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ABSTRACT

A 1:24 Froude-scale model of the proposed Lake Chicot Pumpinq

Station was constructed and utilized to identify and to correct hydraulically

objectionable features of the flows in the pump sumps . The model tests

showed that the flows from the plant forebay generally enter the individual

pump bays with a strong transverse component of velocity and produced an

intense captive eddy on the lee side of each pump-bay partition wall. The

transverse velocity resulted from geometric constraints imposed on the plant

configuration. In order to achieve better pump approach-flow conditions

trash racks with relatively deep vertical bars which functioned as turning

vanes were proposed . A 1:10—scale sump model then was built to test for

model-scale effects in the trash—rack tests, and an extensive study was

conduc ted to obta in an improved sump conf igurat ion wh ich would minimize an y

vortex-related problems in and around pump suction bells. The modified sump

configuration has small clearance between the pump bell and sump back-wall;

converging sidewalls; and a floor mounted splitter plate (vortex breaker)

beneath the pump.
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show n in fi g i ro -:; 1—? t i , i - , t ; h i  1 - — 7a . P a i r :  ol . .; I  - - ‘~~~- i . -  ( ‘‘ , I I ( l t i c t , - l  i i i  t h i s:

t .w() i d e , i Ij ~~i’d r ;immp ii ,~~~~l t - l  : ; . i i  . r l - r  L i t  d l  : tine i i i ’ ’  , ‘ n . j  - . , i i ~~~’ ’  el t i n - t i . -

- I b - i., t s . ii’ i i .’ -  w. - r ‘ - f ’s  i i i

I I OW t v et  , Iou i i  ‘ I i ’  I t  - - , I , s i  t I, - I 1 ‘ 1— - : : -  ‘ I .  : - n i p  Soi l’ - I , - :~ n o r

vor t~ ‘u ’ :, n c - i  ‘ -  h i  ; - ‘,v i - - I  ‘ - x l  ‘ - I i : ;  f r o m  t h - tet ~ 1 I - i  -O ,f/ r wal Is i i , : ’ ,  ii-

- ; I l i t  iO n  i t - l l  (tI ,kdt , a r l  K ’ - ;  i ’ ’ I ,’ I t / i ) .  i ’ - ’ .- r I  j i m  i t t ’ ,’:. , - x t t ’ r i  i .  l i i : ; ! n,-

n ih : ;  I r i l  , - , j  I I; - I I i t ’ :  - V o I i - ‘ ‘ i - s r i  - I ,  i s - - u I ,  ‘-t I r - i h  I t ’  ; ‘1 ‘iv ’ : .  i i :”  a . 1 fl5

v i l , r a t  I - n i  ; r ’ t h I . ’ m ~~, I ’ ’  . i n i ’ , h t y  I : i . -  s l u n a i  I errs y I i  s ’l-j : - t i u i c  i ’ t a i i n g  I i . - ~~

redo’ - t - a l ’s t r , ’ !  I l i t -  pump i ll , ! .’’ I 1 - n  : : ( I i  t I -  1 ‘p 7) . it’ - ‘.SI - to  o h  I . 1  I i t-re Si Zt’ ‘ i f

h i ’ ’  ~
,r .1’S y~s’ i niçs’ I I - i  - , , t : - I I h i -  : eve I ‘ ‘ j I i r t i l  — - - l I t ! r o i l  :1 , 1 low ‘(h id I t t i t l i t ;  , t I

J i l ( h g t - ’ I  prud i  i t  I ’  - . i n i y  out  l i n t l i - i ‘ t i l t s , wli i - I ;  w i l d  be mont- h , ,so:  i i i  t i t , S l t - ,

on t h ’ - : h i . t r  i c t . - !  I eLi’::; of I i t - s ’  vort  i ct - s  i n t l  It i s U i s  I oi : ; i i l r . - : : s  i ncj t bent .  Ph i

basic SI l i l y l i i  r i - I l l  i-S l i i  1 - l i t .

* ‘I’ n , a n h i — r , i :k b a r s  . i r ’-  j I a - -d on s r i  i i 1 ’ - !  m in i  F l U  ( : ‘ - . -  f i g u r e  1 — 3 ) .



‘I i i’ - ~- r ill - a r  ,‘ ,t ’:c’ ~~~.‘ f t 1 , i ’  i l /  1 i - i L ’ s  ‘i i - , : .  ‘.‘ - I - v - l op  sunup

i i  ~~~~~ t ‘st i l t  i t ç  , - ‘5 1: ‘ I i  ‘.1 . 1- I b it  i O n  ‘~ I f l , -,,:: t ’ .,  , r e u r , P ,

.ir ,d t i l e  pur ip so: t i on  b l I e .  1-. Sc-S ’ - r . - i  OiL ) I j’/ - n ’s t . ’i I sd a (rueari’; Of

c - L i m i n a t : t g ,  ‘Li l . , r 5  l y s t i r  S in g ,  n o r m - n t  r - , ’ ’: ’i v ’mr I ‘ ‘i- - : which ‘ - < ‘ ‘ - r ’i fro nt

suct ion I a : I l . s t o  r i ’ s’ i ’  I I  - 0 ( 11 ,~-, l e .  ,~. £ i - ~ 1 ‘ t L j . ’ t t ’ / ’ S,LS i 5 j  I s V ’s ,

( i t t  f u n - I  ‘ n  I s - L I -  - nI t ! l~ , l l ~~ F (‘i i’~~ ‘. ‘u ( 5  t - . f~ L l t : ~~. — . Lr ~~_ y 5 _ , c i ,  I1,’s

‘_i m s — t r ib u t  t o . , ,  i n :  i i  - -~~r 1 . v J b , , r  t~~’ I 11,0 ‘ t , ’ 0 , ’ ‘ I i’s ’ , ‘ ‘ e0
~ F L !  ‘_ t i ’ - bars of

U -  f ) ( ’ f ’ ,S( (l U H - t l ’  i t ,Si ‘ r~~ ; , l :  f - i t.

A t  t - -  jO ’ ‘ii i ’ u ‘ ‘ r n - t i , : - ;  ri ‘, f i  to Y e / i  ~, 0’ ‘ ,

C’L r i O L d ’ - Y S t ] ’ ) J , S  i 
- ) . , i, 5  t o  ‘/‘s I J - u i l ’/  i: f I ~~i l  t1 ( .,i ,, ‘i’ ,- r t  fins - ,, in tO L’jUr’L—

d y n a mi c  t ’ ~ non c - - t ’  r r  t e 5  1 -  t O ’ - rota ’ .5 -sl~ .m i~~ iid s-is to tn gr u d i - n I -:

( i  . t :  . :5 . 0  I a  I 1’ ri’,. l i v - - .;) of  ‘is i s ’ ;  Ly . /,:: a ii i’i ‘ - - n t - n t  i’n--~v ’-s , L i , ,:

ai~g u l u i r  momentum ‘- -n -- n ’ - ’ : :  e, t l i u ; g  t O  i t - . ve r t 1 0 1 1/  15 L T ’ n - ’ i V ’  ‘‘ 1 ,105 L I t’

f l u i d  is a - u L ~~d i ij t~ n u  t i ’j  - i  t or  i t  - ‘ u i  L cn eppo. , en I _ ) j ,  I i u i  ‘I not , ‘Pntu: .  , I en

(-xirn ;~ls , as s ‘‘s i riin ’j f l t i t - i  fiasSes t.i,n_ i’jh a,, a x ,  r- -/ i r : l I i t j I I 1 5 2  t :’si tr a ct ion i  I i i

,i c i r c u l a r  J i i j sn , I L ’ ’  5’~/ i i )  h i . 5 ,  or - i l ’ 3 U i . ) 1  v t : l O ’S it y ,  o l  t h e  I l t , i d  i : ,

f it : :d .  Thut:  S l t t , t  er  I : ;  p r ’- ’ : ;  :;t:i’/ . i l ; . i 0 g , - s .  I - -  h :  cc - : , f ’ , t i  - .r w i ,  1 ( , Y t - d - , t :S

h i :-; ra t e of  n j ]  I; b7 jai l I tog lti~ >1 1 ‘ - i d - -  I . r i r ~:- , : : w , ,r d .  .1 1: t i t i  hr

L i m a t . Li i, :  F r t i d u~
- l ‘1 i , t t  i n - ’ -,’ in  a r t y  iii -  ‘:~~. I , r :  r r iu l t 1 , i f t~ d it’,’ I l’s - cr -s

; , - t ’t i ~~ni,,t 1 ~i r -  j - -r’ p c n d i c i I ’ r  t~ t h i s  ( - ‘m J ol ’ l u~~ Of V ’ )  t I ’ ’  i l_ ’/ t I  l l ~)~i,~ :iIr .;.’~

a :,trtu-a rni tnit,’ eu a t i h - i t - - n t  1 : .  - : 0 1  - ‘ - - ; t ; c :1 i t; C u  , n i o : i  -1 1 - i S  ~m : - ’l of H, I.m},’ ft z -
- ‘ p i ll  i o n , : :  l e t  vor t u - . j  t y  c- i n  be loui S in ‘fio : I tI l t ’, - :VO i i /’irO (i’/S.irfliC S 5 ._ S_ s .

In t ii~’ ( 2 , 1 : , :  of 1 1  -,w:, p0: -n- nr’J f ro m  j. UIIIj f - i ’,’’ . h i t ’  I ; , :  ~tu~~t I ‘J r .  bi l l s  a r id  t n t

pumj _~; , -mr uy vorticity ( i . ’ , ( t , ,t ] r ) I , )  i i i  tb - i - I i n -  i i i  t t , t -  ,- - - ‘j h,~ -1 - , ;  l. ’~ °x—

j , t r ; t t ’ d  to j Y d ~~’~~- j h n o g n i : s : - i v s ly  b i i - ~~ i i  r F i j i - i  - n q - i i -m n ‘j : i ’ ,t: i t . i t - s a:, the f l e w

‘:oniv r: r ’Jes  . h o w  i t  i i ;  we]  I i- i : ~~ w t t~~ t , t I t  - I - r n : : :  ‘ r n  b - - f l  1 : -: ’ : : ;  1. ’ t w t  j ’ ij  ‘ul . : ~~. - i S  or

of a v’,r t . t - x .  [F  ~ v - r i x i s  ~~; m f f I c i t  r~ t . I y  ln t l ’ i i u : I - , l j , -  ,rt: ;Su r t - t O  ] ‘ , t i ’

w i l l  drop to a ~‘min, t_ i l - t a t  d i s ::o] ‘i - i t  -j a S  w i f l  P : i’ ’ , ; p i l  ‘ i i i  ‘5’ : o 1 Ii t i o f l  11:

iii’: li quid  i r , ’I  COi’i ’  ~~l o i l _ i - i l t t  t b :  ‘sort ox ‘u n i ’- , 1:1 ~.- I -j m . i k i r t - j  i t  vi:n i~i i

tlore’,vt : r  , t_ l , t :  l o w  S.:r.  - ;  i~ y ot  t i s ‘ jo t ,  u ’i r ’ j o n  i_ C  I : -  I , ’~~A i  w i l l  0,015( 1 1 it

‘~ ,i : ;  to r e m a i n  ‘ : ‘ , n i c , - m t r . t t  ‘I at l I t -  ‘,‘- , r l ’ - x  core .  I t  is in this way that tb -i .’

‘ -C r1’:; of c u f f  i i ’ i ’ ’ r , t l ’ , ’  i r t ( - : l : , iJ I ir .e ’  Vor t _ i ~~~-s arc: Iliad ’ vis ihilt: by I_ h e  gas

brough t ‘,u t  of :;~~lt .u t i ’s ,  i n S  h e l d  I i t t - r i - . Note t_ t t , t Oh ’  - t b m : s ’n t : e  of I_ I , - - a~~p e d r —



‘1

,i:i, ’e n i l  f r : . ’  ‘ J ’ i : ,  at I I ~~ - ‘-i on 1 ‘ ( , i ’ -  ‘it s- s  1, i ,L  Si - i i i  I ;i at  n i ,  ‘ I o r t t : x i i u rj i t

o u C ’ u r r l u i ( J ; i t  lfli f i ’ L ’ /  i , i , d i c u ~~ t t ’ : ,  I : : , ’ I T : y  ‘/‘ , % i , ’:X ~~‘ ‘ t  :t~ u, w; , ch i ’ , : - r ’- t; ’. t , t  Is

not  suffir .’it .:tUy ::t. Y - ,n~ t o  l ,r  i i q  ~~~~~~~~~~ : ‘ ,:, ‘ ‘ ‘ I I 11, 1 l ’ s , :  of -;o - . t , t ; t  of

r , o l  u t i ’w i  i i ,  I_ lie  Lt ’ :i; b .

11 . l I l t  M ,~~,i’, l .

11. t’1o~~ ’ i  t ’ ,, , r 0 n t e n ) S l i c 5.  ‘10’  i n-I’- ] - i t  iii it’ d i n t t ’ -  p r t n -~ n r i t

‘ , t _ i t ] ’,’ ‘s-,.t’ ’ : .  :;. - r, ’ i~~ 1 i/  I I, ’ . u i l h t ,’ - ,  - , h J t - . ’ h ‘ ‘ n i i , ’ ’] 5’,’ iiok .,t,’t an ’ J Y c : l , r ; ’ 07

TI. .: I ; I c)- ’: , - t i c :  :t ~ - l n ’ J  ‘,i.~. I : , , ,  i f i t ’ ) - es’s , 1 . i l , fri - ‘ i - I t  r to üc:) ,  j °V(  l 5 t  ( X , f i—

~I i t  l it,. n,,t ’, Ia : , i t i i t~~~ , 4 -uj i.~ , i _ b - n ’  i~~r ngr .~ un nil’ , 1- ‘ - 1  i i’- ’ ,. l ii’.: in- j r i n s i r , . u j  i f i O - I l I J ’ u i t i ’ j f , :-,

‘5t - J i  .5, I’S Iii’ s :

I .  1 : r q - u n , ’i ’ ’ct-  - . t  o f  ‘ i t  i r ’ i f l o - s  Y O I i O J  I l ’s ;  iO{ l lie J. :1 J— ’,- :ilu ::‘:I: j

Ii~ I I , -  t d ’ - - -i I  t n ’ S i :  1 )— s i l t ,’ ir t o ’t ’ : l  I t s .  j j i i t u , ~~r’/ f - n - s - u , ’, f i o i w  -se i , : T I L ~ - i , r I l t , n i l d Y

I~~ t b - i t sunup axit :. /,‘ ‘ t_ ,i (J uu , -ji ‘,, I i i : ;  m’~’i ’ I e t ,urq n : X 1_ r i t - r i - s - n t  a rn- _ r i  sc s i- ,’’. ’

i n flow ‘:‘ ,r , ’ i i  I I ’ , : ,  i n ,  t h i n : r e n ’ , t  y J - ’ : :~ i uit ~~- , . i ’ u i  t i u u s  r ’  -; 
~~~, a I r ; . i u ~~u n g  551 1

W i t ,  iri S -~~l l  ‘I whi ch ~- n ~ ‘- 1 - i n  - n t  ~ 1,mh 1 , nt i ,I~ r :0—f  low v m s - i l  ‘/ ‘ l , s t r  b i t t  ,ru :, H.

l i i i  inI ’:,i I i n t ’l rr, ’ s t - l ‘ a l i t - h  1, ’-  . 1 7  d u : l mn : , , f’ - n i  I t , ’ -  wet , 1 ‘ ‘ m c- : ;  t , b r , i : r n / o - -1 I i ,  I t,-

t I : ,  in t j n - -  i : i , 4 — : : n ’ - , I n  rIietl . - i iS the full p i . . r i l  - ‘ t i n  t u r , i i r i ] i u g — w a l l  ‘ ‘ n - , f

ur ,il i en ,  , j t  i 1. i it. - ‘ 1  w i ’  i l l  I’i’ ‘c i  i l  by n j  - -i t ‘ d I :: t i n n ) ;  ; I t : ,  ‘ Oi l t i  t ; - p i t .  ‘ - — I
It  5150 ‘sir,  h i -  ‘ i - n h  i n  L i i i -  ~~~~~~~~~~~~ i i i  I - j t i u  n — 2 , w h i c h  ~, i i - i , ’ - i , I n - . - -

~ ‘j e-:i  r 0 i

‘stew of IU: i d ea l  i n t - S  I :  I )— - s c . l  I- nni’ id ’I :1: 15 .

.“ . I n : , l i l  i a~ ‘i n - .1 t r , f l S p o -  n t  n ’ ,rr,; .- - ,t ,  i t t  - . ‘Jo j , i c i, j j I
.. t : ’ -  f i ’i ’o

v i  :;u-,l i n - i t  1 ‘in I n~ ‘ I ,  - iii’ ,’ : , I , t l u ’ -  i: 
, ‘ - ~~~~. : , -  - - n ]  : ; :1,. 1 , 1 ,  0. -  11 , S t  ra i qh t c ‘or 1 i ‘ a, ‘5

tl’me iw.,de ], Si  j , I~n , i ,  I i i i ’ - , r ; S l I i f .  ‘ ‘ ‘ i I i isj , - i ’s] ‘iris ju uisp— suiniji w ai l  W e t ’-  r r - mn v.: ’I

‘il ,(l T ’ ’ i ~~i i~~t :’ i b y luc i I , ’  ‘ ) i r ( J , u , t  f i t S , ‘j’t,’’ ’; ( ‘ i t ,  i. :,. :1, Ii, I I j . ’

j i r t .-e n ’r i t  : 1  i, l i  1~~~j - _u r . ’  .1 -~a .

I. ‘Jo, i_ i iTs - 1 ’ -  r . TIs - j i , ~i F — ‘ i - t i l t :  ‘I’ S t i lii I ‘ - li 15’ - i l , 1 n ’  I n ,i I i I i i , ,  f t .  s u j , —

ported by a low fri cl t o . , : , I , ._ i i u u l t - n - : :t t c - , J i~ t - . i r i I - 4  ‘5,. ’ , i i , :; t _
~, lliti m m  l b ,  SI . n . i n j i r I .

j i,r t_ i o x i of f_ li t ’ sij h~~n - l i n t :  (I.D. 1.0 u n . ) ,  jii :;t_ ,ih i ’,Vl l i i i ’  t n t 1  of ,a C O O . : —

shaped ~ t ,mu t 1’ in 1, -I l . ‘I’ll ’  - VOl  t im t ’t e  I W i S  ‘ i’s- r i  I n,  n 5,1 t i I I  U l f l t :d  S t i n t  t~ l’ I_ I i t :  t i n t

l, ’/ d r t i d ’ , ’ r i . i r a m ’ :  cj r , : , u l , u I i n  i n  I I , ’ ’  ~~uin1 - - i j - j ~ r n .ich f low. T hit- v c ,r I  i r r s - t t ’ r  n a i l  hi ’

5, ’t r,  i n .  f m ’ ; t i r t ’  2 — 3 .



4. li,’: t t l i . , I  ii,  t , t  i.aI: ; . ’ I j . ’,l , a g i . l  - i ’ - : .  ‘ n i , .  I t . , i , ’ _ . i ,  i ’ ’ ’ r -  . I ”.

I t i im ‘i  I l i t  , - , a ‘ - i ’ ’  I . - I l. ’ .m ‘ - I I Ii ’ - I : ‘ ‘ ‘ ‘ . I  - lii t i ,  - I ‘ ‘ i  i t  j l i i i  I I ‘ .‘ i l l  I I I ‘ ‘‘I

W , I - , t t l l f lOV ( ’d . i i , t l  i ’ ’ i ’ I ’ i ’ ’ ‘I I , ’,, , ,  I i i : ’  I I i  l i l t ~~‘ i l .  - I  l a t i n  I ,’’l— t t , . I I i i ’

.i l u i n t i u m i j n 1.I.jt ’ i t i t i  l i t  l i i i  W I  I i  I i ’ , ’  ‘ ;t  t . a i t , — ’ j - , ’ j ’ ’  ~‘ a ’  - - i i i .  I t . t i a ~ , ,~ t j , - , i-

“ ‘ 5 1  I I ‘ it s  ‘‘I  - a: - ‘ - l , ’i ’,ii, t O  I I ‘ v i i ’  / - ‘  -

It . I ’ l x J n t - l  i i i i ’  i t  - i i  ‘.q iu i 1~mi a c ’ m.t . ‘II f - I  i ’ - ,~~, , n ’ j  i t ’ t p , mnk I i a , o  ‘ ‘ I i , w i , i . - I ,

i t ;  ,j , - : ; t :r a l i t - i l  i n  ‘ j . - t , i a l  I , ’,’ 1,5- m i ’ , t h u  P i n , ’ 1’, 1 I t l i ) , w i - , ‘ i - - i - I  t a t  t~~ t ‘~ 
‘ _ : 1 , 1

I i . v t - : . I  I i j , i t  J i l l 0 :

I . I) i:, n ’ I i . i t ’j ’ ’ : i  i i ,  I I , ,  ‘c i i ! u ,  I .  l l i ’ ’ ’ i S i l l t ’  ‘ I  i. ’/ l i t ’ ’ l i t ,  t _i t  ‘ i i  i i . , a t t - ’ I

‘ i t  m l  ‘ ‘ i ’  i n .  I ‘ ‘ n t _ - i - I t n ,,i- , t r i l ,t ‘ u - t i - i  i - i  - - ‘ j ,  ,‘j.’, I i , i , a i , ’ , i i n ’  I ,

/ . t r l . i i . - t  t i n  I n - u - ‘ I - i t t  a - t m , : ,  - ,i ’ - t . -  r ’ i . ’ , j ’ ; ’ i n t - ’ l  n i - m n  , ‘~~~ ‘ ‘ . i , ’ i . ’  i l m a t - I

t J ’ I  1J 9 t  -

1. n_j.~~~~,, i f I . : :  “ I - I t ’  lIlt - , i : . I , , ’  ‘I -, , i t l i  - ,  ir, m i , _ i - . t , i t .  ‘ h i n t  i t  int ~~t . - r  J l i . a i t —

i m t a t - t,j r t ’ t J I, -, N’s/-.r I’ll ’ - ’ t t o n i ’ ’’ , i t  ‘ 1 . 5  l I t  I a  l i i  I t’ 11- .1 4~~t )

4 . I I ’ - ?  I i i t w  ‘ ‘ a t ’ ’ u i , a t  i i i ,  w i - , in , . - , i n i m r ’ ’ u i  I,y at ,, ’ , tmi’ , ‘‘1 t ) , ’ - , l o t ’ - i i t t - t t

I I ‘in t ’l ‘1’ t I  I i ril ’ ’ I . - r -

I i  c t - i t  ‘ I i i i ’  ‘ I ‘ a , .  I a ’  i i , :  ‘ t I ,  I i t ’  ‘ , t m l i i i ’ i i t  ~‘ t - s ’ - ‘ • in’ ‘ a n  ;i m a  ‘‘ii w i I I i  I l i t ’

J , t t - : , ’ , I u r i ’  I f . a l t s t l l i ’ ’ i ’ l  - - ( O r , ’ l ’  v . - o , ~‘ , ‘ I ’ l ‘14 1 I I ’ ’ , ‘ :‘  u n - h g  a t ’  a 1/2 - H a .

i i ,  i I i , t ~t t ’ ’ I i - i ) ‘ ‘ a , : , . - ’  I .  .1 I t ,  - i i ,  . a n n g t i i f  I n n  ( l ’ t ’ - - . t o~~, tn, ’ l t ’ l  1., ‘:‘y~~i -  l ’/ TJ

l , ,i i ) l , I i )  • i i a ’ I  a I . . J , . u i . - i i ~~u j ‘ i  m ’ ’ t i i  I , A ‘ i t  I i l - i  i t  ‘ i n ,  of  I I , . ’  I n , a i i t , , I ’ i t ’ t ’ t

w a : ,  rn.a ,Ii’ / s  :u / i t  i ’ j i i i i : , t : : t , i t  a - ’ - i .  ‘ - ‘ s i t ’  S I I I  s b , ’ ill S I i iUf l ~) .  !~

I ‘ / j - i i - a I  ‘ t i  m u r a l  m i i i  c n i ~~’,j i ’  l ’ . r  ‘ ‘ I i , , u i i n ’ - i  1 i t  - ) , ‘ t ’ s i ,  l i t  I u c j t i i . -  2. ’ ’ . ,

a I I I t  i t  I ’  ) l i  ‘i i i :  - I a t ,  I I ‘ t i  ‘ m t - l i  u ’ i a , a  l i m i t ’  I w - t : . - . ’ , ‘.1 I’ -w : I

‘ ‘l , . t i , t , t  I 1 -  ‘ t I .  14 ’ ,, I t  ( i i , C )/ ’ J i l l

( l a . , i n u i ’ ’ I  2 :  ( 0 . 1 / ’ . I I  ( t l , ’ i ) / ’- / ’ . J I

‘I , .  l i l a ’  - I I :  ( 1 . 1, 110 )  I I ( 11 , 1))  /V’i I t

‘ ‘I ,, i r n i , ’ - i  4: I i , n l t i .’l I t  ( ! I i ) ) , ,t’ tI , , i t

(‘Iia nii ’’ I ‘ ‘ : l )~ ‘/ 11 I I  (11 0 )/Vo l I

0~ I ” J a- ,iw V t  H u t  I a i t i l  i i , , ,  ‘ - I - toni; ’ I I ’ t w  ~,.I I t i - - n - , a nt i/ on  v’ ‘i - I ‘x .o I i v  a

a t ‘ i i i ,  i i i  I_ I t ’ ,  s i t ’ . I m i i i  I s  - I w. a : ~ , a ’ ’ ’ ’ (  .n i j - I I ‘1 u - i l  by tnt ‘a I I t t  c u t  1’ ‘ ‘t a t  h a g

‘ t i u u f  i t  I i ‘ i i  W I l b  I ‘‘‘.1 i iy i .  i i ,  i’ - ’ - t i - n i  I a t in , - a ‘ly .  ‘ a ‘ - ‘ s - i  Vi 1 I I l i p ’  st ;I,

a ia-naq t i i ) , . - I i j i ; i a ’ ’ i  w i t  Ii ‘‘/l - i , , J t ’ y  lie - - I i i ) ,  l i i ’ ; .



r - _

I- ,

I l l .  I’HI -/ l l - N’l’A’l’I u N  ‘ )l ’’ i-IXI’flhi I M]’lt-l’PAI, RFP- IJ J , ’l’ib

Thin’ ci n i ’ li I i ’ m , - ur)d -F wb-, ,i - j i  nh ’ S’’! t ’ ’ n , t n  ‘ st :r t  ;s’n formed and t k t & :

j .ri n i n - ip •il i i ’ : , i u 1 1 t ;  a r t ’  SIJ,ilUika i’ m / u  ‘1 10 t a i l ’ ’  . N ’ n t ’ ’  IIi ,i t j- rot~t t O-,’j ’’ va l ues ‘ 1
HilIfl j ‘ - I t ‘V,,t I i ‘ ‘ I , - , , I 1 ‘ i _ i t  f a l  , 

‘ - , , I I n - l i — r i  ‘_‘l’ .; oni ’ n i t ;  ,n - ,~~ - , , a t , ’  I : : ‘ m i r i j  , backwa i i  tb  I 1 I

, I r ’ -  n i - : , t ’ m , t t : i J  t i a . - i  n - l i , A s h u - I — i ,
~~~

— : ; t  u - p  . j - j ,  i ’ m - ~~~ - i i  W a t t  IS i i  m i t ’ - ’ l  i i i  1, 1, ’- t i m e ’ !. ]

t , - : ; I  I~~ , a r l i , vt - i t  t b  o~~t ; n t i - , l  r u m p i ” i n i f i ’ ~Ur~~t i , iii , w i t ! ,  bc ckwe l l  p o s i t _ i o t a ,

.s idewal l  ‘ t i n , ’,’ r ‘ j a n, - ’ isO s i -l i  t t c . r ’ -_ i , l . i f a -  ‘ t t - o f l t a - t _ n ’’/ bu i r l u ]  ( i h ) t j m lZer d i n  I, i : r t ,

A’ ’ i ’ o r d i i ’; I y ,  I t i , I ‘ i-i t t t - n - ~ i I  I - :  I t” , i r i  n :j t 5 ,  t i I. .:~ w ;  11 I -  dt’scrilitrd . ‘r , :s i  / t u  i n

l I n ’ ’  I o l l ow i n , g .

A .  I r i i c t _  A l j i i : t t t i ’ ’ : i t . J I  was ‘ 1 n - n - i ’d  i n ,  I _ l i e-’ i ’, l t i — s c , , I a t  n i l , , 1 . I _ i t _ I ,

I , ,  l iaV i :  ‘i i .  j o l t - I _ — I  low n : , , m , , l j l  ‘s o  ‘ ‘il— oh r l ’I c - - i , I u ~. : - l  ‘ a ’ ’ -  ‘ i f  I l i t ’  15o’- , I  : ;i ’i ’’_,te t u S H

‘ S, : , i ’ r v ’ - c I  Si I ii ’ L u st  eu l i i i ’  I : 2 4 — n ~c aj c  rni~ n i - - I  of I l i t ’  - :n . i i lj i i i : t : c ’  l , l d I t t  l~i ’ j t i u t.

Aon :o r n l i n i ’j !y ,  a I i ’ i L O  u ’ ~~~- cia i I ‘“ u l i f i q u x ’i t i o u  wan a l - i ,  ved , j t }_,y I r j , a J ,  , t i u i i  ror ,

wh Ic)-. ~~~_rod U ’:- - ni  i i ,  ~ r : l n t  - 1 I n  tv. n f l : ;  I r : Ito l u n u s u  I n ;  5tiIf~5 P (a  ( t  il , . , I - ‘ ux~ u t  n u t  ci  t - : :

tI~ . -  ‘; r . i v l I  y I low - c l  i ’ s , : : )  1’ ir  t j , t. ’ cc, i ir l i tjon 5’ :a J. l tw - - l v t ’  pumj it :  ct 5’ r , t I  iou]

,i I~ ,i r a t , ’ ‘1 ‘ ] m n ; c : l I u r g i - . ‘l ’ I , a .’ I u s r r i i n g — w a ] 1  c o n f i’ p or , i t i t o  a r r i v e - S  , i I , i t .  nu }u ’t wn

i i i  fn ’ i ux ’ :~— i , i r,d t O t  tuil i ’ t Vi : lo~ ’ i I .y pr o fi ] ’ ’s  rn , . : ; o i n ’ ’ n l  i i ,  I_ h , ,  l : 1 P - : s : a l - - a r , , !

1:24—scale HUtn~5 ,.r ’ - ::l,t,wi, in I j t j U t t :  3~~J. , ‘l’he:.;a, v i ’ ] , , , :j t  -l dj : , L n  ibu l _ 1 ,55

‘~~t : r t ’  m e asured at. - .i cr 0 : : : :  :;e.c:t i ’ t u i  j 2  f t  , J n t W I , t , I  I ’ l l : ,  f ,  nt i s  t b :  o ’ ’ .- r flQ t i ’ ’ t ’  w i t h ,

aio Lr cr ;h i r ,in :kn u in , :; t uil i_ ed , with 1 f ’~ri’l~ i-,’ i : J t  ‘i , , l _ l n ~~~, of  j J l )  f t  ,tm,d a PUISI )

d l s c : I l a r g t ’  of (11 , 1 1  i - f : ; , w h i c h  in  j J .h ’ , o f r a t - c l  ca~ t a ( ’ i  I y .  N ’S ,-  I I  at  y ~~~-i  ‘1

( l t : z i ’ ,I . t : , r t t n ’ u l i t ’ C t I V - I y ,  1, 1 , -  1~rcI
_ oI.yç s di r; I,u ns - , - k , slow 10’ w , I I _ e r  sur t~,a ’ ’t ,  and tI,c:

prototype vt’lnw ;ity. ‘r J ,t - ‘: ‘~a if o r c n i I -/ b et  w i - i ,  I i , . : vu li ,, , t i  I ‘,- Si t.jtIibu tjair ’ts us. • i :i u r ’ ’ c l

i l l  the 1_wo cliff a:reri t suInpo 5; w b , n n 1 l y  s a L i s f, , n - t  - tr y .  In o i d c’r  t o  obtain , thi n ,

w i - l i  : , m r n u l . , I  i .1 .‘tIil,r,i,i, :l i _ t b ,, c : o i , d i t i ’ , r i  a 1 j rc it ’ il ‘/j” ’ ‘ I i  ‘; c lt .arijt- of ‘ )9t J  t : t t ~ W . a S

j _ , i n i t ; i ’ i I  down t i ’ ’  f i r ’  1, ,. ’,’ • i l i l t l e i n .u I i  - u h i , i r j r a ’ :  l~, , , u i d  orit .’ — l _ l ii .~~d ‘ i t  f_ h i s  d i sch a rg e

( 3  ii jr u fnu) was allowed to -a : ; : - ;  I l ie j d i ’i l  j zcn d ‘ , u m t s j , and Wa:; i f i t : c 5 i , t t n ; r - n l  out of

the iiwide 1 tlarough I la o i j r  .j’j i t  y f l o w n ; a n c t i o l i t ;  . Al 1 0 , - :  1 : ;  u u u l  ts for the 1: 10—

scale ii~adc 1 reported iaert’ i naftor were , bt ,i  t r I e d  using t o .  i n ;  simulated appro ach—

f low c oma d i t i on , a pump S t  : i ’u I i ~~r ’;’t of ( ,( , ( )  ‘ ‘ I n , ,  a rid a sunup n levatioi’i of  110 f t

unless c , t l i t ’ r w i  ~~~ S t .it od .  Not ‘ -  , t l n ;o t l . , a t  i l l  ‘ie I o t i t  I n :,  reported herei n a fter

‘s’-re mea n-,uyc ’d  at f } j t ’  ‘ ‘ t o ’  , ‘: st :’ t . i o i i  P2 I I  i l’ ,w i , : ;I r c ej m f ront  I_ l i t :  J i l u r  noses.



B. ’I’a ’ : , t. s I - i t - t , U l  I ,~~ O Pt s  i n & - t i w i t  I i  ( i r i q i n ’ i a l, P i i m n j i Confio t , i r at jon .  ‘Pi t t ,

r t ’ : ; u l t n :  n i k ; t , i m n i ’ - nI  I nor ’  1 l i i -  l Im I T - -i ” ’ni f i ’pittt l o l l  t~ri ’ji r ia l i y proposed by St a nl e y
Consul l i n t :; a a i c l  i1~~~ ‘t i  i i i ’”] by 1, 0  i t  ti au .d  V i .n i r u ’ d ’/  ( 1.9 / a ,) f i r s t  w i l l  be p r e: ; a- n t~ed

in orde r tn-i  p rt v j ek ’ 1 , - a-: ’— lii ,e d al i  aq ’m i ~~t : t  wh j i l t  f l o w  1f n ;t r i  but  ions obt _ ai n,t :d

w i t h  :i , ’ ; . l i fj t ,i ::i_ inrtp ‘ ‘ s f i g i i r ; ~t io n s  ‘ _ - i : i  I~ - -  l l ’i ’ p ’’l ,

‘ I i i , ’  V’ ’ l , t u ’ i I  ‘,‘ i i i i , I r j i , u t . j t - r , : - ; rnii ’ , i t ; ’ , r e - d  in I _ t i ’ ’  n urnp fo r  Run E l ( l ie

trash r , .n : l - , p r t - t ; ’ : u , I . )  i i . , !  Ru in lt~/ ( 1 ~~~~~~ d e n n i u  t r a s h  ia: :k , j r , : : t . a I  i ’’’l) are

dc ’pi ct l  i’d for d -om~is rrs’s I l :  f t q u r~ 3—2 . Th i s  t r , i : ’ l m  r ack l , , id 1 . 5 — i n . (Ie . :j u

v er t i c a l  b c t l  n .  ‘i t’. r , — i i i .  - ‘ ‘ ‘ u u l : e n - s , , i u i d  is t i ~ t~ dust cjr  or i q i i ,a l l y 1:i’i ~~ ised by

St t i i uIi _ ’’~ Cn iti :, aillani s; ml ui 11 bu~ r- t - t n , r r u : n i  to, I , r_n r t : ,i n af te r  .iH  I_ l i e  :-t t , ur ,darS

I r i s h  rack. I”i guri 3—2 t l ’ - n n u ’ ’ h i , t t r , i t _ r:: ; I i ,,j t l l ~c -  l nlm r I I ’~.i I u 1 r . ; ; i ’ ~ li f l o w  in Run I’ll

was st rongl y t , I j I , I i l i i  form , c r u d  wal; h o t  s i  n ; i i i  f i c : i n i i jy  i in t i rc -ve d  by t l , - n  sta rur t ar d

t r ash  rack , w h i c h  h - i - i  v’ o’t m c - i l  l i l y : ,  that -a’: r n - u n  n t ~ - t i f f  icient ,I y Seq I 0

ext r ,c ’t d Si  ~~fl ]  I loan! n Or  I • o n ,  of  t l:e’ I a t _ i ‘ T i  I m omentum ‘‘f thi’~ fl ew t:r it’ ‘r i n g

the  purnj .. bay f rom f l u ’ ’  t cirel , .m ’1 , Thu :i en iuu ,  I form I i’w di St I ibuti Oil was a

m a n h f ~t :i t , , t  m o o  of I l i t ’  r 1 , , I  I vu -ly  j n m t ’ ’ h , : i , -  w . r I  i c i l y i n ,  the  approach f l o w  i i ,

II , ’: p~~~J) SUlflp . T hi  :- . v or t i  i ’ i t y  i -n f l  SI  t ’d arid was concentrat ed when tht -  f l o W

was a i r  ‘elerat_ nd in-mt c 10’- sIc  -I  on b,. 1 1 ‘in S pas t ’ -  S through the siphon I t ic ’. ‘Iht-

h igh deugre ’- of nortun i f ’i i  m’s ty i n  the d i s t r  I h u t  i ‘~ t u  of the app roach I low was

r u ’ f l u c .- I  c d , an :corn l i n q l y,  m u t l i o  I , i t  ‘ i n -  v a l n , - - s  of v e r t im n o t e r  f~r t ’ n ! n A st ,c:’,’ , iii~~~

tttt ~~u 1 : iU I ’ ’ -d in bun El (~,t 1 1 , 9 rpnri) Tb-c’ S l:a r , , i c r c l  tr - - i n - u l r  r , a n  ‘ e  , which S000rn i -

j n 1  ~ i-~l~~ ’ l  l~ ttle in impr ’.vl i~~j  Hi ’’ u n i f t , r m i t  y of l iii: flew d i s t_ : ’i 1 , , i l . i n ~~, , :,1’ n ,

pr odu~ ‘is ] dO a l m o s t  i m i s  gut  i f  I u n -n t  r’’duo’t i ‘ t o  i i i  th ’- ’ v c ir t _ ,,mt: t ,r n r  f requ t  ‘ ‘ i c y

(Run E2).

P r t ’ s t : u j r ,~’ f i  1101 ua t ions 1,11 the sunup floor wi-re measured by mm i i , : ,  of

I_ lie p ressure  t, r i i i s ’ l u i - : t ’ r ’ ;  d t ’: ; r :r  ibed in Chaper II .  ‘I ’I , i t  analog out p ut  from

the t ransducer  am l i l  I f i  or wai ’ ’ Ii sp l ayed arid photographed on an o:,c il losctip ’:

: ; crs- ’u n . The maximum ; . r c : sci i re  f luctuat ion s ( p e a k — t n t - peak ampl i tude ) then were ’

determined cli r i ’ , -t l y from the photographs. The ~ir ussur e-r ’:cor d data included

in table 1 were obtained from osci]losc-ol.t: di sp lays which covered a mode ! time

period of 50 sec. Figure 3-1 l i r t ’ : u . , n u t n ;  osci]  Loscopc’ photographs of pressu r a t

fluctuation records obtained in Run El at the five floor 1>ocitions shown irt

figure 2—4. It Ii-; e un mi in fi gure 3—3 that the f loor exp erit :m i ’:e ’d major pres—

‘:ure f l u c t u a t i o n s, en;jus’iall y ,iL the posi t ioris n~~asured by channeir .  3 and 5;



h_ i

at llc’se l oca t ionu . l i ii  I I , , a t / ,  hflt,i iiu f l ~~icI _ u a t  10 m m , Ii , wa rt- 15. / I I  and 4,1, ftI)
(p rot ety~xu d i r n n n n s i o i . )  of vat -i, , T ’ ’ ; j , ~i ’ c 1. i v i ’ l ’ j . I T , , t _ i : , i t i w ’ ’ V a :I  , t , l i , , a t ,  t _ 1 u n ’  flou r

J ir t ’s s u r e  n e v er  hit C , i m i , u  u~ u - q u t . t Vc’ ( r ’ ’ l , i I i ’ j , -  u , i t _ m ’ , ’ t : , l h i ’ r j n  u _ m i  - : : ; , i u i ’ )  . ‘I_ Ic -

-j u , kh-m i pi i - s : ; a i t — a ‘ di n i~~nS ti, - j 1 ’ ’ I I n I i i i  I u ‘j  e r a  I Wet  ‘ - ins]  i i ,  ‘ -
~~~ ny I h i ’ ’  j ‘ann : ,  m g i  -

of i i i I i ’ m i ~~ i - , ‘t ’ .n n , n - e u i t  r i ’ i’d , ,~~u ;-;~~ l i i  1 , 1  J i , n  t , j - -  : , , , , t r ’ , n ; : - ‘ i t  n ,  i i  t u e  ‘ r~i r , , , S i i c i - n  n t .

The moti o mi  ,,f ~ I_ l i e  Vet l ,j c t n s  t,na :-, n, l , : , n ~~ v e i l  Lu •~~‘ -  9 U i l e  r andom i m i  n d t U i , c ’. Figure

3—4 present_ s h i h o I o~j r a p l u : :  o f  I ‘1j ~~m n _ ,, l fl , cn’,t: v ’ , i t , . , -( - : -  w l i i u - h  e x t _ c - l id , : , ]  f r o m  I 0 ’ -

S Uc t i r i t i  l , a ’ I L  t o  I_ l it : ::uimtp f J ’ , i : i  . ‘!‘Iu. - ‘ior t i i ,’ :: - , ~~~‘ ‘ Y i .: rn ,, i(I ’: v i :i i hn ’ u_ n t~y t O t -  d i i

~~i el_ b i t - n ‘pa: ;  b rough t  o u t  ‘i t  sn,l nit _ i n, r , - i i i , !  c : o n m ~~a ’ u , t  r,,t , ,o,l a t tb- V - t n t ,  x ‘t ir e  by

thu low p t t .: :i : t u r t u -t o,;i’Urjji ’~ I, u i - l e n . ‘i ’ l u e n ; t - p l o t  - i p r . t t l , : ;  w i t ’  ium ,ido,  p r i u , m ’ to

in st a l l a t io n  of t h u  p r e v iou s L y ‘ 1, -n , ’’, i b i d f , i l 5 i  f i t , ’, , — s i t  I ‘ ‘ - . $ ‘ : n ’ m n ’ l 1 ~ io nS

(“p u ‘/s I (~flt to 1, 1-icc, . -  o t ~;U t i  l- I . I” i ‘ J n .u t e ’  I- v p r -~~ :n i l l . : .  n t ! ’ : , , ’  ,,i} - ~~~0’ i i., ’ , 
~ -i~ ~: :S ‘

v ort i c e s wh ich w i - c  i ’  ~h o ’ n I I i n _s : , i  i n - I c r  I _ b , :, f i ’ n ’~~ i._ ,_n :i di t i .’j : , ,  , : i - t  m , I i u , a : t I r a t ’ ’ . : l I n t ’

‘,“i m i ( - n t h i t r i c  m o t i o m i  o ,t  l i i i :  b i d  : ; u r ro i tmid i u ,q  l I m i ~ vt n -  I cx ‘ o n ’ - . ‘1, 1 , 1, ,  1

identifies 1,1, ’- I_ - ntI s I i ,  w i i r n ’ f t  v i . s i i ,f e  snc - t io i t -—1 , . - l l  v’j r t j , .~ I n n a n,’I , nl . I t  i s

al so seen in  ta iSt :  I L I i : i I  I _ f i i ~ pi ’- :-; s u re  flu c t u,, , t I o m i ~ H i r  t l ~ t t un i  w i l l ,  st anaaral

t r a s h  rack (Run E2)  were  comparable to Lhose aScOt : ,  tire d i i i  H u t .  E l .  h oweve r ,

I_he maximum p r e s :u i mr e  f lu ct i i at i om i s  wi re reduced 5t~~ m l i  f i c a nt l y  wh en I I u ~ ’ 12—jo .

deep t r a sh  rack , wi t _ li v e r l t ’ : a I  Liar :; on 6— u i . n_’eflI . i : r n ~~, wit s i n i st ’ulled (Roll E t )

iii this case H rn e a n ,u r a ,d by cham irn ’h 3 was , t ’ n b uo - -d t n  ‘3 . 5  I I~ . Mn ..u- - , va- e , tO.-

v o r l i m n u l  er frequency , , W a : ;  r.:duced by approxirukitt-~ ‘~ 
- I t t  be I ‘~ w t : $ i , i t  ‘ ‘it  b - u i ,  El

The reductions n n m H and a b m u t ) i  t i ’ s i j l I fr au, i i :  , jmn j ’ r. c m v ’ ’ ’ h  u n i  f ra u t ~ c i  t i n ’ -  pU in h i—
P 1’

approach flow , amid L i i i ’  con r .. ‘ : . i ~tn i d 1r ,g  y’i - , l n u ,  - I _ i  O r ,  i i i  l i i i’  tn -I  , 
- of ’ v n , i  I r n _ i  t

t r a n sp o r t  to t I a ’  su c t i o n  L ’ - i b

C. l) et e rmi hia t  m o i l  of Ba ekw. i  1 1 Po sit i . u n i .  Iri .;0,.u i l a t  ‘ n i l  ‘,I tb ’- 12— i i i .

deep trash r.a c:I ’t produced s i q n i f ic n - r i t  improvernemi t  I i i  ti- ac di n I i  lO u t  i i ’ m i  n t  ~ ‘~~iflj- —

approach f low (Nakato and Y e r n m i t  d y 1976) , arid correnpa tr :cli u i n ’j  atteiiuiiti~~t n  i t t  t hi a ’

pressure f l u c t u a t  ion s  ,ind r a -Suct ion  of Lii”  su ct i on — b e l l ,  v o rt i  ut ’ s arid ‘
- i rculatioi

in the flow withdrawn t hrou gh Us : pump—model Si h ih i emi line . 11 was jud ged

impractical to obtai  ii fu i .’the r i m I m b n In - ivers t u i t  in then pump—approach flow dis-

tribution by utilization c~f still deeper trash racks. According ly ,  the next

step in the optimization l i n u t  in9 was to sei ’k a pump—sunup layout which pro-

duced furtbs’r , a I  I i ’ m , i t . i t  Ion, n i l  I 0, :  vorticity t lux to the ‘; i m i t _ m ’ ) m m b a l l . ‘l Im e

first : u t e p -  was to reduce the clearance b intw een t lae  down s tream edgi- of the

‘u’c’t ion Pa l I ,am , ’ l l iii ’ su_mup h ,, ick wall , t o  m ’ a ’ u l u j ’ ’ a ’ I lit: rub ze ‘if thin ’ zone of initen—



n -;a ’ ly t,nddy a,ri g I l u i d  i t i t i t i o h i  w b i i _ i ; h m  l i ’ r m u i m - d  h u m  . ‘ . i m u  t i m , ’  or  i i j j u m , i I ly p n ej i ’s ; a ’d

sunup i h -n u i q n  t I i ’ -  h i ’  R w , ,  I I w i : ;  } i e : u j  t i ’ t m m e d  I b t fr o nt  t h a n a ’ , m r u ’ ’ ] a j a ’  (i f  E l i ’ ’  n ; u j ’ : t _ i i i r i

h i t - l i .  I t  w a n ;  t m h , n - u , ’ r v a ’ , l  i i ,  l u -  n ’ ’ t i u m  n ; -  i i i  I i , -  f l n i w  V i  , n j , a b  h / a t  i m , h i  I a ’ : ; t  t i tat  I _ h i t ’

I m i d  t m m I I n  - : j ’  a ’  :~ - I t  I w’ s ’t i  I ma - l i i i  ‘k’a ,a 1 1 .,ta ;d I 0’- i i ’  ‘ a  n’ - I ,1 t I’ (~l I h a ’  - : - ;u u  ‘l i t  i i i

b i l l  w an ; : , ui i  p -  - t  ‘ n t  I i .  1 m m 1 ’ ’  m m : ’ -  : w i  m I i m t q , wi g I ~ h - ; ’ - r ’ ‘J’ ‘ i i  , m ~~ , i  ‘ ‘ c ) a i 5 t  ~ h i t .  : ‘ - n i ,  i n -  -f

Vii! I m c i  t y I c m  I i t ’  - I I ns ’ u - i , n ‘ ‘ 1  ‘ ‘ ~ 
t i n t :  : ; i i n : L  i cmi  bi .t I I .

h i m  t . b , , ’~~a : I t ’ : ;  I a mrt u v I m I ’  - b,ittkw ,i I I w.t :,  j a m ; i l _ h  c i i u n ’ S  - i t  n , a l ca a : n , n - . i v e b - ~
:;m,t lb a - i  di : I - a u , , - ’. , I : ‘ , m n u  I I n , : ; , u e : t ,  i l i u m  lit - I I u n t t  i i  a u  u , I n t  j . nnum 1’~i : , t  I t m a i , u i c l i j n ’ b

h m i , m  Ihi . ’ I i i t m u m , u t  u ’ i m ,  ‘ it v m : . t b .m j ,- : ; u t ’ I ‘ m i — b u l l  vlsi l i t ; , - ’ ;  m u , !  l i l t  - m n ; u j r ’ - ’j  v i . r t  l n n a - t m ’ n

f r a ’ - 1 , i , : i m , - i i ’ n ; , w n , i t L i  i , . - , a -  O i l - I - i . R u u m  Ed w,~n c ” n i ’ h u u c l m ’ d  wj l . ii I I , ”  b , i ckw s l l  : , b t i f t e d

f a ) rw ,lrc I by i i i .  ( b - n  ‘ i t  i l  ‘/~~ - ‘ ‘  - i t m u , t ’ u , n ;  t O O ) ;  I i i , -  v t - a - I t i r t i n t  i’! t t . : ’ 3 i i t n u ’ ’y w a n ;  liiurad

t o  h a ’  : ; l i q i i u  l y  i~ i u j l i ’  m t i m - m n ,  t t u , i I  a -i f  l<un I-:? , .~~~ ‘ I  t _ I~~’ h f l d Xl _ b t a Ui l I  b nr ’ i - : ; s n ; r ’ ’  I I u ct , u —

a t  lo m a i f l< ’asui  i n - ‘  I b iy  ‘ 1 m m i i i  ‘ I I , I I :  nm v i a  n t r i o t  a :  1: te al  i i ,  iv’ ’ I ‘ , i u . a m I 1- th a i  ‘OH ~‘Jlmi - h i

I i i ’  hackwa L I  v i , : ;  : , t u  i I t .  ‘ I  I ’  ,x  v i  i t t  , : n ,  a c id  i I . i e i ; ,’i I I , --— I n m .  , I n ’ r ’ Ru n E5 , IOn - peak

h i r e ’ : ; : ;u r t -  f l u - - I  u i , i l i ’ m ,  , a t i ’ I  I m n v t , i t i i u t i  I n n  i n ’ ’ ’  it -r u n:’ ,’ wa . !, r’ iu iy l t l y t _ l m : ’  n - S l i t ’ a : ,

l b ~~u~~a ’ of Putt iOi , m i m I II ’ ) S t q l a L t  m a l l i h flj ,r’&J V &.-mfl a : m a t  u t  the h mi _i1 flhi_~u I l 1 t , , ’1Cil i io w  n

vortex forma t u u si w ,m :, ‘ u . s - i  i ’ ’ !  ‘ h u n g  I b u t -  I h n , w — v i ’ m u a l i z c t l o n i  I _ a - ’;t .  lbowa.ve r ,

w h u ’ ’ u m  the h , . a n ’I ’ w , u l l  w a : ;  : ; h i i  f t -nI  , i i u  -~~pi~~t i n ) h n i l t u — l n .  , Lu cj i v n :  i I ’ m l  al i i ’ s -s r i

s h if t  of lu-i m u , .  ( Run I - 1 )  , t i m e  v n , r I  l a n a i - t n - i  f n e i l u i ’ r i i :y w i : ;  i- ’du ’ ’a ’,I t t  a j n ; ’ l o x i ’ —

mdt ( ’ly  l7’~. 0 .-low tha t  ‘i t  b u n t  E2 , ins!  t i m ’ -  m aximum j i n i ’ : , ’n e n r t -  f ] u c ’ t u i , f l . j oni u ] ’ ,o

was d i - n ’r t ’ , a n , u - i b .  Use’ of’ t I i . ’  1 2 — i n .  ‘ I t - p t , i  t o O  t ack  w i t h  t ; ,t  I l _ I — i ; , .  forwa m ‘I

sh i f t  of I b m a ’  I,,a n -bw.miL i 5 ’ i n h t t ’ i : i i  h u r l ‘ n  j m l i r i , ” , ’ u I n t - i , t  it; b i t e  I l n , ’,i ‘ ‘ c d i  I a c . m ,

(n n _ i m n j i . m r u  Rune-i Oh , ’ iitid

It I h a - m m  w i : :  ‘ ‘ X l i i ’ ’  I ‘ ‘ i i  t , l , 1 t  n A i l l m . ’ r  t i ’ ( l U c t _ ‘ n i l  i i i  I t t  el,’,jr,, u ,n - u ’ i,n .lt irtd

t O t ’  :;uc :l t o n  b m a : l l  mig ht  j~ r o u l u i ’a’ a d ’!] I j i,u , , a i imiir’ovemennit . I s ’t . : u o t d i i . ’; I ,’ , Pun E7

was u o bm d U c l_ i - , I  W I  L i t  a b,~~ ’k ’~ - m  :1 ‘ - 1 , 1 1 1  ci 211 i i i .  m m m i ]  I l i i  ot  i i  b i r d  I n  i :  h i rack.

p i t  m s , , a ’ i :n  m u  t , i h m b u -  i t , i , , i t  , s - i - :  r i ’ t hu i ’’ ’ij  l~~ i I , ’ss 1- han h i l l ,, r t b , ’ ’  va lu ’-

o bt a in n ’d  a n  I - w i  l - 2 , w i m m  I ’ ’  I I I ’ m  c : i u , i r u r n t ’ l  3 w a n ,  t , ’ n I i  t ’ ’ u ’nl I ’ , I t ’ s : ; ht , , im 1/3 ‘i f

i t s  value ( i f  R u _ i a  10’ . I I  v i :  O i h i : ; u - t  v an d , l m n i w ’  v - u , that. wit Ii th u :, b,.it, kw ’ib I, c a n —

Ii qura t. i uit , t hma - I ~‘ i i  i t t  ‘i i  - a l  I a n  I u i f l ( ’ f l l  of thu ‘ ‘ ‘ I t ’ :  I - l im e— h t a ’ l  I VI) t t i ‘ - i a  moved d oWmm —

str eam , away from t Iii’ 11 ‘ion - r a - : : :  ‘i i  a - h r  , i i m : ; d u j t a ’ m  ii cmiii toward the backwall  , and

ac tua l ly w ’i: . some d j o t . c u , ’  -e ra- nioved from thu ’ t x , i m , s d u ,  - c r  of ‘ h a n u a m e l  i . Accord—
i ragly, i t  was j udqi ’d t hat  m u cit  ‘i i  I m a -  r a ’ i h u c t  Loll  in tlai ’ t , I a ’ , , ’ ; i J t e d l  I I  w a n ,  a c n t n m —

- u - ’ j ii t ’b m , ’a ’ ‘i f  I b u t ’  i a i i : r e - , m : ; i - i l  , I t o I  , m m i u ’-  I m i  I .via ’a u i  t ,h aa , n 1 , i n j r i t of vortex at  I ~m c i u m u ’nu t  and
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t im. :  ~- n a - : ; : ~ a A r i ’  t n , a m , n , ’ j , j m . ’ ’ ’ i s .  I m m , h a ’ i - n ’ . , ‘i t  :t a i , i I ‘ - h m : , a ’ ,  Va t  i ’ m n i oh  t b m m ’  f l c , , ,r  v u r l a - x

A h i  Pith ) i’ 7 i i  it ] i ‘ j l i ’ t ]  I I nm t m I m n  i n 1 ; m l  I,, - nn I ‘ , n , u  i i  - r I l uaa i  I I , ’ ’  v i i i  I i  - x w h i c h  I ’  in an ’ - 1

i i i  t i m . ’  ra ,uis w m  1.11 h a t  ‘ i i i bcn ’u , w - m I 1 n- _ j . m i : h t i q .  ‘ h u m S  }‘o ’in it_ :; ui~ t i i i a - o l t l a a m  a l i t  I i —

:imlhit’: , , ‘ni , ’oiiim t i-r e,l mum ma kn tm q l , m i m m n i dary ’  ‘r ‘- - - s r i -  ha i i ’ , , : ; u _ m r , ’ m , m ’ - m , I  with I;  x ’- d

t r . i a m : m d n u n : ’ ’ r n u ;  t h a  I n c h r , t . c i i  m i; i ’ , m : ; , m a u  1,, r ;t i ’ i u u i i , , t  ‘- ..n ; m ly b,a - u;hm j ft_ e ’d I ’ ’ t i l t ’

.t innua _’ d i , u t a :  V i - i m m i t  -/ n~~I Voa I.-x .11 I , i i ’ } m i : , , ’ i n l - I t . n i : ; n m  I m i q l i l i q h t s  tha~ m mpt - ) r l . : I i u : ~ :

ci  i a a vi n q  houmid a r y — f n r ’ ’ - : ~ u I n nn a ’ : , , m ’ : ’ i Y  , ‘ I i u n : h m l S ‘ I ’  - i c i n u i f s i m m  i n n i l  by t 1 ‘ i%t/ V i  :tua l i z at :  I cm l i

I m - s t _ :; . I” i q ur t -  t~— l ~ j n i n - s u ’ h i ’ S j . i m n i u i i u j n ’ ip l u n u  ‘i i  I i i , -  Sii ’ ’I .i_ orm — Lt ’-ll V olt _ i n t o : ;  which

fornna n d d u r i ng  Ru i u :u  1-2; m m i i i  L I . ‘I b m ’  r’.,i n’w..mr d :,t u i f t  of lI t , :  vortex n Ruu t  1,7

;s i su c- a r l y u v j m l i .’ri l.. I t  is; , t l : ; c i  : - :en c t i t im t U;.- Ruin 0 /  v n , n l . n ’ x  hat; a s i q n i u f i n - i u m i t . I -j

larger cor in <i i  , m n i t , ’ t c ’ r .  1 - 4 n m u . ’  m ’ j , i i h u  I a n  U t - n : : : ’  : ;w i i  i in q  fluid moti on around

I h i -  g a s — fl  l ln ~ m l  cou c: O h  t h i n  V~~t l  i x  i n - i I ’ m ; :  02 , /1, i ‘ t l n u p . i r i : ; e m m  of: I ; , ,

r’’ccirds ribI’;t i ned f r um mn - - Iu.m n ui t -l I t ri i n - i t t : ;  1:-I , Ou , , n u n !  I~7 ~~u i n n w u ~~cI  I_hat b o t t i  t i a a ’

amp l i tude an’ I him , ’ I req u i i .- l u n  :y of $ mac rat’ ;’ ; i i i” :  f i u m n  ‘ n  m m  I I ‘ a m : ,  a’ -r  ‘ : ‘c r 5 1, 1 , - r a i n ;  y

reduced i i i  Run I-a, . ‘1’!;’’ f m r t : 5 5 : , h u r t ’ r a m c :e u , l : ,  ‘~~i Rumi E7 j i v i  i i i ’ ’ i m 1 r a - : , s I i , t g  oh

n;ma l I f l u m c ’’ t u u ~ m t  u ntis , but t t u e  r i - c l i .i: :I io n  w i n :  bel L ev i  ‘I  I o lu - due h r  ; m u n . ~ r ly  t n

the shi ft: of the J , c i l  r u t  oh  f loor , i t t , , i n ; l t n u a , ,’nt  e l I m m ’  v ’ , r l  ‘- x  away f ro m t ha i ’ I r , i n i o —

ducer , .i:; din i cu~~’;u c l ,mi ,c ,v , ’  . Flow v i  - ri,~t I 1 ‘Z ,i t  i i i ,  indi a~i t , ,- u l  I i , , ,  I t O t - I 1 m w

approaching I_b e  suct ion i a - I l  it t  Run E7 Wi l l ,  u , ’ ’  I i ’ I I t - u  I H i s  t O i l  of R.u 1-i ,,

despite thit .n reduction of vi i i  R u h t  E7. II . w i n ;  j i i i ! ’ 3 ’  ‘I , l l n i n a ’ I ’ , i a - , I h i t

a i h m  balance , a i m  18 — u i .  forw ard s h i t f l  of hu t ’ ‘ ; m i m n p  u i . i i - t w - ,  i J ~ vi ,a S . ) I n I i i i : - i 1 .

ii. Sidewall ‘i n iitI,ii :t, ohm. 1)1,’’ o f I n , , -  n - ;u m i . a i .’ ’ ’ ’- n i l  ,‘ ‘ a a : L~~ - j t ’ ,, i : m

t h a i :  I low a : r i t i - r i m m ’ ;  I ..I n n :  : ; u i , ’ t  i ou  i ’ - l l : ~ 1:; i i , , -  i x ) u n , n i , m t  y I . -,’’ , ‘ . whm j , ’in f , n uu , - a sq

I hi. sunuj ~ f l o o r  ,i h , d  : ;;dm - w,., 1 1:;. The h - -~~w u n i . a r ’ /  b a ’,- a - r  ‘1 ’ vt-b ’ pro-i t i n .  . 1 , 1 . ;  • - ‘ -c  ii by

a f a v o r a b l e  ; i a ’t ’s :;u r i ’  qr . ,i t l i u : n t , w h t n .:hi  c ’ s m m  0’- ;,r ’i ’ - l u m i ’ . n l  I n ’ ,’ n i a i v i ’ r ; i u i q  s; h t ’w , , i  i n , .

In  ant a t t e m j m t  f u r  t im ’ -r  I n ;  n t:tlm i m; t - I he ‘li - i t .  I. I n : n  t y f I mix i t m l . i n  t i m ’ :; ,i, ’I i ii , i n n ’ 1 1 : , ,  ‘I r a ’.

th e ra P y u i : d u i c , ’  t l u t -  j r r t , ’ n u , , i  ty  of I _ Ot t  ::ut ’ t , j - , u , - — b i n - I  1 v n ’u I  t ’ ’ a ’ n ; , t c ’ , t  ‘; v i i i . :  ti i ,,n i i-

w i t h  converg i u a q  sunu p ‘i m ’ l ’ n w , a [ i s .  A l l  c a f  t h a n s ,~ I m u s t :, vi i  r ’  C o u m i l i l u : I  u - d  w ; I l ,  ‘ i n ,

1 8—in .  f o rward  shi  f t  of t O ’ -  b c n : kw , ,a l l

Four d i f f a ’ u ’ u m  I: sid e w a l l  convergen ict ’; W i - I  ‘ - La ,- : : I  u - t i ;  I I a ’~ Ar Ci’, . 1 1  m iu r a t i o n i s

and protohy~ia ’ i i i  m a - I ; :; t i n s  ,i re  :;ununa r ized h a  f i ;u ir ’ n ;  3—7.  Fil la-l _~ of I ‘~ j - ’ -  A

idera t i f ied  i t t  figure 1—7) w e r e  to;; I ‘‘S I im Put t  E8 , ahid  m i - s n a i l  i - c ]  i n  a sigra i I m canut

r ed i m ’ ’ I  ion in vort j mn ’L ct r I r ’  ‘ n l U i n n m c Y  lie low that ma’ , a I , u m t  i_nd l i t  Run LI . The max i mum

j n r e s su _ r ’ fluctuat i o u  r i - i ”  i i  di -d I. b t n ’ou q ia ch~m m m r a ’  1 1 m l  So were ve ry low . 1-fowe ver
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tite ra n; ion of 1 1’ icr ‘a I . t ~ - - i i  j i m a - m i t  ii  I l m c ’  t r a c t  i ‘ i n m — i x :  11 v o r t e x  was observed tai b,e

shj  f te d  toward I i i i ’  lm ,i ’ ’k wa 1 1 , a n m ’j  I n n  t~t ’  : , n ,u ’m. - S m  a I _ , m n n c e  , a w , iy  f r  ir( m that pr- - t o ’  a m  i -

transducers. it i_ s l i - l i - w i I I m n m t  tnu ucl- n - i  I i . ’ i t - n h u mel a ’ n h m  i n  t i m e  pressur e’

El uctuati oat r i - n -u n I t , ’ ’ !  Fr’ ma fi t h i  -t i ;  m i t .

Pr mr 0’’ w~m - : n~~n i . !  u’ I inul ‘t i  I I h’,~ ’’- B f m 1 Li-I.: , , viii I ‘ ‘ I i  i i i  ott i i ’  ‘ . :5 a i t - s n ;

wa-v era’ u-oIiI _ r , i- : I i o n ,  I h n , m r u  l i c s , .: i - f  I /p a :  A. A t onI - - i l  1 : : m i n u  c i t  1- h ; ’ : results from

Runs b-it , In~’,) , ,in ’ b i_ :t,, 1 m n m nb r e a l , -  t i _ i t I t , ’  e-j’j n ,  0 h- il  J e t :  d iS , m i  m l  eve furr .I.c- r

rudut_’t m ohm ‘ i f  l i i i ’  m r a t  ‘ ‘ I : -  - i I y iml I bow : W n t 1 m t i ’~ u ri I l ie  1 i i  -w~~~ u ’ i I . i  -r  i m u g  t_ i m i :  - ‘ic l~ I ‘a rm

0,-il — ; . m  ~ ~~, t  
~‘f , g n -  c vi - . ‘ I - s t  i’d , 

~ ~~w i-:io. t~l~ r ’ s i q h m  t I m ’ -  vur $ j i n t a l t S i

I r ’ u j i m i ’ r i :’7’ W u S  si i - j O ’  I’,’ iu , - r m  , , n : n ’ n l m l v i ’  th at oh  ‘ n i h a  i n , $ 1.t : Vor t ex  :-, L r ’ ’ I m m j t i m

a rmS  t h i n -  i r a ’ n n u m c n m  i ’ - - ,’ w i t  h i  w O m b i i  l i - n _ sn , , ,  - i v ’ r i -  e ’ l i n n i i g i ,  I n .  h i t  ‘f l Slb l_ c_’ ’,uu ’ I.-

n ib :  , a ’r v ’  cl I u i i ’ ’ t ‘ - ‘j u n - i - n i  S I gu i  I I i ’  ‘ u ; 1  ly .  l i i i ’ I , h’ ‘r 0 - -t i _ i  ‘ - - u r n )  ‘ ‘ X i  . ‘h O. i t f l m  c i t  l i i i -

ft li t - tn; would I i . , ’ , ’ - i n  1 m m - i - m i  f b i  r ot. , ’  of ‘ m i t , 1 r i -  I j : m ; i , - i ~~d I j’ n i - r ’ : f n , r e  woul - ’;

Ii , ., ’!’ I - 
, a- r’-’d b ,ou i i i l , i  n y  — I i ’ ,’’ r ‘ ti: ’,’m _ ’ I ua f ifl aa ‘u 2 . I t  w i :  ‘ ‘ ‘ n - ‘ u _ c l a n S  I I : .  i t , it .  l i - n b c i , ’. ’ ’ -

Ii lla,’t:; o h t y~ n ’ -  ~~
‘ i r 0 d U n ”~ - n l  the 0- ~;t .  ;num ;-— A1 ,!.i t n na - i - i t l w .  T!’mc ‘ v i i  small

fillets , i ’ I i ’n m t i f m i:,I - a -:  L / l t :  D i n  f i gure  1— 7 , w i b  I 1~i. di:;’ mu n,se d in t i; ’ t e l  l o w i n g

i (ttu. V a: L i i ’ ’t h y  r b istn tOu t torus I ‘m u Our,:- I’ , ) , i u n , i  L I ,  - i r ’ - p ; a . - s e r m t a  S in  F i n J L h I ’ ’

‘I— b .  A c o m ; i a r m : u t m n  ‘ m l  Lb a v e  b e t t y  m;j:,ti i b i u l  m ’ m ~,: with l i i i ’ s ’ ’  f o r  P a m ,  E2 , ~‘i~~
- — -

- t i, l u - c l  m u ,  I m ‘1 m i t  ‘ - I — .: , m u u n l  m c :, ,  - t ;, t ha t~ I 0’ : ; ‘ t m  w i  :- 1, n i _ n ,  I n  . 1  1 on of the i uxnp—

su.imp Is not t : f f e c _ t t r i g  a smij n I m m - , m m , t  t j n t l . r m v a ’ m l m , ’ u i t  i~~ t i u , ’  1 10w i i i  s t r ii , , u t u c , m , .

F.. Sp i m l  1 - m r  P b  a I ’ ’ : - ; . ftit Iu u i , t n ;bu I I , ’’ ‘ 1  t ’ - n m g l l  ‘ m l  t n , -  h i t _ I  c : i r ’ ’ i u j . . t i n n m m

in tl~~: f low i n n  I n 
‘ f~~~i ’  - t h ’ ‘ i ‘ i n ,  i n ’  I i  i l  it  i’~~ flF~ I I t ’  a m  l i i  i n ’ , , i  m m !  t i e  m r sn uj i ’  -

fluctuation s . m b  t i m , :  l ’ m m - u t  ‘a t ’ , n i l  t i ’ -  1 n - at, :;n hum ’ - ’-r :, or t i , ,  :;u.mn f . i’ J n ; ’-)r’ were

si g h u l f i c a m i t l y  r ’ - i l n ; n : ’ ’ n i  l i ’s’ t i m ’ I or  v i . ’ , ’ !  ‘ : l n m  f t  of I , i ’ ’ uuaiu q i h , a i n a c w , i l  1, u _ m i  I i- ’ con -—

v(:r q ’ n u l .’ a -  of t i i i ’  SuJfl[; :~ idewa l 1:,, ‘ /1 : ;u ;m 1~ l i m o ; .  . 1 i c ’  ‘t m r I n ’j t im e  1 1 m w — n ’ , :  n - - i  I r z ,tt ion

t_ a’st _~~ itid i c a t , ’ n i  l i m i t  l i m , ’  - .~~i _ ’ I  ; ‘ n l u — I ’  II v ’t I l i - a - n ; :, - ‘m l  u n i t - r e  u n i d e s u n r a i m l y . ‘ r u g .

A;; di :;~~,i n ; : ;a ’n 1 ,ibova - , I I i , - : ; ’ ’  v ’ r I  h I  i : : r i  ‘ - ; n m  I 1 f r r rtu I i t  - n a n t , r t , t , t  t,j ’Sit ( i . a- . , I I i ’  -

na n t  von t i C j t _ ’/) A ri I b~ , ’  ,a ;’~~n - m a n - l u  f I ’ i w  I ’ ’ -  m i i i ;  i - i m r u u ’ i - i m t _ r . i t i - d  a ’ ;  t lmi _ ’  I .L ’ iw J u t : ; : u n ’ S  t1~rouqh

the sue t u t , t m  bt’l 1 - mmm c l ( ‘ h i t  ‘ c :  the :; i i  be rm 1 i hi ’  - . A f t e r  th e’ ;iraeti  cal means f o r

:;u p~i ra ’ :; :. l : ig  S b , ’ -  ‘Jn~ r t  h c - h  ty in I h i . t  . m l i ; r c , . a  I ,  f l o w  had ba .’ e m u  exhauste d , the n ex t

step in  the ft r o q ra m  I t )  r a ’ n l u i c : i -  or i ’Ijm ira atr- thin ; ; u c tj o i i — J w ’ l l  vortin,’c’s i nvolved

measures which would dirt ’i :t l y o;jnon;i’ tha,i twirl by applying an opposing torque

to the flow. Toward this end , vertical flow— nm; mi itt ,’r plates aligned with

th ~~ s’.mu;) wer e att ac I~ n ’ l  to the S,ih n i ’ .
‘ cor ba’in ath the suction bell.

The itu it iii ten.tn; In li i i  ii 1 Ii , n :;r’ of the i n vest ig a ti ch ;  consisted of



a sair jew of run:, wh ich waai_ a ’  n m , i m t l u c l , ’ “1 I t ., del _ i ’ i _ t f l . i  i i :  ti”ta_j op t m,mui ta i em m gt l m arid

posit ion  of a s i n g le  :;iml i I l u - n  l ; I d I .a ’  - TI;’: r e s u l ts  of ttm in: - ne t m : n t S  showed

that a ida ti’ t x  t~i -m ac u t u g  n i l  i : ,  I . ’ t - . i n :  I t~~ i rm tl me’ ’ ; u t r m ’ m ;  i~~~ :kw ~ 1 1 i n , the’ forward ( n a p —

s t ream) l i j m  i i i  Ihi’ Sui ’I .i oii it,- i i  y i’’ I I -  t I m , ;  b u u ’st  I . . U u 1 i ~~~ , i P I i r ’O a c im  f l ow . There—

I ore , I_ l u : further I C.;i  :: u r n  t b _ i s  j~ i ; m i : , n ‘ i i  l i t :  p r u ~ d 1r am ;m w er ’ n e n o n a d u u i ’ t em h w i t i ,

plate s w i t i t  I_ h is lc’m ;’jhi ; ~x u d  n - u ’ ; ; h t ; ’ n c , , - , m , d  l i t  e’’ n I t h i - r t : u , L  l i ( ’ J ’ j ’ ml. _ l i.  ‘lii i:

d tm ne n a s i o mun - m amid c o u m f i y u r ~a t  l o u is ( , i  I i i - ~ sp i L t t i - n  I i l . i,m t ‘ S u : l , t e d  u _ r e -  simowni l t m  figur e

3 — i .  N i _ i t t ’  I ba t  a l l  u _ i  a L t i ’ r — p I , i t _ i:  I_ a ; : ; t a ,  w. ra: n ’ n _miitlia - _ t a’d i n  ~; c u ) m n / i . r ( j i t , uj S Ulf lI )

of t’,n ;, .- C with-u I t , - -  o~;I _ i_ i n m i a n ’ t I  Oa ’b’wa ii ii ,m :,ul ~‘i iu , atid L b i . i t _ I _ i- m t .  n ; j  i l l I~t r — j ~~1. m t , c-

I h a i m t k h m a - l i S  w a r , t h u  ‘ , u m m i i - i n .  , a i l  t.a_,’:, i

‘1 0 . -  :i I ,~ i l l .  n f lu _ li: cml l ’/ n a :  A ( a , - ’  I i ’ p i i n  i— i) , w h m i c l .  Was t e ’;l , i n i t

i n ,  Pu th i ElI , w as  I ; m t i m S  I n ~ i i u m l n r n ~~-Ii I i , , -  a ’,  I A i m — u i ’  11 A o l  I ’ m w  j ,,~ h I , r m i  : ; ; n j u t I m ’ , , u m m t i ’ J ,

i i ’ a l u ,.;a: I t , . -  vet  i . i b r i , ’ I i - X  fn i ’ ’ ,mii: ui ’ :’l I.., - u ri-lan vi b y  low li v’ 1 , u _ mm ’ 1 SUp j i Y a . _ - l .S  t ime

I r n ’ . s u r i -  f l i n t u u _ t  I ’ m ’ , :  in t i i  u - ,’, u i  I_ j , i i n  ;;e.k;. v t ’ -  t i ) m m m p , .r  ‘ l i i i , ’ w i t _ l i  t t - ’ -  sh .;I - i C

- ‘U n ’  n. ’l~~i ’ qc’; . ‘ i n : . - I~~ u _ u _ t m - n  - : ; i u r t u _ ’ i f l u - n  n~~, i l  l o u - ;  i n  hh ’-  ;nini ,- n :uxcap . F’in j ir m’

u — l I t  r n - i - s i - i t t : , . I m u m I  i . ’ j n  . n j , b ~~; ‘f I i i i  m i u I ~j i ; I  :t of t im e :  I mw prt’ssurt : tranusducer:;; ..
t ’ci m n p a i  m n ; u , u ,  ‘ , t  I i a a ’ ~ , a ’  p h d ’ -  v i j t ! ,  thon ;’ :  ;i rt - - . m - m m t a  i b  in f i q , m r m  3—i jllu .m slrri t .as, (,h -ia:t

d r , m m n a n  u c i n  ‘ i - m n  i i ’ , ,  i t ,  t i m ’ -  I I ’ m ’  i -— IiressUre f I l i st  oil i on , : ;  wha l  tim was u _ ch it a-i ’s_ i L,’~

I I m u ’ :. lu’ p ~~n . ’,’ - ‘ a j .  an i o n m I u e’ m~~, ‘ - a m  m f  t h e  f m m r r r i p  suam ;m —

P i n  I-: l .t ~ ,
- . n , r , i l m m n , I t m _ i with t r i m - n  i i i  l i n t : ;  ‘ i f  1 ,_i n -  1 (~ ,‘‘ : f i n 1 i i r n -

1— 1 )  a m a  . O b j  I _ m a,  ‘ ‘ ‘ I_ Si  ‘‘ i I i  I1~~ I : . ,  I t t  a m , a l l  i ’ t i m p  t i m  i I , i r t o  r , : c ; A m a -  I lie

V~ . r  I ,,tiet .n Ir a ‘i~~’ ’ ’ ’ ,’ I . ’, ‘ 1 t hru m n i t  l i l y  l i i i --’ ‘ ‘ m u _ - n m  m r ‘ - u n - :  w l t u c i t  wa ,r a  t ;n :c ’m ij m ,i ed 1_my

f l i t ’  I wu i I m m ’ , I a , m u n  - m i - u t  m ‘ s u m  rnio t a i m ,  but  - h i  I ‘ - I n : , ’ ’. vi i I i n  ‘i . I In ,n.,m ‘‘ic r , Lb u a .n snaa i_i

u ’ n i r n u ’ .’r f i t  l i - I :; j r ’ ‘ i n - :  - i t  a , ’ . u n.  - 1 : 11 i i ]  e t r  ‘ m l , ’ ;’ r’v~m l , I ’ ;  h I m u r ’ , vi  rui i : u m t . ttm tlsnt 4’Low

( t 2o rTu j ;~ tx  a l ’ n u m u : ,  I I I . a t m ti I- _ I .‘ i i ,  I - . l , J  e ’  1) — !n litenmi I l u :  m i l l  h a : i ‘j u t v i m - ;  i i ’ ’bu ( _’i - d  by

h~ t if (Ij; ia ~ It; n-,i i ’  I ; ‘ ; n i m i -  I ‘ , )  t ’ , r  P u t :  L~13 , I t , ’ ‘ u n i t  n u n , ’  I ’ m  I i ’  ‘l u ’ racy -~i~t n ~

ruu ij i t ly  cIu ,mal, 1’ ttaa t ma- , , : , m i a  m l  I I ,  R um a I’12 -

‘Fima m m x l  t i : ’ ; t , u n A r m  ~~~~~ v i a : ,  ‘t i ,m ,i l uu_ t i ’ cJ  wit mm I I ’  I ‘i
’ ; - , .’ ( ‘ .ti .l it ‘ _~~r

h,tdt_e’ thin. I , , , : ;  a t , a - m i ; b m t  of ‘, . /~, f t  , wuilc ia ,mi nIm i U;al ,; t I . , )  l 5~~~(- m -  ‘nlm i .ir ti ’r l-i cml I l iii

(:Ia’ar.unic (’ k n ’ t  wa - en ,  I i , ’ n I n a ’  1 ‘ i l l  bell  , mim ui siunj i l i m o: . Time v a . r t . i m n e ’t ’ ’ r  f r equency

was found to be’ cm; ly I .  I n ; u n , :,t  g u m ;  f i c u _ u m t l y be low that  ul - t, a j m m ’  ‘ii Wi lb the

lowe r :;p l i  t I.a n i _ j ; l ’ i l a : ; .  Ooma : va -r- 1 wt ,,k swirl ing m i t t ivily was observed in the

vicinity of t lie floor eu ‘ ‘ u _ m i .  in 5i: of Iii’.- : ; I n l  I I . t a o  p late ’; t i a i ~ was e l i m i n ate d

by the v it a ’; walls WI ,  i ‘ t I m  i h i t .. ‘r ~ec’t .a’d t im e ’  mai m u a j n b  m I _ I ‘‘i p 1 a L a ’ perpendicularly

at  t i m ’ -  f i r e  j t n c t _ i o t a  of t k m C  ; u _ , - t  i o m m - ~ I in ’ - axis (type n~ ’ : ; ;m i  t t t a ’ r  j a late ) - lit Run



m - . i 5 , h i ’ i w ” v a ’n  ~ ~n ’ ~~~ 01 : - i Y n s , n
~~ , ‘t - . : , — l i l l  n j  j n , j ’ I i ’ ’ a i  w i l l .  i m n ,r i x n m h m t u _ i  ,,~~~ .

w a ’ r a -  f ’au n , d  I ’ , m x t ’  r n I  ; t . r ’ h n i n l m - a t i l y u t n n n n m f l u - :;u.uIm J - I,.i ’,:kwall f l i l i i  I t. ’ - ‘ i n _ i i t O .

0’- II ; ‘ i t , ’  - i ~n I ’  -x ic , : , ;  r i - u i  en ‘ c u ,  s m di c m !  I _ l i ,  u rn , ,  i n ,  - u ’l i I _ t~a i _ I  ,. l .a - .

v , r ’ i ’ d - s  , 1 u ; O , n r ’  r i l . l y o r t i j u n m a r m ’ - i  f rc tm ri i .ht ’ u ,n n i r i l i l y re’ :a -n i l in the f low . a l ’ in g

t I n -  f I ’ m i t n  to ,u mn m l  it s  t_ i u t -  l n i u _ i u  a j . I i t _ ’  - _ r I , ! u _ I . n ’ . ,‘t i ’ i n r I h , . ’ n t S’;ov a ’ l ’ ,n ol  t L .  :‘

}a.a’;kw .mll vn ,r t in:a 5 , L i , .  1’,;, ’ -  /~ ‘ :,j.hi t n n n r  j i l ~~i t ’ :  ‘5 4 - i l l ,  ~~, a ,  ins ,t ,ail ’ ’d i t .  the

twide l and m d l ;  t , ; n m r m , i I ‘ic’ 1 c i ] ’  1 I-bow via - i. ’ i i i, . t~ u s u ,  t e n , t n , W ’ ’ i t i :  ;‘ i ,n n l a - 0/ i_ ta l c ,  I A r n ’n

die :-t uiC’ i nim:J w : 4 ’/  u _ I  i m - i s ,1 d u l  f ’ ~~ i - u n ’ cu - i ’ i _ n i , : ,  t i m  t o ’-  f l n , w  I , ’ I d .  No boc,k--

w u _ l i  a t t .an:1,a ’ n i  v n ;r i  u n : i : s  ‘, : t - r m ’  n 1 i : , — ’~i / e - !em _i ‘ii th I m i  i ~ ;c- .4° 1 ,1 ] it t i ’r  j i l ’al _ i.- . I t

t h e ’ m m  was c o r m n ’ l , .. ’ t n  ‘ l  tj n - , I  1 _~,m ty; ‘ ‘  h ’ 
~~~

I t I e r p1 _i l  (i w i , t u l i  ~~r n a dn y :e . 1  a f l_ o w  i_ ru

viii m c I ,  no ;t ’ ’r  :- , m : ; I  ‘ - m l dj  ‘ ; i ~ ’: r i , ,!, I i  ( - ‘ 1 ’  I i  ( ‘u_ ‘ i ’  - r - n  t ., - - i , a m ’  n v  m t  cm I i_ nr r r , , q.m ’im - r i m , ’  h’ at

n , ’i er , a l  1 ji . - rf ’ u arnn mmru ’ :i - i i i  : n i i : j . l n ~ :,-~ u u u mj ‘ : c , ’ t  t e r m - j i m - i l  v e n t  i n ’

F’. 41’ , ‘ i u  f i_ - i l  ‘
~ r e l , I” ., , . I — s . I i  ‘ - i  ~‘i ; I i n n :  - - ‘ ‘_ t f  I , , m , I t  1~ t ’  V i -  i i ’-  ,u:’ 1’ iI,sd I h r ’n e

‘I i  I i n ’  r ‘:n , t  L ’ / ; m i : n : ’ f :,simj . sun ,, ,  f u c ., . t e n , :  wi n : i ,  S u p j i r ” - ’~ sm~d lormn ii t io n , of n _ n u c  t io.i

b a l l  ‘pa r t . t  C a - : ; , t e d -  e n - ’ 1 1. 1 . - n i l  l ’ ~ ’ hn n iml’ 1 ti ~mr ni ;n: c ’ i r ~~ m u t 3 t a o n  in  t i ’  l i S t  100—

Un;’- flow , arid m ; r o n , u m  a’ i t  .m ii :~
.’~f1’

,’m, ;,r ’ -n i o m a r n ’  I 1m; ’t U , ~ t , i m , rn ’;. i l ’ i ’,t ’v n - :
_
, s t m n n ’ ’

‘if I , k ; : : , e; mcdi f cat  ion , : ;  I _ r n -~~’ a I }m m - c r  i n t  
~i~ -’ I o r ig  i_ rn of l int - Vet  It x ar,d j r n ’ ’ ; .t i i r i -; —

f l i at ,’ I i ,i- m t i o n u  ~~rn i h , I a : n u m :  I l , ’ s’ r c , tu n ~ I i i, r~~t It u mn t u u t i n t  ; t ’ / n  I t h e ’  p t t n n j ._ ’l~,~~,i: ,c t .

f low a n  the sump , wh a n :ku r e_ n u l l : ;  f e c , r m n  I I , . -  l m r g m :  n : n , ,rrr 4 c m n i s m , t _  of Iai - ~r u _ b veln m t j t ’ j  I tm

l i n e ’  I ( t r i - k h i ’/ j m i s t  u i u t ~ m r ‘a ’ ’ l i i i ’ -  - m a nun ; n ‘:au fl 1~-: . In , di sc  u :; ::ed u r, : : ‘,m r n i - I  - ,  I

in  (im ,mj i t .er I, L i i i -  c i u _ r u t . l u _ ’_nua ’it i :, ; mi n ’ I ,  I t t _ m I :  ‘,,‘ } n ’ - n i  h I  g r . a v m  t~y hc ’/ S ir a :  c : l u .m : : c ’ c i

u_ r id  the j i uamp : ;  ,an’ ,-  j~~ , 
~~~ m ’ i’,,, t j 5~~~, f_ h i :  fJn _nw .,ip~ i u i _ n a n : } t a r u q I t i i i n  1 , 1 , a r t t , Ibur ci ’uq Ii - ‘m i:

m a  d i i i  r I a - c l  Lit - i - i l l 7 i n t ’ l , u j a n u i u : i f l c j  r i_ - u i ;  re’. t i - n j  m l .’, t i c pump :;uxnps ,

f r ~rtn : ;  .u SI r( _m r , , j  n : ip ’ 1 ’!’- u :dd’,n O t t  I~ I n , :  di_ t wi - -a ’ r t :um rl u side of i a n : i m  p m m  - r m i e n  :a~ viOl .1 a

g i v a u n . : ; t r on my  v ’ - l u i i ’ : m  l_y  n 4 r . m n i j e : r i l  - , u_c~r_ m , ; ; _ n  t i~’ ’  : ;u i t n _ n p o .  Both the ve l oc i ty  qru .a c . t—

u e r m t n ;  a rid I I , , ~ su _ J i t i v i :  i : u i ’ l t i S  u i - a  v’ as ( ‘ 0 m m t . i u m u i m t u : -, i t t  n A r ~~:(:~ -; of ‘/ cn t I i c a t y  t o

the ~uiti~- — u _ l i p r o u c i u  I l o w : ,  i i ,  I~~, ( : ;n i i l t p : ;

The i f  fce :t vt~ i , a - : ; : ;  of r tm edi f j u ’ r ~ t r a sh  racks , w i th 12— ia-i . deep ,

1—i t t . th icx liars u ‘in a~~~ in, . r t ’ - m , I  n - r n , ,  i n  , - x L u  a ct  i.ng much of the transverse mom—

erm tum from I . h m i ’  flow eh u t~’ n lug ‘ . m ” l i  u - m i m I -  n ;umj i was detnonstrated in the earlier

iw dol t e n t s  r i -p o r t e d  lay f l u t k u I_ t, ‘ ‘ h  Ketutu ’’dy ( 1. ’fl( ,) - Addi t iona l  trash—rack

test s were unde rt ak en i n tb ’: I n , ’/ ia ,t  !i 4 , i t  i n m ~ r ’ : j c . r l ’ ’ d ha~ Tt :  l i i , I n order to de-

termine an opt imum d a j n I , l t  f o r  I li i . : irtod i f l e d  trash r , a u : } m s .  In  most of th e t a i st s

‘po rte d u t i i ~~V a:  , I ci ( le ’t a fltt l u l ’  t t ie a I i t ’  I of hackwa 1 1 spacing , si dewal l  cony—

c ’r g ent ; e  , and n _ n J m 1 i t i a ’  r j i t  , a t  ‘ n a  ‘ m m  I i , ,  fcr rtmr m I n ‘ an  anid J X:  r’; m : , I ‘n mce ‘ mf  suet  ion—bell



1 1

vortices , the star ,dard t r , i : . l ,  r u _ - I :, , w i l l ,  I - ‘,— i :  1’ ‘ -p k , . a n ’  - wn .ra, used . The

earlier mcdiii L~~ ts b-j Naka l jn a n i t  Ym - : , : m ’ ’ ’ i 1’ ( i ’ a ’I ’ , j  da ’trK ini - , r I - m i  el t t , , u  I I_ b , , .- .I_,,m i—

dard trash racks pr n ~u l m .um :e m I  J ’ i A ’ i u j ’ ’- ..~~ 1 - r ’ i . n - . n ,  ‘ ,w i t ;  t iu ’ _ a m _ n a n , : ,  w i t _ n a t ,  b i d  ant ui-u—

acceptably neigh ci e qr i ’ e  ‘if u_ i ’  r u !  ,, ‘ , m , n i u , ,  151 ,r: j ’an , A:; r.:- _u t ,  I, ’: n t ’,’’:, i n ;  I ‘ jU t ’ ;’j

3 — 2  and 3—8 , t im e : -;’ t r c . : I,  r c ’ :l . u_ t n - m r  j :t t l a -  i ’ f  f a - , ’ r  00 I t m m _’ ‘ u - m c i  i _ y  d i : , t r  i b , u l _ _ n . o n m~ ;

in the p ump ii ’ i r ln j ’n ; .  F i g - a r m - . -  l~~i 1  , ;— ;~~~, u_ r , ’.l — l  I a r m -  ,w I I : -  ‘.‘‘ .-r t i c ab  m_i i :-:I _ r  m ; i n a—

t ions  of sump V’: l(, ’:i t 7 t f l c ’r m au t u : d  in P u m a ’ , F~~5’ (‘,,‘ i ’ c n , l , t — a r , . de’ep t r u _ i-_n i t  r i s k )

E 15” (wi th  a 9 — i t , .  c i O n :j  c_ r ~m r .t i m  r-teJ ’.) , , i i , j  El~~’’ ( w i t h  ‘ — I a .  lee;, I r , , : , l ,  r - i t k )

respec t ive ly .  Lc~~h 1 In s t  ,~, , n ,  ‘ . n- ,r ~duc h n : ’J ‘n -/ t  Iii - i  ‘n-/ni 1,1:1 — - t a t ;  I ~~n i _ n  e lev,.t t 1 _ n u m  of 110

f t  and a h ump ‘i ; scharga :  (A ~,(j 
c f ’ ; . I t ,  ‘i l l  ‘ : 5 ’ - ’ -  ‘ ) t  t_ h i ( O’ n t r d 5 l , n. c a n ; i t : ,  n , l , m

v e r t i ca l  bars wera ;  , ‘ ,,ms_ne l  on (,— c r , . aen ,Li ., r a . A n-, ’m in: ; , , y  ison of L ia i ’’;e f i ‘j ar -a

t l i d i 5,’i tn ; Iu t t . ,at -i ‘~— i n .  c i t - i c t . r ’j :s i — r c -:k i s  mrm e : , t , a_m f  t i - ~~tj ’j e  i _ m m  r educin g n h.-

l a t e ra l  n o r m u n i i f ’ ,i, rm i r ‘,‘ of  i O n .  ‘u n : l n ; n : m  17 t t ’ , lr  1 1 , _ n I n e, ( :-; ‘ n: c-i n j ure 1—2 fo r

compar anon i )  . ‘Flu ’ . d’~ ,‘i n 0 ’ 5 1 ’  J .1 ! ,  1_ j I m .  I f’~y Por t  m-: i ij ” ‘. :~~~ -d that  ‘ . l m ~ vn ,,~~~—

t i_me ter  freque nic’,- m;a , 
~~ a ’ 1 i ~ . u i  l y ‘m i’i ‘~5 , ” n c i , c  s l r a : t i m  r —uL ’k  was in,;’ - i i  l ’ : n t  in

f u l ly m o difI e d  a n arlmj - . 1 ’ ; r n i -  v’ - los i 1/  ‘ 1 :  51 f i f a n i t  ‘ m m ; ,  ‘ I’,wri :;t .u ( ‘u_ Iru f rom t i-me ’ m 2 — c r ; .

dea:j~ u_ t u G 9 — a , n  - d m ’ n T h  1. 1 _ n t l ,  r e  i - ,~l ::cm wi b ’  :. n n -  t n  at, O’I  I ‘a” ;m W a ’ ’  ‘r — - ar  j a ’ ’  - ‘‘ I a - ’.,--

ation oaf 1( J 1 .  5 f r  ( ; ‘. ui n , a  1.11, n i n e b  L1~ , ‘ ) ; t he -  r ’  - I n _ n i I.:; ar ’~ : , i a ’ m w u ,  i l l  f i gu r e s

3—14 and i — i ’ , r i ’ : ; r ~’ - n : t i ’ i m : i y .  i t ,  I , i ; ’ ’ O ’ n  f i c ~; ;rn-a , i — i , , .  - j ’ ’ n ~~~ , t~~._ n , tIi ru _ cI-’, is

seen LI, y t i : l a l  v i - I e .’ I f y ‘ l i a r  n i l - a l  m n- i l - n .  w i l l ,  - ‘a t u J , 4 ~~- ( ’ r  ‘h-er’:’ of O a t - r i ]  n n ’ i r f o r r m t y .

N0I , m -  t ha t  I _ i n n ;  v u - i - I _ i ou_ I d i s t r i b , u a t a o r n ; of v an l m , uti ’ y tRo t:  i ’ d  I . , u j i j  i i i  . .  I _ r i - h  r . m n : k

with deeper l i i i :; u_ I’’: IIK,)(e’ r , e n i m i : m j f c m r m  ( t t m , , - f , r n n a r i - ’-; 3~ Ii ti m tOIi ’_ n Iu ) i ~ ) ‘ p a -

i a l ly itt r :n _ n i m m f i ._ u r  I :, u , n ,  to  I i , ’ -  or’m t n u s  rru’ ’~,smir ’-ni ‘I ~ n, I n ’  a, :, 1’,’’,m 1 1 ’ -  1.  ‘ , ‘- u m , .  n J  c_ p

t r r m : , k m  rack , : , k i ’,wn; in t m ‘l It ’s 1— 2  anad 3 —ia . ‘~‘ u , ’ - - t : r ’ nn. -j - -r ’ia’rt , ‘n~ 1 n i o n a i m i  r —

formi ty ci’ iwr .:; I_ n r n , a n r m  f n  - or, the cia_ n i _ n i n a : r I r u i : , I m —  r a n k, 1,.~ r , is l~’ - 1 m a a u m  0 tot  r ’’ ,u l t_

from p n e : u a ’ r ’ J ~a t A o n u oil t i , , ;  ‘ie r ’ i n  al  ‘ ; y u a n l i u ’ u , t ,  ‘m v i - ! ’ . ’  u t y  
~~~~~~ 

, ‘ - n i _  i ; ;  l i i i ’  m ij ,~ r ~ m ’ b ,

floiw A n  f l i t :  ft t r r ’t~.ay. If t n - i  t , r u _ : , t m  m n ’  I-n , n , r  u _ nnl ~ - a  ‘- a L u m 1 1 - , ~. c i i , . ’ , i s  j mr ’ ’ ’ ;e ’n mt

separation occurs ,,
~ Lti ’ 2 I low j~usn- ;a’n_n ~n n ,u t , , i i i_n c - f , 

~~
- ‘ -

~~ 
i , L C , (’ , a u n t  t~ r t _ n ( i u c~~ n ;

itmt a m nms a; eddying , a b i g h t  J~~v i - I  of  I ‘m rl, ’ m I , u - , . , j m i l  vi i n  i ’’al exu .:h.u m i ’ji of

nor izonale.il n~~mentuIn, arid n ‘o h i o ’ : -  u l a n u i  I _ b y - m  ,‘ - n i l  1 ’~ u a u  1 1 ‘ ‘ i n n ,  vi - r t  meal  n- l i  :,tr ibuti on

of v e b n i s i t y . If .m d i ; e ’j . i ’ r  t n - i -i ,  ra i l-n is i t a : ; t - , l i a : d , w i t h - i t  ,, a ’ t : t  a n ;  a t m  ‘‘f fec ’ ’_ r . v a ,

turning—vane array,  f , l i a t  l ;r ( , i l la ’:  1 1 e l m ‘if  larqm ‘ t e a l  e ‘ ‘d m 1 I n ,’:, . a m i d  t ime uiue’mm [.u_rmy inmg

ir mt erm se v e r t m u : a l  m lx i n u c j  I Ii s n i ; ; m  a - ’ .:, ’ m l .  L i m i t  ‘ , : n m ’  l . i a a -  -~ tiq 0,a ’,’ i ; , i n  I _ I , ’ I n .m n i - bay ,

the approach flow has a I_ n: h. i ’j l. ’ ;; t velo,,,a ty a t  ‘or t ’ ’ , m r  f i t ’ ’  f r e e  our  I are and

a monotonic negative v’ Isis ity ‘ ;r a u l ;  ‘ ‘ m i t  toward t i e  0’ “1 • J I ‘m e l a rge  scale

mixing produces v e r t i c _ , i I  tr.an , : , i n i,ri n il lm n - i r m z ’ ,b i t a l m o m a m , t l l m , t I i i ~’ v eloc i ty



I . a m l i i  ‘ h i t  n ‘ . , : n I n ’  a ‘X ~ - u - ‘ I  m - ‘ A i t J ’ e ! ; ; i : -  I , nm 1 I l a m m i  I ,i l. ’ n t  n i,, I i n i  - m - - I i i ’ - 1 1 ’

. ‘ i , I u - r  : ,  t i m ’  ~ii i f l t~ l n - , y S .

i- ’ u r l  t m - - b  L h , i : , l — h . x ’ ’~ . ‘ ‘ n , m ’ m l n , m I  I : , n , I i  t a - : -; ’ -  i _ I ’ : f  ‘ - - n i , ’  I ’ m ,  1 , 1  w i t h  a ~mu mr t~
,

‘ii :,’ j i m a g a  n i t  l i n t  i - f ’ ;  ( I ’ m ’ s .  ‘ ‘I  m m l  n - m i  ~~~~~~~~~~~ ,‘j u .; ‘n m - u I _ m t ‘ - : , t m i f - n n : ’ -  e ’ J ’ - v , m t  , n , a ,

01 l i n t  I t , ‘ l i i i ’  r u: ’_ ,iu l t: , - i i i  H s. n , I ; - ~~ n n n ’ s  I — I l - O ’ n m I n  L I / I  . a n ’~ -: — i  / ( i s a ; ,

ELI ’ )  w i u e r a n i m i  i i , -  ‘t a l l  jot m c i  i , t i n i - i u i n  ‘ ‘  W I I  I n  , ,  ‘ I - m i , . n i t -p  I r ’ .j ’ , i ,  r i n ks n ’ j . m m n m

- i i ’ : h ti- u t i n ; t  i t t  ‘‘ci . I’a i m . a l l ’~, t m ’ n t : , ’.i ’ ’  in  m m m , m n l n  u I - ,  ‘,u.n , i t ,a x —n - Si x l . a ’ ’ i_, t - I e v a L a n n ,  of

lUt i . 1 i t  , , n i m i  , m i - m u t n~ - ‘ i m ; ;  , , - n m ’ j .  n i ’ 1, - i  I t t ’ :- ; ;  l i i ’ ’  n ’ : : -  n i b t . : ;  , m r ’  j i t ’ _ - : ’ ’ n , l m - ’ i  i t t

f a n j u r e s  3 — I l l , ( I o t i t i  I - J - ; i  i n , ;  I - - I n ( 1 1 m m , ,  l i P ’ ) w i , u ’ : i a  I .  m~~i l ’ m ’ t  m~~i ~‘ m I n I ” . n l t n ,  t i , -

‘ n , t , n ’l u i - u , n , n u  tm - it, t,n , u - ‘i— flm. - i n - - p  Ira - i ,  , , m ’ ’l -a’; ‘ i t ’  I n a t ’ l ’ Z , L I ’ ’ .

‘l i m e  t m - n I_ s  n~ m , . l : s ’ i  n ‘I ‘n - t m  I _ t i  I_ l ie _ n n .j 1 L mEu uiU t i - i ’  ~u . 1 1  i, n , J u r n . u , n a  ( t  y~
,, C)

d t ’ n-’ 1 _ u  A ’ ‘ ; j n l  ; l I , a - r  l i l a  n - , ’ m I , n ’  I I . , - 9 — m it . i , : , I 1 i i ; ! ,  t’,_ i’ , j” O i n j n l ’  n d m ‘- f u r l  i ’ , m ’ ’ t i ’ h

I r a ’ m ~ u a a u i -’/ a m t  la , :,:; t l a a a i  1, i tr m~ ( pi  - , I n ~ t ’11 i~ ) I m i t ’ n n t ; ; ’ : l m , u m ‘ j m - n ;  n i l  t h U  c f s  m i , n i

( , L I u  cIa , , i i , d for  l _ t , i ’  w O n - — : ,; ’ i - , m m , ’ m O ,  v - m t  L a m , : ;  c a l  l Ull . ’ , f t . ,, ‘ n.~l I l l )  I t  (n ’  f a t

I n ,  t i m ’  n i t I  a t t ,m t  - ‘ m u ’ , ;  !‘. I ” ,” , 1 - l U ’ , 1:1 ‘1’ , - m i n i  ~‘ i i  . 0 1 .  L )

U .  I t t f t l a , b i o ’ , k : ; .  ‘ l u , ’ ’  in t l  -‘r I I V ’ : m i m ’ a . ,  ‘i f  ;i . m li I t ’  i , l m , i r l ’ t n i i .  nm -

du ci l t a l t i m e - l u _ I  i ’ t , i I  m m n i m a l f l i t  I n i a  m i m a l _ -/ n , l  I_ l u , ’ : , , i m i j ’ 11 m w : ,  W a :,  I i: :, t , i ,mJ I m y  i m , t , 1 n i l  I j h , ’ ~
I ‘sn , S t .,i t ~c J a’n a ‘ ‘ I  row:, ‘ ~ , m , i ; _ _ f  I - - o m u  ‘ - m m i i  , i ; l - ,r;  & - X t  e a i e,II.t x i j  vs t~ ; (am I l y u _ i ,  m u le -  l _ i m ’  -

wa t a ’ r  s u r f , i c - , -  ‘~ji t I a o ’  u l l t i j n t i , n i ~~. _ n I  l n n h m  ‘ i i  I i , , -  n eami n j i  i n i t . ; t i m ’ .- i i l c m i n k : , ‘I / a - i  m _-

- i i  n . m y a ’ ’ l  a: ;  sha w , m I t .  t m n ~~m A L n -  1 . -i) , w u  t i m  I lie I ’ i r w - i x e l  I ’ - ,ce’i’ n I  t im ’ ’ m i i m , ; l . m  a - u _ m n

h u l l  J o  blocks I ’ o - : , u l a  t i  .0 f t  ‘ i n i ’n-,- ; u n , t t i  u_i t t  f ront ( i m t ’  
~~~~ 

n n i t t - I ; .  j ” I s m  a r a n - lu dan d

t i m  f t  ‘j a i r i -  1 — k I )  i t o  t h i ’  vi~ l ’ n ’ _ y  m i t  : ;I  i I L u I  m ’ s m :  h I I e ’ , u : i u t  ‘‘‘ I ib i  Inu n i I . . i H , w i t  e l m  w ., : ;

‘~~t I I .  I _ l u ’  n it n i j m m a . m l  ~~i i l  . m m m ’ i m u I . m i  :u ii iI~ ’ n m m i l ’ l u l m u m  m l  A n , , ,  t i m d  I i , ’  : . ‘ m m m c m i i  ml

I r , j : ; h m  r , i , : I ’,. A c:om I .ar 1nn ~ m m u  of I m u j n a r m - :  t~- ,’ ,uh m m j 1- 20 i i ’  - , m , ’ m m , ; t  r _ u t a  - i i . m l

, ‘ i t  I 1 ’ ’  1,1 mi t -ks ‘Ii (1 1 m I d  iu i  ‘ a m ; ’  - : S i g(  m m  I i n  ‘ ‘ i n t l  i n m j  - I i  i ’J a - t i m ’  - mi t i i i  I l i t ’  l u _ t i  - I - a i l i u m  liii lii i ty

of’ t i m ’  - sumj ) I lt ,~w. in  t i , ’  - I I m , w  v u  : ; m A n i  I I t0 i  I , ‘ i n ,  I a _ n : n l  : -, I , ,  ‘vt - v t - i - , i I W~~S t n t  m a d

ti -mat s m a ll , vOr’I _ I ( _ n a ’ S  i h I l l  t n - i l ,  ‘ I  i n ,  t i n - w ak i ’  mit e m ’  I ,  k , . . I  l i i -  I _ t i ’  ‘ I I  I t ’ i i c j , : . l  I - ,

(2on sen itr ,ite  i h a t . t t  .I.. n u j i - r  ‘ ‘‘ r ~~ n; t , ’ , u I  , w . , t i - r — ’ : , u r t  a n ’ ’ ’ ”  a t  t~~ n ’ l m , ’ t I  i ’ d ’t i i ’~ j h n m n c d t , I I  u - l y

upst ream f rom the ‘ u t - n  t 3 i _ - , u J  wal l w i t l t ; l i  a x l .c ’t i e i : ,  t i 1 nW , m Yi ni f ron t  ( lie J-iump ( ‘( :1 l m h t ( J

( r a ; f e r  t o  f i g u r e  1— 3) . ‘l i i i :, ’’  s ar f t m c c _ ’  a t  t , ; : i . m - n I  ‘-ul n lii ’ t w a i t -  ih ua i l i -  m i : , i n l i l y

, m ! n I , , i i a ’ h a t  by I _ l u , :  e h e p r a _ n ;- ; ’ n c u a m m  wh i r , ’  they m t m I e m ’ ~~m ’ m ’  t , ’ n I l i i i :  water s u r f a i n _ ’ , , a n , m i

o f t en  were su f f i ’ :  i a - m i t  1 y S t r e m h m u l  I n i  draw confa’l . i; j sp r i m i k  l i i i  ‘ t h u  I_ ha _n walter sun .iu e

i n t o  the suction he l l .  Vor t i  ci- . a,xL’oiid l i me  r ‘an I_ I t o sumh i I loa, i  m l , ,  t h u . ,  n- a i m - I  j n  n m

be l l  were observed in l~uu ms E 1-i I ,a and 1Li- a) ’ n j a n : ; i i j  Ic l I m o  i inpr m iv~’d d i ~~t r tL .u t i otu  m l

the pump—approach f low k t a ’ c , m  i i : ; ’ -  u m o  r up  I m t I a r  i ’~~ 
Ic was I nslal led. I-tubas El~~

-



- a, ’  I - I U w ’ nt - - a ,  - I n .- ‘ I , m l  i,. i t i m  I ‘/; ma ,’ ‘ ‘ u - i , ’ ’  n , , ~, j ,f . ‘n - i , ,  I in; - m ’ od  ‘ / f - , ’  -

1 . 1 1 1  I i ~~~ 1 n 1 . m h i  . I t ,  l m ’n ’ I i  ~~~‘ h i m’ ’ ,, -  l n - ’ t ~~ a ,  1,0 l i l y low VOl’ I I tbianOci f i t - ’ ; i a m - n m n ; ; . ’ : _ n

u u u u l  I h n n ’ n r - - I - z u  l i l a ’  ( I i i ’  t ‘ o i l  t I n , ‘n -i ’  d i - ’ tim ’ ..  n ; i t ~ m 1 .  l i - - m n  ‘Ja:i , : : h l m , m b l ,  S W i t i i h m ’ !

‘ - ‘ l i t ’  - ,, u n ’ : , u l  t u b - i  I r ’ , t n .  e’~~m ’ ’ ’ i t  I t I  I ’ , , ,  m I u n  1 ‘ m m  ‘ t , i n , A / , ’ , i ; i ,,’o ‘ i t  I j ; ~ ’ ‘I’m— I_ i c c ’ s  :-; h m ’ ’ n i

I (Ant I l a  - l , , i t  11’’ i i ’  fr n ; , n- i ,  m l ,  ‘, , n ’ i ’ ’ ’.; ium , 1 ‘ a m  m m I 1,’,:,’’ ‘ ,i , : n r ‘/‘~~ d t  A I .  I-< L A n a I i  1, 21)

m i  i-~ i ’ , ~~~~~~ 
I ,  n- i ’ ~ t ,  1 u . 1: m r i - i an - t a_n t h’ - pr , n , ~~ / m , - ,  - , n- A m  I no .~ t l emp I i h u g  I o

n i n u l , i I f l i , n ’ - ‘ l ’ ’ I i ’ - ~~ . i ’ ’ l i V i 1  ‘/ i l l  I , m : , i i tlt ~ , I i n - t n - i n ;  v - u ’ I _e m t m t l m , 1 ” m t _ n n  t i n ’ ’  t l i ’ n g i I ;

‘.1 v ~ t j ,  , . -
‘ 

, a i i i  i n’ I t i n - ,) I ~,, 0 A n I u o f l  l i t - I U; - , u , , l  - n m ’  - I , m o m ,  1 i i i , ’  i j I_ A I I ‘/,ti t i n  m l ,

c ml n .  I I I a - 1~ L a , ’ ~: I r a r ‘ -  I ’ m  I i v ’ -  l y - i n  ~n I I n i A i i~ - H i J f l i J  -a  e l i , , - ’ , i t O  ~N u - - t m  m u  in - a ‘i t’

I u u i I ‘Ia-

I i , ’ -  v ’ ’ m t  ‘ - u i  n ; n i - n n n m t i  ‘/ ~I v i - I ’ m i - i m  y i i t s l r i i n - , i I i ’ ,nu: , :, i; n ,na hi LI ;

1 - ; ; i t -  3 - 2 (1 i n ;  - t t n i v u m ’ l .  I I  i n ;  i m ~ - i  t ‘ “I ’ - -  I I j : , a - - ,  ‘ m l , : , , -  ; ‘ o t ’ h n n - & n i t ‘ l u ’ -  i h i I _ ’ - m , : .’ ’

v - I  I i n - ,, 1 no xi a’; 
~~

n ’  nd A ’ ’ ’ i i 1 ‘/ l i t ’  I i n  h i m  i ’ ’ n n - ’ -  ~~ ;,a ’  I - i  I n i  l~ ’~ I I , ,~ I an  I L a  - I n ;  ‘n- ’:l;;;

wh 1 ‘:1 i ‘ ‘ n an; n - l i - I  i - I y H i; ; : r i - ’ : ’  I i n  ‘ i n - i  I I ; : ,, I r ,~~‘ I ! a : l i l  ~; ‘I :, I r’ - ‘ .un w i : t a n  va - l e n , ; 1 ‘n-n- A r m

t i m ’ ’  I low n m - - a n - i ,  i n , ’; i f ; ’ -  i n - , ;  f I I a -  . l ’ , ’  fr s f n a,, I 1,. ’ l i i i -  - I t i

II . i- ’era’b .e,: - lo w P u _ I t  i - f i a t ,  l’, r i t i i  Ext ‘ 1 . - n i  m r a vj  t y — I t d j _ _ P i a : n s .  l a m

a f n i r ’ l m ’ r it  I t - f r I ; * I n ,  u n ! I ; , r ’ ’I’ l i i i  ‘ - ‘ i ’ ’t . a I  I I ‘ - i - H . - , ’, I low  J~~ i ’ l ‘ - r u ’ ’ , - m  ‘ - a - I I aot, f

t a ’ n ; t  5 w , i m ,  C ’ t l , n l l i ’ ’ l  ‘ ‘ c i  i ,  L i i ’ -  1 :  z4— :;n ’ala’ icmn i t l n - J  w i t h  l i i i ’ ,
~~

r . i ’, ;t j -  i n - m y l i m b ,

‘ ‘ X i  u~~v i a - c I  s i n ; b m  m f a ’  ‘ u n , t  I ‘~m m i j  - - , 1 r ‘ ‘ , m m n m  u u t  u m  I I.e I n i t ’ ‘i ~~m y .  in I n  i t  n i  of f ‘ ‘U t  t i - S i  n .

w a  , i: a t  r it ‘ci o,jt, ~m mc i - n  ‘in , ’ ’  n i .  I’ ‘ u t _ i tay ‘ ‘ 1 n i ,  I I ’  i n n  .i ]  1 1- n u l l i ; - : .  , ‘ ‘ X i ’ -  5 , 1  t h a  - t b .  ‘ ‘i -

n , , - , m r u - ~~t I t ,  I i , ’ -  1 ’ - f t  h a n k ; - l . a r u l  , n i I n ~~’ t , u h I i , c J  , , t  ‘ u m u ’4. ‘ m l  I I , ,  n , , l , - n I  t ’ , , j  - . i c i t ; y

( t o t , m l  d i - ,i ii.,,’ , 1 u- ‘,t  4 , 7U U  u I : ; ) , u _ m i n i  a I ’~ i ‘ - I n - u ’ ,  -, i , t ’ ’ i  — , - ; m m ’ I - .m - . -  I ’ V ~~t m e m m u  of

110 f ’

7’- l e n - n : i f _y d i :; t_ ,  m l  A t  L i i :  f i  r ’ ; t  W a ’ ! , ’  I l i a - , u ’ t , ~~r ’ - n i  . m m ‘ i ‘ ‘ t n ’ ’ : at  m b i g  plAJTi J _

i , . m ’ ~ w i l t ,  no mn ’ , ’ l m f u m ’ , , t i o n ,  I n n  t i ;  - n r , ; v m m  y — h n - u a ’/ l i a r s .  H a l -  I m ,  at in ‘ r ,s .h  r ack :;

w ’ - r n ’  a r m ’ , t , i J l u ’ d , a n i m i  t t m , a t  ~n ’ - . m i ,  ‘ i a ’ J n , n ’ j I  he :, w’ i ’  ,n,m’ .’~ a i i , n  ‘I n I  h i’’ t m i f t ’  ,‘ m  , m t ,

;- u m :; u t~ i c t l m : ,  - m o r n ’ : ; : ,  - m  n ;  n_ I ‘i n -  I ’m ’ - m l  i ’d ‘ .2 I I  i h o W l , ’ , I t a ’ , m bn m I r n n m  I i i , -  ‘ A i m ! I n - i  or h i ’ i n - , i ’ S.

( 1m m , ’  ‘/a - I mw _ - i  I .y w a n ,  irm a ’ :  m m d  ‘ - ‘ I  on ,  i - .e 1, ‘ i a - n  t m n - - u _ I , a t .1 d i n ; 1  a t , ’  - t - 1, ’ - ] ’  ma ~’ I i i , :  wit t_ ’ -

: ; e a r f , t ’ - ’ ’  of 0 .4d , w i m a n r a ’  ci h r .  I u t .  I ’ mn: , a I I’I ow u l t ’ p t I i . T i t _ ’ va -i’ m n ’A 17 mtm a- ’asur ed n-it

1 1 m m  S ‘ ‘ l i e / n - a l _ m o m ,  y m a ’ l t i : t  m l  P a u l a rn aa q la I rm a ’ , m n ; i m r , ’  ‘i t  t i me ’  ~.n - r t  i c a l ly  aver,’a j  - ci

ve l oc it y  toy ‘‘ . m u ’ l m  v on  m u  . F u ’ p u n ’ -  ‘3 — 2 _ I , i m cm w s  I i i , ’  v ’ i . i ’ : I I .y d i  ,t  r ul iu t  ions

ns’, m n ; a i r i d  w I I _ t m  m m c m  gravi I y — bay p i ‘n ‘ ‘x l ’  nu ~; i o n .  U, m aui  a form d i s t,  i bu ti  mini : ;  of

l i i ’ ’  pump—bay f l o w n ;  due l e t  I i , ’ ’  ; i r ’ ’ u ; i , r u u ’ a ’  of t i m ’ ’  g r u a v u t y — f l o w  sec t ions  in I_ h u t ’

o ( ’J ;  I a ’ r  of t h a ’  p 1 u_ na t i r a n  e ’v m c i ’  ‘ n i t  . Fl ow se}ia r a t i o n  I rem e , a n : u  a p umuji—b ay pier

l r ’ i m I i i I : a ’ u I  ,m ‘ a ;  I m ve eddy in  I m e  w u _ k a ’  i - i f  e u _ n i ,  J n l e ’ y  and produced s t r u n g  1 n - m t a ’ r a l



i i

‘,, I ‘ ~‘ ‘ m y ‘;! - , ‘ : j a  m ; ‘ n_n . I n , ’ 1 , - u ’ . , , - it . : ,In - ‘ n i l :  I ’  - - m l  n ‘ i , ’ , c: I n _ n O m -  t ‘ i : , ‘ - a i a - I t n  , - , ‘ : : -

1 i - p n-ni; - n .‘, l l ’ ,w- . .,- ‘ n e - u - n - n - - .  - h r  ‘i l’i n - ‘  - i-

‘ .1 ‘ U,. t - n -n ,  ‘ , n i  I ,~~a ‘ ; n  i t t  ‘, - - u , ,  ‘/ 1 . 1 ’ -  F ‘ , 5 . - n ’ -  ‘ -  / .‘ i - b i d’ n m 
~ 

- - I _ I  ‘ - - . 1 : -

~~~~~ I ’  , i i ,  I ’  i ‘ n . y  ‘ i ’ i ” ~ ‘n-,- ,  I ‘ , ‘ ; I u ’l i , ’ i ‘~ n~ J , , , l n n l ‘ - fret- n i n, , ‘ : r , m V A  1 y—ii.m ’/ f t - n

u a ’ n - : , ’ - , 1 1  - - U
n-n u : ’ o i l i ic i n _ n i  I ’ - ’ . ’: c,, , , I i i ’  t ” o ’  ,°:-- ‘ , f ;  n ’ .’m ; i ,  n-i ; ’  I m , ‘ml l r m - ’-xt ‘-a-v- n -i

~ i I - - i .  i , - . j  f j u , ’,; • ,,j~ t m ! , ;  a - :  I ; , ,’ jmmit, n j , - hay f l o w  n i t ’ , ’ c  m i ’  ‘ e n ,

1 ,- i  H ‘~~~i : , ’-  1 ’  t n - n - I / I ,  ,: l O l tf - : — 2 2 . J~ i ’ ,’ ’  i i i l J ~ , -  O l J ’n - i i ’ 3  ( : n - I n , n i j - , I  j ’n - ; , t -,

: , a ’t iç~ i~ ’j  ‘ t i n ‘ X ’  ‘ ;, ‘ ‘ ‘ ‘I  J O ’ !  - , I I ,  t i , m , - ,’/t - I :, i n,’n , n nm ; i n ,i,~ . i , t  , l  ‘ I _ n  ~~~~~~~~~~~ 10

; - ;:n m tn i~ - m 7 ’~ , - t n n ’ i ’j - ,.- i - - i t ’ ’ !’’:  ‘ ‘I  I ’  i - I  i i ’  10 I b ~~n - I  ‘n- n n m ; ;  i n - I  W i ’ r m ’ n - n ; t  I~~, m -  I - L ’ a’

e x l n - u , :  en - :  U , ’ - ’ -  L i u ’ ; ’ m n -  h ’ 2 l j .  1” ‘ - a r ’  I - - t I  - . -Jj u ntnn - u ‘ uz i ,: , tim e t O t . r m - ,a ,I I I _ n,  ‘ iI~~

i m ) I : , - i ’l w i l l ,  ,m i I -m V I ’ ’ / ’ l i . m -/ J , 1 n _ i  n ’ x i a - ,.:-,jn n - , m ‘o t 1ç , n-~ f t  . ‘n’ ,,, ;~ m i I m - ~~;~-,1 -, I l o w ’ . u_tO

‘ , n ) l I t ’ ’I/~ , t l  I n t o ! ’ -  m j i , i f ’ n n ’ n : m I ( n ~ I ’ ’ ’ , ’ ‘ n i _ C - i , ’ I n 1 ’ ’ ’ i i m u  I a ’ ; ’ m n ’a . - ‘i - /t  / J ’ 4  l~ f~~ i u - F

- ‘ I I ’ ’  f ’ u r t - l n . ay  ~~~~~~~~ n i - n W ’  ‘ / - I , ~~I j i l  - , n
~~; , n ! , , ’ t ‘ 1 m 10mm i i ; ’  ‘~~r , n - ’ 1 ; I~ ’/

m u ) : - , - , ‘m u ,iI ‘;u-I mc a 1 - - ’ ’ ; ’ ’  ‘ - . 1, ,’ ‘ ‘ A l ’  0 0 . 1  l ’ n - u  1 1  ‘ n -  I or a - I  n - . a ’j o a . n ; n n m i ’ n , I i n ,

1 n ’ ,n , I n- n - f  , - . i n i ;  n- , I  l u m ’ ’  I n-i ’ , ‘ : 1 0 - A ; ’; d l  m aui ;  , , .  J- t x _ ’_~il- j , t i , -  5 ,; ’ 1 ‘:1,0’ b n : , i ’ i h t  W m S

I n - i l  1 . — i  n - i n - i - i ’ ’ - ’  k~~, ‘‘1 , ~~I , ‘m o d  I i , a _’ . . ‘ : - n m t m : - i  s an nm nm i , m n 1>’, ’ 0 t n t  I ; c ; n _ n r m ’  3 -— 2 4  -n - i - n ’
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