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i. 7nt'roduction ,+. ;..:. +~j+~: 

• I n  +the e e m l l e r  s o l u t l o m ~ ' l , P ' . . Z o f . % h o  ' c h e ~ e n o t e ~ i . S ~ u n  ,0~ "":L. ' 
t ~ o - d l m e n n l o n a l  f l o w  through s h a ~ e d g e d  openlngB,  t h e . , a ~ : . o f  :,+ " 
~ T a v t t y  .WaS n e g l e c t e d ,  ~ th~  i s ,  ~he o u t f l o w  v e l o c i t y .  / ~  ~ h e  ~ I "  " '  

.et~e~ace o f  t h e  .Jet wna 'assumed o o n s t n n t ,  Ou~ s t u b ,  i s  ? b U e . ~ . : i ~  .~ l ze '  . ' .  

II I I I I - -  - 

the._~_end o f ' t h e  p a p e r ,  ~and. the ~ l g u ~ e s  in  .parenthese s  ~ef~ZX'...~O'.~'~"~i~,~:-- ~..,/: 
n ~ u e ~ s  o£ the:+equat lon8.  " . ~  . ,  ".,:,:'~.° • 

. . . . .  ' ' " • "= . , := i '  : " ' ~ :  '~ 5 . ~  
case  s h o ~  i n  ~2~n~x-e I ,  a n d  ~ e  v a x ~ e ~ l o n  . o f  ..the v e l o o 4 . % ~ i ~ o z ~ b ~ l x  ~ ,.. 
d~op-do~n o~z've ' ,CDI~B ' enalyzed In +'an , a p p r o x i m a t e  .way,  Fo~ . ~ o ~ . ~ n ' - ~  ; 
siozll p ~ t e n t i ~  f.To~ w~th ~the a id  ~Of ~a ~hodo~eaph m~ho~, ~ s  +,~I~ ~'~'.~,~.~' " " ~ '  " " 

• I S ~  , i + .  2 . . ,  . ~ ' - ,  ++'~ ~ + .  

~dtez~zine ~he_~%+0ern of 'the st~e~uq ~he .pressume.++.dlsl;z~bza~ ,,. ........ . +-i~ 
a...~_...°~' ~he ~p~te -BC.,at ,the'the pz~estt~Pe on .the ~bot%cm ,an well ,.~s ~hQ...~.+. o ~ i "  ~ ' ' : + : " , 
~e~r, uu~un cross section ~ r .  , . ..:. 

• + ~r''+,+'C'i~,. '''.'':" ". 

~Y ~ -'Lz cos ~ .end,~..- ~: , have ' ' ' -  ':" ".~"~'/~~"~":'":'" ,~."":-: +' 

I.~ _ +.,~.~ . :+,*',s . . . . .  ++ .,, ' .  '~ v ~ ~ . ~ + l  " • " + J : , +  

;d~ eL.+ " "" .'<i+"/+ +' : +': " -;++:+ 
' . " " ' r ~  + x I I ; :  " 

• .Wlth ,~ ~ eonst., '~d ,lp . iO . The equation .of the stneez~nee :olazz :.~]il~. + ? ,."-."iii~:.,: 
be wz'[tten .z~te'~ they ei'e-z'esolv~¢~ into components. ,  ~thus, :: .~. '-::; ~2 ~ ~1 ~. l " " : :+ 4:' ~:+" 
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'The quantities, • = ~ncJL • ~ ~ .,' 

• , : i :  .'~" : ~ - } ' , ' , ?  
• • . , ~ . r " ; , ~ , ~ ' .  , ,  ~ , ! , ~  

~uy be i n t e r p r e t e d  au t h e  eomponengs o f  t h e  r e o l p ~ c a l  v e l o c i t ,  y,"!~":i':.:::~: . . .:~:! 

The .~aph  o f  t h e . . r e c i p ~ a ~ . . v e l o ~ t y  o f  a s t ~ i n e ,  ~ t h . . ~ h i a h ,  w e '  ' . -  a~ '.~..'-.i 
are  concerned ,  i s  :given b ~ : ~ l o t t ~  ~vucto~ta~ ly  fz~m . a : . . f ~ d  : lx~e."~ .? /  ~ - . ,  
the v e l o c i t y  whose ~ I ~ U A e  t.s |~ . |  . Fr~n (1)  't~ f o ~ o w  1 2 ~ ;  :!~ .' .;-.:: ::" ' " '~ 
the graph of  t h e  r e e i p ~ o e ~  v e l o c i t i e s  of ~ s t r e ~ L ~ s  - ~ "  ~m ': .i,,: ,.,.. ,,,.. ." ;~ 

• . . . . . . . .  :~' ~ ' , .  

.shallof ~heheree~ter-i~ow eh ~ t ~l~k.~ ~ ' 0 ~ 1 1  ~;he - " ~ - - ~ p h "  -- ~e~resents e oom~:o~u~ :m"p~!i:/-..: ~,,~' ' " : :  " ' ~  

in ~he 
. .', 

I n  the case of a s lu ice  e =te, %he rozm th  
based on the "fo~.~ow~ assumptions: ~ ' 

, . ........ ..~-~'~' 

• I. The ~ree :surface AB in fi@qzre I is ~orl~Ito~ .m-.~:i. , ,  :i..:.::".; . ./::.~::. : 
that the streamline :~ - Q must '.~lee ~z~due~lv at~=~ e.~, ,-,(~,.,,,i'~. ;. :. '.-'":~:~:~ ;':"~.~ 

• n~o .co~8xae~iozl. - . . . .  , , :'. ,..- , 'JJT.~.~:-~ 

I I .  The llne oo~respond~L~ to ~ ~'op-~own O ~ e  CD i S ~ - .  ":/": "..~.~ .~ 
• ~ ~ ;~.. , ~ . .  . , : - .  p l a c e d  b~ a quar ter  e l l i p s e  . ( . ~ L ~ e  3a)  i n - t h e  g r ~  o f  ~he ~ t ~ , ~ ;  : ' " ~:"i"" 

r o e a l , v e l o o t t y .  The e q u a t i o n  .~or .the v e l o c i t y  - " ~ ,'.:., '~ ~ "~i 

i s  on~yveCLid ~t  two po in ts ,  0 e~d D, on the  ~ p ~ t o ~ n  oUZ~. e,.. Z~ ..:,.. ~ ~'-:.:~."~: 
wl. ll be .shown that .with this asnu~ption., the veu~iati'ons be~n~,~h~"" ",.. '~.~r'~" 
-volocitle~ 

{.1~ I I "Vt l  ': ....i.~::. ,. ....... .-.:~:...':'" .;........ ~,":~_~. 

eo=pu~ed ~-om the ,velocity ,,~. p~ ema 'from em",~lon. [4'), e,~e;:u~~.-':;;i.g: " ',::::~ 

~r.t at .other points of the s"~rTaoe of the jet for ~all ratios Of':t~e ''~ " i::};i.; 

4 J 



, , , )  , , :  . . . r ,  

" " -  " .  , ;  

L 

p 
' o " 

~a~e opening., a, to the head, 'h, 

Figure :2 shows the ou~llne of the. veloelty .graph and thOi~ 
corresponding ,graph ~of I,,' is rnpresented in .figure (Be) by the mross. 
hatched area which e~tends to inTinity.. A horlzon~al velocity,, us, 
is produced ~at an infinitely remove~ cross section A (:figure. i). 
Point A re~resents the source of all strmamlines. At t h e  lower 
boundary of the streamlines, ~ ~ O, the velocity has a horizontal 
direction and increases from ql.4o to 

so t h a t  ~ h e - c o r r e s p o n d i n g  poi.nt i n  t h e  hodog~raph and "in t h e  graph o f  
- ~  lies in the stretch from A.to D. Point D coincides with the 
s i n k  o f  a l l  s t r e a m l i n e s .  The p a t h  AHCD .corresponds  t o  ~he u~per  
boundary of the stre~alines., ~ -;~ o At point B, the velocity is 
,equal  t o  z e r o  and a t p o i n t  C i~; , i s  .~ iven by 

t , L ¢  - - - -  161) 

u I ~epends on. the coefficient of contraction, .~, which w~l~ t~ 
discussed later. 
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2 .  ~ne  D i s t r l b u t t o n , o ~ "  P, o t e n t ~ _ , ,  over  the  ~ r a p h . o f  .the 
i .H~eiprocel  "r¢..elocl~y. - 

I~ •mUSt •be ment ioned  t h a t  t h e  . a c t u a l  ,problem c o n s i s ~ , s  :i.,n. 
d e t e r m i n i n g  . ~  +:~;~/' a s  a func t ' l on  of  ~he corrplex v a r i a b l e  

: |  ° 
ml n 

which . i s  f u n d a m e n t a l l y  poesible on .~he ~besis of a s s u m p t i o n  ~ Z .  .It  
is known ~hat the outer ~egion of the .ellipse shown in_ ,~a in ~he 
' ~  , p l a n e  can be . .~ransfer~ed c o n f o r m a l l y  ~o ~he carter . r ~ o n  o f  a 
.un i t  . c i r c l e  In ~ h e  ,v .plPme i(~.i.~n~e 3b)  u s i n g  , the- .rmle~ion,  ! '  .. 

V 

i n  which !. 

v = b " ( e  

i s  a.  complex , v ~ a b Z ~ : v , l t h  K and ~ .,, . cons tants , .  . . . .  
_soe~le o f  .the @z~aph),. , : ~ t e r  s e p a r a t i n g  i n t o  r e e l  and ,inmg ,. 
parts..,we-~ha.~.e ' ~ """ 

. i  , d 

e -  

:(K d e g , e r ~ o 8  .~'P~e 
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. . - , .  
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i ~  " ; ' "  ~ ' "  " 7 " ' ~ ' + ' : : ' ~ : ' r : + : ~  " " ~ " ~ ' . ' ~  

• " ' ~ ' J  " . "  ' ~ ' : ~ T - ,  "~. " 

: ' " . : ' . T  , ' : ~ : :  "~ 

• : _ ' . .  • ~. Y'.".~; 5 

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

I 
L 

" ~  " A  ' + 

' ; '~'"'; "" ' 'i: i: ' • 

(i .... -'+ ..... 
• ~ 'X• ~I,+.I ;/' - .:!:'.+;~d"++::. '• ' .... • , . ~ ,  . : . . • .':'~.++.++" : .~ 

• . " "  . ~  , -  . • : . : ~ +  . ~ '  < : , : .  

~ t h e  + f o ~ g o i ~ ,  ~ o ~  %he f o u r t h  q u a i n t  , o f  b o t h  :plumes  :~ls?.con-. : ,:>.::~ ? . : , - : f f ; ? ~  

sidered. , 

- I f ' i n  ~-place o~ v ..we s u b s t i t u t e  " , . ,  ... . . . . . . .  .... : ,,,,,~:~.,.~- 

t h e  . q ~ e r  : e l . r o l e  - I v l  = ; 1  :~is . ~ r a ~ s f  o ~ m e d ,  i n t o  •~a ,' s ~ i O ' i ~ l e '  :-......~e....~ . . . .  "",','~ : +  ,.,,::.., ,,.:~~'~+.~+...-, . . . .  .. .. •:-:. :~.+,........~-~ 
• o u t e r  : . , . r e~ ion .  : o f  % h e  s e m i c i r c l e  ! i n  ! . t h e  ? l o ~ e r  ; ~ . , , o f .  ~ ~v . . ~ p ~ , , e  .~ . . '  ,~++.-.+:~: . . . . . . . . . . . . . . .  , . . .  ~. : , , :  
: ( fi&~rq. "3e )" is 'further :depleted .:eonf~rm~y .:.by -thb :'~u~IOn' :+- ",..' ""~-- . - -.~ .". ~- ' .:'~ • "., : " . . . .  : . " +..:.+ .':+~'~]~":~++ 

e l  

+ . . . . .  . ,  . . t ~ T ~ l ~ 3  ~. . :  ' : , .  
i |  . " "  " / . ,  - 

. .d,. "" " 

..on ,%he e n t i z ~  . - l o w e r ! h a l f ~ p l a n e  i(~fi~ure 4)~,-' --'.~,, ' ..... ' .... ' ..... • , ,  , v~+ ' ; - ' - , . , . . + , ' ~ . . , :  ~ . . . '  , , ' ,~"  -+%.~+~ 

" " " "' '~: ":'" " ~ "'~-:i..g' ',2., 
• + "-~ ~, .,7 '- ~.,'/' "'~ L ,- .c., +..v+~.. 

.:•~he :s~tch ::f~.-~ ~~, ,~.:ion ~he 

~r~.le n .... . . ,  . . . . . . .  ,. .. + ,  , , . ,  . ; , , .~ 

I ;  

e , - :  ; :=a<,":, -.o.. 
, . . , . .  ' . : . :~. - - , : , "  . - , + - : ! : i  

All : a~reem~lnes . f o r e  a ~f~.l~ .:of :olroles ~Ioh : : l ~ s s i ~ . . h . ~ u ~ i l ~ ,  l ~ ! : , ~ n . ' l l m , .  L:, ,:,-': 

• ~ + - .  ~ . -  ~ .  - _  . . . . .  + . + .  ..+. . . . . .  ~ + . , ~ "  + . , o ,  ~ + ,  z , ~  , + o .  ,I~. "O'".La' ' , D ~ .  , .  :~ + + 0 . . . .  . . . . . . . .  ,V, . , , .~ .  '+~ ,i~+. I x ~ 4,  

" , T h e i r  : . e O I t X ' o ~ l . + m a .  l ~ n ~  ' , I n  : p ~ e l  i,~re~a~;tnes + + ; - : 0  :~'I,~ , ; : ~  :,Oa+,: :: :.+:::. ' , ' Y-,.:+ 

, ' . ~ ' ~  : ~ I  . "  . , - ' '+. ~ . ,+ ' "~ ' ~."++~' ~ . ' ~ + . '  ",.. " . . '  " - ' . f l" " . " - " " ~ . ' , . P - + + 2 .  : - . ,  . ,  ~,~,l~; , . , 1 ,  +/: ,  . ~ ' ~ , . . , : . ~ l l l ' , . : :  . . . .  ;~'1,. . . . . . . . . . . .  .- + ,- , .  , , + -  
' . .  - '. ' ,. +:~11,~. "~,,~1~ '+ t i~  ,1~1~ ~ 1 1 ~ .  ~ - . - % J I l $ ' . ' .  * . .  " T.. ' _ - . ,  ~ ; ,  g + ' ,  - , . .  _ .  ,~. . . . . .  i 

• . ~  "~., • • , , ' ~ .  + . '  ~ , ' t ~ -  : , T+ t l  ; . ' : ~ . . T - .  : ' ~ 1 1  , ~ # '+ - .  ' ,-," " . . q ~ l ~ / , M t ' . , ~ + . . .  ,7'.~' : " ,  <'" , : , ; - ~ '  +Z '  ~, 
• ' - : ' .  ' . '  " " . ~ + ...< ' ~  '~, • . ~ .  . . . .  . ~ - : ' : ' : ' , , . - ' ;~ j~ ' : '+  : ~ . .  ,": ,W~: .: ~-'. " : , "  +-,  ; .  , "  . . . .  , '  • : ' .~.~ "~ . . . .  . "  + 

, " . - " .  ' .  ++:.+...,+0, ' . . . . ' : *  ' . ' :  • . . . +  ~ . . + ; , " + . ,  +" .'~ . .  ' ,  ,. " - . ' . . F ' : : . '  - . ' . ' . F : .  + " + : + ~ + . ' . ~  ' , c : .  ' :  : .+~ . - ' : '  ' . -~ '~ ' .+"+ ' : . ;+ ' .G~++  ' .  :+ 

" ~  •.,..+ . ~ ' ~ + - ' .  . . ,  . ; - : ~ . , ~ ¶  . ; , T~ : ' . ~ . ; ~ ; 5  ~. : ~ , z , = : ~ + ,  .. : 'L '  
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In.this ease, 

, ) )  

_ ~ i"  '~" ] ~ , "  .': " ' , " . ~ ' ,  • 

• " ' "  ~ ' " , t  " ' ? ( :  r.,...~ ' . .  

a .  ~ 1 ~ .  E q U l ~ , t i O n L O f  ' t h e  - D r o ~ . D o r m  O ~  , ,GD.  -. ;. ' " . - , ' ' "  ...... .', 
1 

] I I  . . v a r i a b l e e  " in  ' t h e  i n t ~ S  -i(~3) ~nd ; t ~ )  : . ~ : l l . i b e . ~ , . ~ ,  .i,:.' , ,.-,j';~,~ 
- r e s e n t e d  a s  : ~ u n o t i o n s  :of, , the  ,::angle..~ .. ~Then a e ~ o ~ d i u g : t o . e q ~ t e ~ o n s  - " -  "~":~ 

( l l a )  e ~ d  ( ~ ) . ' ,we : ~ v o  ': f o r  ' . . t h e .  p o i n t  s .' o n  . ' , i ihe u n i I ,  t o i ~ o l e ,  :~{ f £ g u % ' o  31 t i )  ." ' !~;'-,,,- s ;~ ~ ' ' ~ ~ ' L  " ~ ~'' 

p ~ 

, ) l ' i  
. , ' . 0 "  ; ~,, , " ,. , . , .  , . " ~ ~  " : , - . :  ~. .... 

, - -  . . . . .  . " -  . . . . . .  . . . _ , : 4  ~ ,  . . . .  -.~ ,- ,  , ,  ' , ,  . . . .  , ,  

..,, .. .. _ . ,. . ... . . . .  ~ ,. , . , . . .  ,, 

. . v  - ~l  - - . . . .  * ~ "  " • ' " ~  " "  ' ; "  
- 9 " , ; .  ' . "  " 

have  " ' 

• " ' ~  : " ~  " O )  : " 

l 

- I n t o  ~ t h i s .  e q u a t i o n  , . . e  L n t r o d u o e  ~ ( s e e  ~, e , q u f i ~ o n  ," -~)~) " "' 

~ Q  ' .'- . . . . .  - .  *,,~..'.;i~ 

: =  " ~ ' < " ~  " ~  " - "  * " ~ ' - ~  " ~ : > " ; i i i " : ; " i ~  ...... ..... "'**" . . . .  , ) .  : : :  . ' .  

• h ~ t e ~  some shoz~  : ~ n t e z ~ e d l a ~ e  ~ : ~ e ~ c u l e t t o n s  ~.~e t ~ v e  ' ..,:, 

: : . C O $ ~ )  " . • 

• ? .  

[ I F  - ~  - ' ' " ~  ' "  
, .  : . "  

' -  ' l  . ~ -  : ~ ¢ : o ~ &  :",":~-;,:. ,:~;~>-.~:..:-:: 

- ~ ,  : - r , ~ j P  " ~  "" - ? . ' . ~ "  ~ '~ '~  " , - ] 1  ~ 1 , ~ ' ~  ' ~  ,~">- : ' :~  ~ 
::'/i'J :, 

: . ;  , ' . . . .  . . . . .  " .  , . , .  -.~ . -  - { . ; . : '  . ; . .  , . . ,  ;,..,'~_. 
( '  

, 
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I +  • 
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< C  
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W" + • 

~. :+. :-:.-..+.:.;:. :, .~ .:!.+~. . . 

+ i ~  ++;:,'l:,'+"':.+<':'-:": + ~,+*+, +'- . . . . . . . .  + ' , ~ : . -  . : "  

.+\ 

we ob~oin final~y 

+a :t;-<;++ + ~lo~(-<o<~:<,,~ (~> 

Considering equations .. (+?)., ( I t S ) ,  and ( ( : i + ) ,  +equation "(5)  )yields' . 
:~i~il l)  

'~:~+". ~ ~ + (  !~ ....+:! ,,,~ <i> :,a+ .+ ,,.,<#,.. ,,. .... .++,,,+++:. 
+v;,  - z s i _ z ~  

• i I i i ~ i i o  - - -  . 

~impllfyln~ we ,:,have - 

i,.-~l) 
• . ' 

_ ++ ++,,= +:+  + + + - , ,  c _  ~ v , ~ - , i .  = ~ , ~  ~+ :. • = . .  

F:l.ne.~lF..~o :0b ta l~  • 

:In ~order !.~o. e v a l u a t e  ' t h e  . . coord~uates  .x end y ,  ..the - c o e f f i c i e n t  -of  + 
: c o n t r a c t i o n ,  ,:el .., must  The , .de~e~_lne.d,  ~ Y  : p u ~ l n ~  

.':~ : =  ::2 :.Tr 
obtaln +:~'om equntion ',(:~6) .-.. " :'<' " "  

l ie now I n t r o d u c e  a :new ~m~:Le~:~. , e . d e f l n e d  , t h u s  

+ - = . c ~ . - ~ c . c o + c ~  ~ o  , ' : |  " ':  

~:~ ~=~+ -+ '~a+" ~ !>=~o:= ++o+~ +~ ~ + i  

O ,  +'W . , l . - i l ia  :~' " . -Co:k.o, i~  ~+:~ 

The c o e f f l c l e n t ~ . - o f  c o n t r a c t i o n  

:._Qw 
- cennot  .be,:computed as  ~,.et•:flom : t h l s  +.e~linl;:l, o n ,  ?loecauqe+:ill ; l i l~ +,,•~ dei,~. 
p e n d  .on . :Qi .  ++ On a c c o u n t  ,:elf -:~he u n i q u e n e s s  ~of  l l h o  e o l . l i t l o n . - . ! ~ h e  ' ~ b 0 ~ l i l ~  
equations ,:(5) am.:(6) m a t  :be. t~ai~ <into :eonalderatlon. ' :~q~ion !' 
(B )  /~J.ves.!fo:r a:Poss +seo'~J:on:D : w i t h  " "°. : " + : .  

.+.~ = "~: i ' i  .+-'i ~ i  . =  ,?..::,'I'I ,~ ~' 

+. .  

: 7  

• . . . , : , ,  

+ 

• . / : . . ;  , ,  

- . ~  7,. 

.~ :.:" ' • 

. : : ; , 'L "  : .. 

~ 6  - ,.. + :  . :++ ,  . . 
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.Xr We 1~.l.aee , ~ . . . - 3 ~ n ' / ~ . a n d . ~  = ~ T r / 2  In.eclu,~tJ.on if,.9)., ~.thon ' -  

. =  ,,| + };~2. 

' "~olvl n~, we, o bt al n 
, 

, . t  

• • . . .  

£ 

K , . q  _ _  . _  " . ;  

, - - , .  , ~  -., ~,,~- .'~-.~ 

Tho ~u~ilia~y :an~s, !~,.~ ,.can be 7'~ete~ttned i~f~om ,the equetlon ,af .con- " 
t.~ nuAty, t h u s  

.~'. n nt 

'-,,~¢-: de~ncls, only. _on t he gl.a ts ' open£ ~ -~ettlo ,-a/h. 'i~Z~e dstez.~'L, ~on ./ 
..oC:~t, A.,.and -~.. ~rpm iequations tl~):.} :!(*tS), an~' .r { SO )'i S ' e ~ ~  ' 'k ~, 
;ghe ;:following nt~erical ~',emple: . . . .  ' ' ' ~:~,'!~ '~i'. • . 

• 7 ~ "  . 

. 4  

7 

Ir 

. 0  

• , ° ,e1~ 

• '3 

] 

I 
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F x a r ~ l e :  :Otven!h = 1 . 5  m e t e r s ,  a = O~Sm; . then .aTh = r~ 0 ' ~ O 
Choose c( . 0,'610 euud .compute ~2, and ;E , and ;Intmoduce these-values 
in .equntlon (IV). 

T h i s  g i v e s  ~ = 0.6065..Note choose = = 0 . 6 0 6 5 ~ ,  ' t h ~ n ~ - .  
t i o n  {18)  &Ires A 2 - 0 . 0 1 3 0 6 5  and l .equation !(?~0) 7 i e l d s < {  = 8 o ~ - 6 ~  ' 
and "therefore ~o "15.5611. Equation: (:I?) .confimms She :oo~ctme~is 
of the "choice of :.¢~. After computing She ,: constants ~b - ~6;8174 and 
e-=  6 .7437  we can determine  ~the c o o r d i n a t e s  of  the  drop-down,~cul-ve 
(.table i). We cert.,also .check the devla~ions at  sing.legolnts:oT ;t~e 

TABLE I 

" 2 r ~ ' ~  90 ° 600 45 ° ~00 i50  ;5 ° 

x (m) 
,(=) 

° 

• 0 0 

, : : / >  .! 

• ~,'~ ~ . 

• "~:. ~ .~,.:..:,;. 

,~;';~!.,.;. 
• , " . .:c ;~.~;"-:~.~ 

0.z  s9 • 0.0000 0 . 0 0 3 ~ 7 , 0 . 0 1 1 9 ~  <O,OSlO1 ' ; 0 . 0 7 3 ~  ~ 0 0  ::. 

0 , 0 0 0 0  0 . 0 0 9 5 8  ~0o02056 ;0 ,035~5  0 . 0 5 2 1 7  <0.06459 ~;0,07082 . . . .  

i. 

",,j 

~lwl~m/sec.  5 . 0 8 9  :5..-1070 !5 ;1285  5 . 1 5 6 5 : 5 , 1 8 9 0  ~5,219,l ,  .-5;2238.;: . , ,"" ...... ' 
[u! m/seo. :5.089 .5.1217 5,1550 ,5.1891 :-5.2144 ~5.2~.26 .5;~8 " 
l U l , | ~ |  0 . 0 0 0  , ,0.0147 ' ,0 .0265 0 . 0 5 2 6  0o02~$ '0=0105 " " " ' ~ : "  ~.0.00~0 ..... :: :"" .. "'~"~ 

: .  . : .  - . . ,  .? ~,~ .- " ." ;~." i  

s t r e a m l i n e s  :fr~l.equatlon (4 )  for. i .3~r < . ~ 2 ' l ~ .  A ~ t e ~  .~ ~ t  ~ : " "" * ~ ~a' r "  

; - 2  " :  - : " " ' ; ' "  " ; " ~  : ~  

a n g l e : e , - e q u a t i o n s  {8) and ( 9 ) . g i v e - e  v e l o c i t y  - m o z ~ e g o n ~ t ~ ' ! : ~  : . . . . .  " " ~ ' "  :She : '"~;~" -- 

hodograPh, thus  '.~i!t:i 

i. :<c " -';: -:: 

~ l I l e e  i ,~he d i f ~ e ~ e z l o e  ; . b e t w e e n  ; t h e  , , v e l o o i t i e s  ~ a n d  ,,w ! ~ B  ~ l ~ l i ~ i ~ ,  i : , .  " '  > : ,  , .  : .... 

% , ,}°, f e.ant, . .... .., ..~: 

• ,.../~.;~...~ ~,~ 
{ for~  a ~ = , O . 1 2 ,  ' t h e n  ~lul , -  !lwl = , 0 . 6 ~  :% ;max; .".,~ - 

• ....~...;,, :. ;! ~{~ 

, . f o r %  = ; 0 . 5 ,  t h e n  - i, I = i -5 ,8  ~g mazi') ~ " ~ ' " '  " 

, i t :  appears t ~ t  _the ; choice  :o f  .: T~Lnctlon ,~'( ? ) T O t ,  ~ a p p r ~ t e ,  s o ~ , c . . .  :: , .  ; ' .  ..... i~i. ' 

'$1on -Is'v~lld. - ,... .: -, .: .:..-" ~."--~; 

In ~table If ere' glv the  S h e o l ~ t i c a l  . v a l u e s  ,"of,:~.,.am ~t ;"'^ ....... 
we1l : as .' She ;-coordlnat es -of the,.dl~p,down -.curve : for ".va~ous'r~T~S .~; ; ~:'~" ' "'' "4.:" ~. " ~; " ' ~ 

• :of the,rn~lo*, a/h. It .is to~.be notlced,th~t the ,stre~Ines.,;fo~; " ~i~.-. -- 
. . . . . .  _ ..., __ _ _ _ ~  _ _ =  . . . .  _ .... =., . ,;~ .... ,~ 

• F o r , a  - 0;  a - = 0 ; l m .  For~a ' /b  - 0 , 2  - 0 . 5 ;  h - - ~ l m .  .:,.,. .. ; _  ~!.;. ;.:~;,, 



'each gate openins,:a,~if 

o~A 
h 

dsvia~e from one ~mother~an insignificant amount and that~.the,:ra~io 

- luol 
• I ~ I  

varies ,between~D: and ~18 :percent. From~thls '.'stabil£ty- Of~the~d~op- 
down curve against ,changing of tthe ~veloclty-pl~ne .!It :may .be concluded. 
that the flow boundary :cor~esnondlng to~arlgorous solution can dif- 
fer: only a small m~ount ~from i~%he :cur~e 'as determined. 

TABLE., I i 

a/h 0 0 . 2  0 ,3  0 .4  0 .5  
o& 0.6110 0;6046 0.6036 0°6043 D,6066  

= 3 0 0  ° 0 . 0 0 1 9 2 5  0 , 0 0 3 6 0  0,00504 ~ 0 . 0 0 ~ 5  ;0~00655 
x (m) : ~ = 3 1 5  ° D .00678  0.01287 0L01822 0~021~2 0,0247S 

~ = ~ 3 0  ° D~017.54 i0~03570 ~0.0~848 0.D6080 0.06960 
~;@'~345 ° 0 , 0 4 1 3 0  0,08031 ~0~i1744 0~15109 ~0~17947 
~= 355 ° 0.0S..~08 0.16281 ~.0;24069 .O.31495 .0,639~2 

(a-y)(m) 

Floor~ 

C@=1:300 ° 0;00521 :0.01025 0.0i475 /0°101673 <D.02071 
@= 315o 0.01140 0~02259 0.03286 0;03991 ~0,04798 
~= 330 ° 0.01945 0~03893 ;0.05732 0.0~219 ;0;08744 

~ = 3 4 5  ° 0.02883 ~0.05821 0 . 0 8 6 8 0  .0~IL9.14 <0~I18~8 
~ = 3 5 5  ° 0.03549 0 .07203  ~0~I0813 0 ~ I 4 1 5 5  ~0.17689 

. .P.ressu.re Di.strlb.uti.on aZon~,the, Gate. and. al_ong tlm 
m 

, . .- . 

integral 

AfterlntroducSng ~(} --__ 313.__ 
~ 

(3) r e a 4 s  

• lable ~ii;~!| vi (figure3b), ~lU!,th ~u~,, • 

:(~al 

bions, of '~.the ~.va:~- 

U" 

. • ,! 
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? L.+:, ~+; ;.' ~! +'.?+/" :,+, , + . ,  . . . .  
" +' L ' = + I I ' 0 ~ ~ + 1 -~ 0 . ~ ~ 'Q" . " " "'+ ,,d ' 1"''''+ + 

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

• ~(,~1 ~. ,, 
- -  I r . t  +,,  .+'l I i , . . .+ : . , ; .y~ ir .  • ~:..' ''+ 

~T '" ~ ' " ' " "" " " ..... "~"" : 
= o ,v : l ÷ , L o o ~ - -  - 2 .+1o~, .  +.,,+, . . . . ,  • , _j ,~ " ~ , + '  - .  I -  . , . ~  + ~ , Q  " " ' . . . . .  

• • .-~ . . .?. " . . : . , : ~ :  ..+ ! . " . . , . . . . ,  

..T- 

i ..... :+",~,,~r...~ - +.- ,c  , ~  ' • , - . ' , '  ' ' ~  ++ ' i  + ~ ' ~ ' / ~ ' . '  : 

, . , .  ~ . . . , . . I , , ~ . , t ! ~ . . : . . , . .  -'-~,.~-.~,. 
._ 

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

, : ,L#.+ ,?LT'. 
~..~ - , . ,  

.'.(~} ..'~:.. :"?:'.!.-; " "" 
• ++..'+'~ '-. "- -. r~ 

"+'+'J ,+,+i+++ , . -  
 "tL " " • ' 

:For :%he '~len~%h"~ wa ~h~ve . .+ ' " 

.w ""I 
.. ;~ . :L~ 

~. .---~,.~"~ ?:. .' ~ ~ .~;,.: : .i ", ~ • .. . 
, - , i . , "I -- v l  

• ~ '.I.: ,-~,~ -'I.L - - ' '~" .... "0 " -.. 

.,r +'. 

~.QII- ' • -'+,".' 

• i .  " :  

. j;. .:;i.:/.i;.!~-,;~]-~./ 
. .,,-. . :.~ -, .- +; 

• :;.'- ~ -' .., - . . 

- ' ] , . .  " "L , . "  

. ...~,~ .. 

;.,.'-..:-: 

. ~- ~:~:~,..~". '.~ . 'Vo ( '% 

,;.!!~--~(-.t,.-:~i) .~,.~c~.o~ ~I ' 

.~ we.  Choose . .d~or  ~.the - v a r i a b l e  i t S |  d n ~ . y  ~ ' a ~ . U O  : b e t w e e n  ~-~ ~ 

Com~ute  ._the .¢onr .espondlng-~ .~a lo~ .~ .~y  ~..~ . ~ . L ~ u a t ~ 0 n  ~(-~)~,. 

. . . . .  • - ' ,  G :  . ~ :  

. . . . . .  . . , . ,  , ~  : . ' , ~  

• "-:i .; . .:....,-.-': - .,-, 

+.. , - . . .  ~,F.,;÷"..~,'.+," ; 

!! I 'it ..._ ? 

. , ~ .  . .. ' .  ' . , . - .~', . .~ .  _:. .  ~ .. - / , . : . . .  

. . ~. . .~ .  . ,~. ; . .+, , . .  . .-,[.+..~... , , ~ ,  ":If we subs t i tu te  equ~tlo~o ~(~ ) ~ d  ¢122) ' In  , I n t e ~  (3a)~, .a~e.!~e,i~. ,,.+.-....-. ,:-.'; • . ' , -  .:,.,.. 

; ' t ? ¢ l v l ~ + . , ~  ~" . . . .  . : t ~ i s ' + X  " _ i~v~" .,a.~,~.., ,a?-. " . -: " : .  ~ :-~'~G:;'! 

• ...,+ :7 ,,+ I .-~,-I.,.~i ~. i:l ~ .'.~-~-' ~ v:,~:~;~-.~!-.:~., 
I 

" . . -  ! I . V i  ' . . , .  _ T : /  +,.~'~"" . . . .  + 

.'- ' ; ++..~-' -' -~.i~l,~:,l ..-" -,'L'"~',~,' .'; 
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:the.ald of equation (23) every p o i n t , o n  the gate:at ~hlah~this~ve, . 
loclty.'oecurs can be  determined. +.In LtaBle !lll,Lars glvenlthe.ve- 
locltlea ~ndpressures,.determined.fromBernoull~,s .equatlon,~for 
several.points on:the gate (+h ~iiI.50 m., a = 0.18 m.) 

+Ivl 

-u  ( m / s e " . )  

2__U :{m.) 
2g 

(h- IY) m. 

. r ITf~BLE Iii 

0 0 ,05  ~ 0. . I0 Do20 0o30  0.40 :0, C-O +0 ~IBO 

0 0.2578 0,,5155 +'I.0S06 ~1.5448 2.0879:~.07BB 4+090 5 . 0 8 9  

'.0 0.,0034 '0,0135 0 ~ 0 ~  0,12264 0.2158 i0,48~i ~ 0.8~I ~'I.$200 

++0 0.5620 0°9079"~i;I~51 ;i;2291 1,2729 +;i.3078 1.51BO iI;3200 

_..P ( m . )  0 0.5586 +0.89~..~"+1~0810 :i.i075 1.0571:D.8247 0.48~9L0,0000-  

~,The :pressure on the 2toor  can be s ] :~ i le~ ly  : d o t e ~ n e d .  
:obsez~e~, : h o w e v e r ,  t h a t  ~+~or t h e  s t r e a m l i n e  +'.~p- '0., ~e.quatton i(21 +) .,must: 
be replaced b+y 

=-  ~ | ~ I  ~E ~I"~L = I"~,I - 

If -a.value. of-,v is chosen :bet;teen i.+I +and .v o, .then '.the abscissa -.of .-.eaP.h 
point at:whlch the velocity 

~ +I,<,+ 
l . , l , - - -  

+w+t... + ~  
o c c u r s ,  - ~ c ' , .  - b e  : c o m ~ u t e d .  : f ~ m  

× - . x  p_ = + " , i ! i ~ . ,V .  , - + - . -  ~,II~il 
"n~(+,-:x~)iL~. "Vo;l,~' 

++(+o ++++)(. ++.,,++,-, 
. +  _++~,2+ !1om +~+ . 

° :~ V + L . + ~ I ~ I +  

+-+z +(( i +'. 
• . +; :+ :i.~+l+++~! 

' in  ,. w~i eh ' " u 
- 

' +.:I~- ~" "+'+V '~ 
" " I  4 

~Zt, must  :bo 

- - , "  - .  

- ~L°'t +o+V+.+++ 

*r 

~-] 
°l 

• + . .  

• , "411" • @ "  

~ , e ' e l  . + - - .  
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~'YO : ~ 
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For d e t  en~lalng t h e  :abso i sem:  x E ilin ,~f.£~J~e ~5 ,  r~thS , ~ ' ~ , . ~ O ~ e " ~ i ~ k ~  ' " 

o u r v e  EG :was c o n s t r u c t e d  : in  ~.~he . : fol lowin@~mauner:  O n  t h e  ~ - ~ ! ~ L a n e ,  " 
. the c o r r e s p o n d i n g ,  curve  is r e p r e s e n t e d  b y  a ,,oi~le ; ( f ~  " 4 ) ~ . .  !The 
~ c o o r d i n a t e s  o f  "severa l  p o l n t s  o f  ' the  e q u i - p o t e n t i a l  ::ourve'~;, ln"r~the 
~/-plane can be computed with the aid of :equation8 !(8) and!(9),. ;The :, .. 

~:quagions 24 iand ~25 a~e rOOtS Of ':'~h'~ ,~pplr~q equations. ~(;i0) ..and ~'(,~),.:. 

, determinnt~on . o f  • e q u i - . ] ! o t e n t i e ~ - . ; l l n e s  '~In ~the' Z-plane .To~"IOW '! . ~  i-~he " ' ~-] . .  i 

g~aDhi~al evul~mtion of ilnteg~Sls :emaloEous to '.equntlonsi!(R} e~d . , (3 ) , ,  ",:~;; ~""':.;..,,.,;:f., .... 
• thus • ..... ;..:~ '.' 

" 

.% 

- ° ~ ,  . 

- * . f % 

:~  4 : 

_ ;u i l  

/ 

Curve .P in fi&~tv~ i ~Ives . t h o  total p~essur~ aEainst .tile Eate ~i(widCh 
i m.) for various gate openin~s~and :can :be dste~mlned fro~:the ImptLlse 
principle. 

E 
The ..venUes ~ i n d i c a t e d ( b 7  !.the . .dashed ; l i n e s  a p p l y  t o  ..-a r~Eo~ous. ,  s o i u ~ i o n  - 

. o f  .~the . p ~ o b l e ~ .  ( e~sm~p~iona  ;iI _and I f  a r e  :not  .made).:. With ~ a : p e ~ t s e l b l e  
. a p p r o x i m a t i o n ,  we ~ y  put  : ."~ - 

- . .  . ) .  "r - .  

5 .  , C o ~ , . . ~ . ~ i s o n  o f ,  ~ p e ~ L m e n ~  !:,Heas.u~me, n t e  ..~_th ~.~ho , . ~ e m -  : ;' • 

- It m a y ~ b e  c o n o l u d e d . . f : ~ m , ~ h e  ~ e x p e ~ l m o . ~ t s  perfo~mae~ :.in :No~i~ . ~ ../i::.: i'i:' 
laborato~ and also . ' , f~m.  :$ests !by~Xeutn~ "that ~%he ~ . @ o e 2 T l o l e n t . ~ o f '  ..::. ~., i . . : ~ '  i., ;i 

~ , c o n t r a ~ i o n  ~OL~is ~i~depen~dsnt . ,o~  ~,~he . .~ead,  .h.  :Keu~n~r , . ~ £ ~ e e  .~0~ ~e~'Sa ~: . . . . . .  . ,  

+ : ~ u n c ~ i o n  ~-of t h e  : E a t e  .. o p e n ~ , n E ,  -a , , . . ;  . ....~ ~- + +.+ +~.+, , . :'~,:-: 

• x C. !~: 

.... ":]'. i 

_ z -,4:- , 

i ̧' ,•. . • ,%? ~• ~ - --,~ 



i .  

I . C . ,: 
..':. : ,  . (  . , 

. , t ' .  " " 

~.tk' " ,. • 

t'\i" .?. ~ • 

) ~ :  ' . . . .  • ~., 
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The t h e o g e t i c a l  c o e f f i c i e n t  o f  ; c o n t r a o t i o n ,  'm~, : , ~ h i e h ' ~ e  
solely dcD.enden t on the gate'openln(~, ratio, a -  . ~ r a ~ i e  s bmtw~on {~;6036 

"tT' 
" '  ) (~'i 

and 0.61~0(If a/h lles between 0,and 0.6); i t  .is.worthy:of. mentlbn i~:...,~ "" 
• . . : ..T ~"" "' ; that it is on the average s:~llor than coefficient ,'of 'contraotion. "' ~?'/ " .- t~ 

measured byKeutner, but it is larger than,valu~ of ~~ =~0;60 (fo~ "'~,.'~. .... 

n = 0.18 m. ; h-= 1.2-1.8n.) given :by 08m~tanJen. An aSTe~ment .w~th : " 
this coefficient can be reached ~after t~ans~on~ing equation 1:8. " :' 'i:i:il 
Suppose we re,lace u c and u by " ., -'.~ 

where.~ is the 'coefflcient of volocity.• T h e s e  euqations :agree .w~th ": " 
:Keutner,s velocity measurements. '~e obtain .the e~ssion -, 

Equations ~17)and (20) refrain unchanged. ~/ 

F°r"--a ~ O.'L?, ~ = 0 . 9 8 ,  ~he  ~ ~ o e f f l c i e n t  o f  o o n t ~ a c t i o n  i s  
:found0.60. 'to be.~ h 0.6016. This value :does :not dlffer:t1~terlaily.fl.om 

The coefflclen%s, of contraction,:~,observed :by Keutner~ " " 
are somewhat hi@for for s.~nll Gate oDenlngs, a. ~hls can be ~at- :. 
~ributed to the Influence of the boundazs, flow along-the ~ate a n d ,  . .. 
• floor as well as ~the rather dull ~Ife.e~ge .of :the ~gate,. ;At ~ea~e~ 
gate o~genin~s, ~he'~uter,somface ,Ires seveTely d/s~umbed :- 

• • : .o2 " • '/~{'. ,% B Y n e ' ~ e c t i n g  : t h e  e~Tee~; of grav, i t y 2  i . . . . . .  ~ .;e.= 
the ~flz~ e :boundary of the Jet ~is ~onstant), " (~he;~looi~yis~l~: : :,/! :~ 
raoidl~ with in~reaslng ~v=-u's - ~u of~'. ~ " " ~ '  ~IS ~0U~ ,~O'!'~nOX ~'~asse:~' .... '-"~'~";,...... .... " .... 

A .co..nga~Ison .of ':.~he "theoz~ti~/:~h-,~he i.exl~z~n~n~ol droop-. 
."dOwn.'curve ; as observed ~:in :Koch' s ~labo----~-; - .... ,- 

. . . . .  " . • ' • J~'~1~ ".~,~ ~r~ " • • . .~ "' ,:a = 0.~18 ..~...n~ ~h .. ~'~ ,~^ . . . . .  ~ . _r.~ . : own -In :ifi~e <6 ~o~ 
.......... . ~ .~u  n .  ! : , e u ~ n o l . v - s e ~ s  U p  e~Iric~Z ; . e q u m t i o n s  

: for  t h e  ~par~ -of  t h e  d~'o~-down c u r v e  ~beg inn~ng  a t  <.the , k n i ~ . ~ . ~ . _ _ _  . _ ~ _  

,figure.t heoz~tical"7 seVerelcurvesObServedwere, c o n s t r u c  t e d a n d  .~ h e o r e t i . e a l  ~-eunves a~.e i .pzWsont~d. :.~n.T~i. '! 
:as ~follows : :~er ~ d ~ e r a l n t n g  : ",L~ Y,. 

the PO,~ential llne ~ bY ~the ~'methOd deso~Ibed -~In'~l~sti~s~ion, ~h6:: .... ~': ;t~: ,: 
streaulines ~.~ . :Q, A, and ~ were de=Ived ~f~ ttheo~, @Ze~e ~-by • ' " " .: 

4 2 ~ • . 
~ahe~pi_el in~e~tlon of ~equa~ibns <(2) .anR "' • " . . . .  :: ~ .... :"~ ,(S}.. " ..... " " :  "" • -' 

:.~ne ~n~ersectlons .of theme steam, Inca ' e ..... -~ .... 

. -. • " . '.v'~,T~,e 

.... " " " -T :-'" :.i -:~?/,..~_~::~ 
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fron the :~/-plane. For .the solution the •'following constm, ts were " 
used: ~ ..0.:1463 = 0.3V58 OK= 0.6040, ,A P~ = 0 .~3~26,  V 0 

~Esecond. = 2.10163, u]:: = 1.1077 me%ers per second, u c " ~.18~5. metals :;mr 

Pressure measurements ~were .performed i n  Koch'u l a b o : n a l ~  ." 
for h = 1.5 m., a = 0.18 ~u., and a ted 1-water depSh Of 1.15•m. i(:f1~- 
ure 9). Re~ucing the .velocity head in table III !In propo~tlo~.%o ~ " .:~..~.,~ 

.~. 

= [o z . . . .  "' 

, Q z  = =  ' - '= o.  olZ 
• i: ":. 

(Qu :z~..presents ~he discharge measured in the  :tests; Q is the thee- ,, 
retioel discharge for h -',i,5 m.,, .a .= O.18-n., arid a .tail-water depth 
a O~ ), we san determine a ,treasure curve which agrees very well~i.~h 
the experL~ent~,1 pressure curve. 

Figure 5 shows the theoretical pressure dlstrlbUtion a l o ~  
the bottom in comparison w i t h  :the dlstribution n e a s u r e d  i n  Kooh,s l a b -  
oratory. The computed floor pressures are. given &n table I~. 

TABLE ;IW .. 

a 0.150 = ~7 = : ~  o.ll~lO; = 0.60Q62; ~ =  O.O1271~;~Vo=lZ=8996 

• l  

I v-"F o,i o, 2. o.3 vLl--~*•42 

P/~.:(m.) 1.2694 1,2.345 i,i'/64 1.0755 

(x',XZ) (m.) -0.6385 -0.1945 -0,0744 0.0000 
:|" 

(x.x~) (=.) 

0.~  0 .8  0 .9  0 .95  

0 .8596 0 .5264 0 . 3 ~ 8  0 .209? 

0 . 0 7 L 3 5 : 0 . 1 ~ 1  0 , 1 9 4 ?  0 ,2398  

0.5 

0.9892 

0 . 0 3 4 7  

0.98 .  ~ .0  

r o . : i , ~ 3  om~1o 

0 . a 9 6 6  ~ O0 :' .... 

, % .  

t ,  

. .  ~-; 

. .  ,~,. 

x ' . . .  

. 

Upstream from She gate the experimental ~and t h e o r e $ 1 e ~ l  cuz~es a@~e 
well. Below the gate the experimental curve lles~hlgher~om~acaount 
of the vortices which eccl. 

The c ~ p a r i s o n  ,of  ~the theoz~tia~:and ~e~orlnea~al ~'ves 
is not unsatlsfa~go~, and:shows that the use,of :the potentlal ~t~y 
is Justifiable for sol~ing the pr.oblem p~esented in Shls 9ap~r~. . 
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Betz, A. and Pstersohn', E: ,mwendung d e r  ThesPis der ;~e~en 
Strahlen (Use of %he Theory of F~ee 2ets); Zngeztleur - 
Archly, 19~, p. ~90. 
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' ,2 I;ueller, H.: Rechnerlsche Lk-~ttlun~ der Stz~mung~vor ;~ ;~- !' 
~am ccharfka~t~gen Planseh~tzen ('.(Calculation of t ~  ~I~ow" ".- 
Phenomena at Sh~9-Edged'Slulce O~ates);~ Waese~k~a~t und ~ 
~,';'asse~wiz~seha~, vo l .  30, .1935, p. ~B1. 

~.!Ises, R, v.: Be~eohnun~ yon ,~usfluse- und $be~a3~ah~en ' " "  

des Vereines Deuts~her In~en~eur, vol. '61, 1919, p, 447. . 
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Forces-~r~ring Therein).; Ber l in ,  19~6. . . . . .  . "  .. 

• Keutner, C.: 1~a'ssera~f~hrungsvez~-~gen und saha~kmttigem 
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Shaz~.-Edged and Rounded Slide Sates); Die Bauteehn~k, .v01, ~: ~. 

. lO, .193'~, pp. P.66:und 303. .~ i .  , ,~,;,, 
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