ized  i r o n  and wer~ u~ed 

t o  induoe s p i r a l  f low in  t he  t h r o a t  of  the models .  This  was done 

t o  s imu la t e  the  var iou~ c o n d i t i o n s  of f low exis~Lng i n  a d r a f t  tube 

over the  entire operating range of a t u rb ine .  Five vane ring 

assemblies were constructed as nearly similar ae peselble with the 

exception that the vanes in t~ first were s~t at O°, the second 

at 7.5°, the third at 15 °, the fourth at 30°~p and the fifth at ~5 °. 

All angles of necessity being turned on the ,~ arc in all assem- 

blies. All of these vane rings, including the radial, or O ° vane, 

were used in testing the performance of the e~ele. 

TEST PROCEDURE ON DRAFT TUBE MOD~ZS 

Approximately 800 tests have been made. on the 12 modmls of 

draft tubes, most of which were altered in various way~ to form 25 

distinct designs. The models had a 3-inch diameter throat, and 

were of both elbow and straight conical type. The comparative 

performance of  the model~ i s  based on the  e x t e r n a l  head n e c e s s a r y  

t o  produce a giw~discharge thrcu~h the tu~e. The head is taken 

as t~he difference in elevation between the headwater and taAlwa~er. 

The dioch~rge was measured by the sharp-crested eup~ressed  weir. 

The assumption i s  m~de t h g t  as  the e x t e r n a l  head d e c r e e s ,  the  

l o s s e s  due tO a l l  c&uoes d e c r e a s e ,  and the e f f i c i e n c y  o f  t he  tube 

as a heed  r e g a i n e r  i n c r e a s e s .  

A set of data consists of a series of five re~dln~s, taken 

at intervals of thirty secede, on the headwate~ and tailwater maao- 

miter, and on the hook gage measuring the head over the eh~rested 

i 
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weir. Mean values of these readings were used to  determine the 

head on the model, and the head on the weir. The discharge was 

computed by the Francis formula, Q m 3.33 IR 3/2. A correlation 

of the sharp-crested weir with a V-notch weir indicated that the 

computed discharges are approximately two percent lower than those 

of the V-notch weir in the range of heads aeasurod. Velocity heads 

were computed by ass,mlng a uniform distribution of flow across the 

throat of the draft tube. Velocity heads were plotted against ex- 

ternal head on the model to form the diag/ams shown on figures l& 

to 27.  

The relation hetween the discharge and the head is expressed 

by the  equat ion  

and C - Q 

s u b s t i t u t i n g  V -  
A 

C -  V 

I t  was deoidad t o  c ~ p a r e  the  performance o f  the models  by 

c o e f f i c i e n t s  computed f o r  a t h r o a t  v e l o c i t y  of  8 f e e t  per  second,  

~habst i tu t ing  the above e q u a t i o n  V = 8 f t .  per  s e e .  

~ e .  

c -  8 

h 

° 0 . 9 9 8  

Using the d t a g r m s  on f i g u r e s  l ~ t o  27 ,  the v a l u e  e ~  h correspond-  

t o  a v e l o c i t y  head of  0 ° ~  i s  determined f o r  e&,ah v ~  m~"i~pl.e,, 
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D i v i d i n g  0 .998  by the* ~ u a ~  r o o t  of  t h e  beads ~ v e a  TaluesOf,C 

tot  each vane angle, ~hich are ~h~n on figures 28 t o  38. Value8 

of  C i n c r e a s e  ao the  pez'fo~1~ce o ~ t h e  tube  ~ o v e e .  

P a i n t  t e s t s  were made o n  a l l  of  the  mode l s  w i t h  ~ e  e x c e p -  

t i o n  o f  the  two s t r a i g h t  cones9 models  8 and 9,  f o r  t ~  purpose 

o f  showing the  f l o w  © h a r a e t e r i s t i c s  inmJide the a o d e l a .  The models  

were f i n i s h e d  i n s i d e  ~A~h b l a c k  p a i n t  c~er which  a coa~ of v a r n i s h  

was applied. This was done to  g i ~  a very aaooth e~face, and t h e  

greatest amount o f  c o n t r u t  between t !~  i n n e r  s u ~ a o e e  o f  the  a0dels 

and the white paint uNd fer. the t~8~,s. Xn ~ the  paint tests 

a fresh coat o f  white lead and ell was applied evenly with a brush 

ever  the i n n e r  s u r f a c e s  o~ the ~ o d e l s .  The s o d e l ~  were then p la~ed  

s i x  ~Ltnu~es at a t h r e a t  velocity of 8 f~et per s~cond. The flo~ia~ 

water streaked the fresh paint, and £~icated the direction and magni- 

tude of velocities along the boo, darius of the ~del. 

Xnte~pretations of the results of the paint ~ests, as shown on 

plateo 1 ~ 7, are necessarily ~ly qualitative. Areas of high ve- 

Iocitles are characte~ixd by ~tin~iy etched lines while ,those of 

low velocities are di~tinguls~sd by broader lines, not as well 

defined° Eddies ar~ ~ho~n by c~ing lines and soli~ spots of white. 

large areas of dea~A water are indicated by large ~hite areas which 

show no s t r e a k i n g .  

The first parrot tests were m~e for all angles of whirl. Zt 

was found that c~iaracteri~tlcs of flow existing in the model~a at 

0 ° angle c~ whi~l were only intensified by %he other angles of 

whirl. Therefore, compari~s between aodels ca~ Me made as well 

=n the basis of/tests at 0 e angle of whirl as with a complete set. 

For that reasen, a complete set of tests are shown ~ plate I for 

model  1 o n l y ,  and r e e u l t 8  o~ a l l  o ther  t e s t s  are  ohown by p i c t u r e s  

o f  flOW at  0 ° angle ~ wh~rlo 

i i ii  /i: ! i ̧̧ iilk i • 
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DETAILS OF MODELS AND ~SULTS 

The original proposed design of draft tube for Grand Coulee 

is shown on figure 3 as model io It has an unsysmetrical elbow 

s e c t i o n  due t o  t he  axis  o f  the t u rb ine  being O f f s e t  fou~ f e e t  

from the c e n t e r - l i n e  o f  the t u r b i n e  bay, and because of an a t t empt  

to  make the  water  d i e e h a r g e  i n  a d i r e c t i o n  n o r m ~  to  the  f ace  of  

the powerhouse. Model I-B resulted frca ch~ir~ the straight 

piers to piers uith a warped upstream edge as the paAnt tests 

indicate they should be. The warped piers ware superior to the 

straight piers only at 0 ° angle of whirl. Model l-D resulted from 

lengthening the throat of Model I-B, as shown in detail on figure 3. 

The r e s u l t s  of the test on these three designs are shown on fig- 

ure I~ 15, 28~ and 35, and on plates 1 and 2. Plate I shows how 

the flow through the pier section is concentrated in one of the 

outside passages as the angle of whirl increases. At 0 ° angle 

of ~irl there is a well-balanced dist~Ibution of flow through the 

~hree pier passages. At I~ angle of whirl the  balanced distri- 

bution of flow is already upset, as indicated by the paint test. 

This effect continues to increase with an increase in the angle 

of whirl until at ~ the flow occurs al~ost entirely through a 

s i n g l e  ~ t s i d e  p i e r  passage .  Under t he  c o n d i t i o n  o f  ~5 ° ~ e  

of whirl ~he~ is even 8ore0 indication of a reversal of flow in 

the roof  %of the oppos i t e  o~side passages These ¢cnditia~s were 

found to be characteristic ~ the flow through all of the elbow 

tube mod~is tested. Model l-A resulted frca ~ the piers 

from model i. The effect is shown by a paint test on plate 2. 

The deslgn of nodel 2 is similar to model I,/ e~ept that in 

the fonmer the n ~ r  piers resulted in a narz~mer width of 

draft tube at the exlt while maintaining the ~ &~eas of open- • 

ings. The alteratlen~ in ~odel 2 are shown on figure A ~ as s~- 

del~ 2-B, 2-C, 2-D~ and 2-~. ~wse alteratiorm were made by fal!- 

in~ the i n d i c a t e d  a rea~  ~ i t h  p l a s t i c i z e ,  R e s u l t s  o f  these t e s t s  

are shown on figures I~ 16~ 17~ 29, 30, and 3~ and on plates 2 

and3o 



Model 3,  Shown on f i g u r e  5j has a l o w e r e d x ~ o f  through the  

c e n t e r  passage  and ~hrough %he c e n t e r  o f  the  e lbow s e c t i o n .  

~ o d e l  3-A r e s u l t e d  f r ~  a ~ r t h ~ r  l o w e r i n g  o f  the  c e n t e r  passage ,  

and changes i n  the p l a n  o f  the  p i e r s .  R e s u l t s  o f  t e s t s  on models  

3 and 3-a are shown on fi~u-e~ 18, 30, 31, and 3~j ar~ on plate ~= 

The first design with a sy~m~trlcal plan is shown on figure 

6 as model &.. The water  dA~cha~ges a t  an anF~e o f  about  86 ° wi th  

the face o_¢ th~  pc~erh~®. In model ~-A, the fume was narrowed  

in plan so tha~ the ~ of the outside passage would be ~eAl,~l 

to the construction Joint of the turbim bay. This chan~e did mot 

reduce %he effectiveness of the tube. Models &-B, A-C, and &-D, 

r e s u l t e ~  from changing .the contour  o£ the roo f  through  the  elL~w 

and centaur passage as i~ ah~n on figure 6. g v i d s n c e  is als~ shown 

on figur~ 38 that the roof ~ the pier section ~hrou~h the center 

passage should form an angle of about 7 ° with the horizontal. Any 

angle in excess of 7 ° results in the flow breaking away from the 

roof, and the f~a~A~n ~ an •eddy that reduces the coefficient o f  

the tube. The results ~ tests on models ~, ~-A, &-B, &-C, and 

&-D are shc~,n on flguree I?, 20, 2~, 31, 32, and 3~, and on 

plates &• and 5 o 

The design of ~m~el 5, ah©iwn on figure 7, is the  same a s  

model A t~u'ough the %h~oa% and part  o f  the elbow" seetion. The 

pier section of model 5 is the as~s as ~he pier section of model 

A-A. Tests or~. mod~l 5 indicate the same performance as f o r  model 

&-A. The reeult~ of tests are ~n on figures 2/ and 35, and on 

p l a t e  5. 

A constant~area of er~-section %hrou.gh the elbow as com- 

puted in the design o f  model 6 (flg~e 8). The m~del faAled  t o  

~ v e  the e x p e c t e d  r e s u l t ~  due a p p r a n t e l y  t o  l a r g ~  l o s s e ~  f r o ~  

impact on the floor of the elbow section. This i~pact was suffi- 

cient to cause a rewreal of flow in t4w elbow as is shown by the 

_ ° 
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paint test on pl4~t~ 5. Model 6-S was formed by placing a splltter 

in the Joint beriberi the upper and lower halvers of model 6. The 

splitter was a thln piece of tin which extended across the entire 

width of the tube fro~ section B (~Ig~re 8) around ~e elbow to 

section J, dlvid~J~ the elbow section into two equal passages. 

The effect of the l splitter can be seen by comparing the paint 

tests of model 6 ,~th model 6-S (plates 5 and 6). The effect of 

the splitter on t~ie ccefficlents is shown on fig~ee 23 ~nd 35. 

This is the type of design in which other experimenters have found 

that results in this models did not always hold for the prototype. 

Their experience has been that the prototype deal, s gave m~ch 

better performance ~han the model tests indicated. In the Grand 

Coulee tests, the :,results of model tests with the splitter show 

superiority of performance over model 6 without the splitter. 

The elbow of aodel, 6 was widened and the heist of the outside 

~ssages was increas®d fc~ part of their length to farm model 6-A. 

Results of tests ca models 6 and 6-A are shcm~ on figures 22, 23, 

35, and 3 6, and on! plates ~ and 6. Model 6 was tested tho~ou~hl~ 

in both flumes 1 s~d ~. Results in flume 2 were distinctly not as 

~good as in flume I!. It is believed that the differences in the 

dimensions of the ~head~ater and tailwater bay's in the two ~lu~ee 

were responsible for the difference in results. 

Teats were s~ide later for the purpose of cla~Ifylng t~is 

difference in rea~ts. Model 3 was used for this purpose, and 

tests were m~de in fl~me ~ u it is shown on figure i. These 

tests also indicsted~ as shown on figure 27~ that results i n  ~um~ 

2 were not as g~! as in flume Io Falsework was then constructed 

in the forebay of flume 2 ~o simulate as nearly as possible the 

conditions in fl~ae i. Subsequent tests showed An ~mprovement in 

results in model 3 du~ to~this change in the head,ace. The tail- 

water bay was then lengt~e, ned four feet, and the tsAlwater 

k ~ 
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peizometer was moved f~xr feet downstream. Subsequmnt testa on 

model 3 showed additional improvement in results due to the change 

in the tailrace. The combined effect of falsework in the headrace, 

and the  lengthened tailrace ~as more than sufficient to e l i m i n a t e  

the original difference in results existing between flume 1 and 2. 

. In comparing results of tests on models 1 to 6 with results on 

m o d e l s  6-A t o  12 ,  a l l o w a n c e  must be made f o r  d i f f e r e n c e s  due t o  

the two testing ~umes, This difference amounts to abou~ 0.07 in 

the coefficient at O° a~gle of whirl, and decreases to about 0.03 

at A5 ° angle o f  whirl. The~e differences must be added t o  t h e  . 

coefficients derived from tests on models 6-A to 12, to make them 

~ompa~able with models I to 6. ~ 

The design in model 7 was suggested in a paper by Viktor ~plan~. 

The ordinal vertical opsrning of 0.75 inches a~ the e~t (f~ure 

IO) did not give as ~atlafactory head recovery as when the opening ~ 
/ 

was reduced to 0.50 inches. A further reduction to 0.375 ~nches  

in the vertical opern~ at erIt apparently caused choking of the 

flow which resulted in less head recovery thou f0r the 0.50 inches 
,u 

vertical opening. Results of these tests are ahc~n on figures ~ ~ 

. and 36. A paint test o f  model 7 with a vertlcal operni~g o f  0.50 

" inches at exit is shown on plate 6. It Andicates considerable im- 

~ pact on the bottom pla~e since r~dial flow li~s start from the 

center cf the plate. Thore is a l s o  considerable separation o f  the 

dis-set from the curved aectioa. This model was a theoretical 

approach t~ the problem of properly proportioning ~ areas c~ a 

draft tube from thr~a~ to e~it. Zt showed such  sli~ht prc~lee 

that tests were not carried farther. 

J 
ethane, World Po~er C~ference, Barcelona Sectional Meeting, I~9, 
v o l .  :~, pages ~ l -61 .  



Tests  were made on two s t r a i g h t  cones (models 8 and 9, f i g -  

ure 10) f o r  t he  p~rpose of  c o m ~ r i n g  t h e i r  p e r f o r m a ~ e  with the 

elbow tube  d e s i g n s ,  and with r e s u l t s  of  t e s t s  made by the  Newport 

News Sh ipbu i ld ing  and Dry Deck Company pub l i shed  by the  ~ d r a u l i c  

Power Committee of t h e  New ~ g l a n d  D iv i s i on ,  Na t iona l  E l e c t r i c  

Light  A s a o c i a t i o n . e  One of  the  s t r a i g h t  cones (model 8) was made 

to the same p r o p o r t i o n s  am ~hose of a cone inc luded  i n  t h e s e  

publ i shed  r e s u l t s .  The second cone was made t o  c o n f o ~  to  a d e -  

s ign  tested by the ~abom~ Power Company. ~ese ¢ ¢ ~  were made 

of  ga lvan ized  i r o n .  The d i s t a n c e  from the d i s c h a r g e  end a t  t h e  

tubes  to the f l o o r  conformed to the e a s t  e f f i c i e n t  used  i~  the  

Newport News tests and was sufficient in both eases to elisLinat~ 

any effect of the floor upon +.he performance of the tubes. The 

results are shown on figures 25, 36, and 37. 

The tests on models i0, ii and 12 were made for the purpose 

of comparing the performance of the currer£ design of the Grand 

Coulee draft tube with the performance of the ~algna used at th~ 

Norris Dam and at the l~er Tallassee plant of the Alabama Power 

C~any. The data from ~d~l iO is shown on figures II, 26 and 37 

and plate 6; from model ii on figures 12, 2~ and 37 and plate 7; 

and fr~ model 12 on flgurem 13, 27 and 38 and plate 7. 

Model ii is beln~ modified to conform exactl~ to the design 

under teat in connection with the Grand Coulee t~rbAne model, ~ad 

be designated as model II-A. A comparison will be made to 

determine whether the differences shown between ~o~els i0 and II-A 

r i l l  also hold f o r  ~ d r a f t  tubs models o f  6 . , 5 - ~  t h r o a t  d iamete r  

used with the t u r b i ~  mode~. 

In a d d i t i o n  to  t h e  d i f f e r e n c e  in  s i z e  of ~ e  ~od@ls which ma~ 

a f f e c t  the r e s u l t s ,  t h e r e  i s  a l e s  t h e  ~aes t ion  o f  the  e f f e c t  on 

~Nat ional  E l o c t r i o  Light  A s s o c i a t i o n ,  P roceed ing ,  Vol. 87, pp.  617-63~. 
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the results due to the 3-1nch models being tested without a turbine 

runner, whereas the 6.5-inch madele are tested wi~h a turbine r~aner. 

S~MMARY CF RESULTS AND CONCLDSIDNS 

The c o e f f i c i e n t  eurves show tha t  a • b e t t e r  p e r f e ~ a n c e  i s  a l a o s t  

i n v a r i a b l y  ob ta ined  a t  7°30 ' , than  a t  0 B ar 15 ° .  A aaooth c~rve ~ a ~  

through the  p l o t t e d  p o i n t s  i n d i c a t e s  t h a t  the b e e t  perforaanoe ec@~s 

at an angle of whirl c~ approximately 6 degrees. This slight angle 

of lhirl probably assists in diverging the flow in the throat sec- 

tion, causing greater head recovery~ @%~out materlall~ upsetting 

the velocity distribution in the elbow and pier sections. The 

effect of the higher angles of whirl is to upmt ~he distribution 

of velocities in the elbow section ~o the extent that most of the 

flow occurs through o~ of the outside passape of the pier section, 

resulting in less head recovery and lower coefficients. 

At the beginning of the tests, two piezcmetere ~ere placed 

opposite each other on the upstream and downstream sides of the 

throat of the models at the top of the draft tubes. Draft heads 

were measured by taking the difference in the helght of water columns 

in a manometer attached to the draft tube piez~ters and to the 

tailwater piezometer. ~ average value of draft head taken from 

a seri, s of five readings was divided by the velocity head at the 

throat to give a value called the "efficiency" of the draft tube. 

This method is cceuaoaly followed by experimenters but was abandoned 

in this work because it gave misleading results. Cha~ges in effi- 

ciency were not consistent with changes in the eeeffielents© This 

discrepancy is probably due to the fact that the boundary velocities 

in the throat, which produce the measured draft heads, v~ry consi- 

derably from the average vertical wlocities. 

Some uncertainties ~rise in making comparisoms of results 

obta ined  by d i f f e r e n t  e z ~ e r i ~ e n t e r s  due t o  l ack  0£ i n f o r w a t i o n  con-  

cerni~ headwater and tailwater conditic~s in t.~e testlng fl~es and 
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t o  l ack  of i n fo rma t ion  concern ing  the  en t rance  c o n d i t i o n s  t o  the  
Ji 

t e n t  o r i f i c e n .  Al l  o f  t h e s e  f a c t o r s  have cons ide r ab l e  e f f e c t  o~ ~ 

t~e c o e f f i c i e n t n o  As an  i l l u s t r a t i o n ,  the re  in  an apparen t  d i f f e r -  

once of ~ r f o r m a n c e  by t h e  ~ a e  model,  as shown on f i g u r e  278 due 

to  t e s t s  being made in  two f lumes of d i f f e r e n t  d i ~ n s i o n s .  The 

e f f e c t  on the  e x t e r n a l  headj  and,  t h e r e f o r e ,  on the e o e f f i c A e n t ,  

of  i n c r e a s i n g  the he igh t  of  vane r i ng  a t  the en t ranoe  to  the  t e n t  

orifice, is shown on figure 19. Probably d~ to these factors~ 

model 8 shows slightly better results than are shoran by the similar 

design included in the tents published by the National Electric 

Light Association. Likewise, results on model 9 az~ not as good 

as the results obtained by the Alabama Power Company on a similar 

design. 

In testing the elbow tube designs, effortn were made to elini- 

hate eddy losses, and to increase the head regain of the tube by 

numerous alterations in the outline of the elbows, shape of piers, 

// and contour of the roofs of the pier sections. All of the Grand 
// 

Coulee models of elbow tubes start with a cone of ~I degrees in- 

cluded angle. This value of the included angle had been obtained 

in previous work by other expe~aenters as the ~st satisfactory 

f o r  head r e g a i n .  

The f i r s t  major  change in  the  proposed des ign o f  t he  d r a f t  

tube was the elimination of an unsymmetrical elbow section due to 

the axis of the t~bine being offset four feet from the center-line 

of the turbine bay. This was accomplished by turni~ the draft 

tube slightly no that the discharge from t,i:tre+ tube occurn at an 

angle of about 86 degrees wl~ the face of th~ p~wee ~lete&d 

of normal to it. It was also necessary t~ reduce ~he width of the 

tube at the elbow section to obtain a uniform thickness of concrete 

between the outside pansage of the tube and constructlon Joint b~- 

tween bays. Thin wan ~one without impairing the effectiveness of 

+~ 

r l 



t he  d r a f t  tube  as s u b s e q u e n t  t e s t s  p roved .  

P a i n t  t e s t s  made on t h e  elbow tube  d e s i g n s  aa  shc~n on 

plates I to 7 indioat~ the separation of the direct flow fro= the 

top of the elbow section. Eddies form at this point which tend to 

prevent the fullest recovery through the pier sections. In an 

effort to prevent this separation of the direct flow from the face 

and the subsequent forwation of large eddies, a number of chan~e 

were made in ~he roof of the tube, fro~ the elbow thro~h the center 

passage. The results indicate that better over-all performances 

are obtained in designs in which the roof of the center pier pass- 

age and the center of the elbow are made lo~er than the two outside 

passages. This is illustrated in the improvement of coefficient 

of model ~-B as compared to the coefficient of model /+ (figure 3~). 

The comparison e~ t~ latest Grand Coulee tube to the Norris 

and Lower Tallassee designs indicates that the NorTie type is 

superior to the Orand Coulee, and that the Lower Tal~aseee is 

superior to b o t h  of the o t h e r s .  

The coefficients dmrived from the results of these tests are 

not considered to be quantitatively applicable t0 prototype designSo 

~ile the dimeneionm of the models are scaled fro~ prototype designs, 

the velocities used bea~ no relationship to prototype velocAties. 

A scaled velocity, based on the expected discharge in the ~o~otype, 

would be 3.03 feet per second. For this velocity, the correspond- 

In~ velocity head is only 0.I~3 feet. Differences in performance 

of the models undez this small velocity head result in almost 

negligible changes in the external head° Coefficients were com- 

puted for velocities of 8 feet per second because differences in 

ex~rnal head are a=pllfied, ~nd permit a more n e a r l y  accurate 

determination of the cee~flcients. The coefficients +are more stable 

for velocities above 6 feet per second. Opposed to the foregotJ~g 

advantages of c e ~  oeef~icien~s at velocities of 8 feet pe~ 
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second  i s  the  f a c t  t h a t  the  r e s u l t i n g  d r a f t  heads  are f a r  i n  e x -  

c e s s  o~ the  d r a f t  h e a d s  t h a t  c a n  be suppor ted  in  ~ p r o t o t y p e .  

The m o d e l s  under t h e s e  c o n d i t i o n s  are d i s t o r t e d j  and t h e  r e s u l t -  

i n g  c o e f f i c i e n t s  are  a t  b e s t  on ly  q u a l i t a t i v e .  

In  s e l e c t i n g  a d r a f t  t u b e ,  i t  i s  t h e  u s u a l  p r a c t i c e  t o  c h o o s e  

the one which g i v e s  the best model performance, and past experience 

has indicated, especially in the case of simple elbow types, that 

such installations give highest efficiencies. Other experisBntere, 

however, have found that while the introduction of a splitter, as 

described in this report, will show lower coefficients in the model, 

higher efficiencies may be expected in the prototype. At flrst 

t h o u g h t  t h i s  seems p a r a d o x i c a l  and i t  i s  b e l i e v e d  t h a t  f u r t h e r  s t u d y  

of this phenomenon to ascertain its cause would be Justified0 

~ .  Ira. V t ~ l r ~ Z h ~ s  

~. J.  Z o r e ~ .  
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