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PRES~;RE, ENERGY, Z~DFLOW CONDIT~ ONS 'ELS~/) !iii~ :j 
HIG}I GRADIDTTS ! .. " : 

&sistant at the Technical Univorslty in Graz >- r r ~ :I~''424' :w "": q: 

@' q~ ' ~ r: L~ I ~ . u :r: " : 'u u, ~ d + ' : u L ' J '~ J 
• : i i  :/:I':'':I:' : 

c . . . the increment sure:head 

curvat%~ro or c] n ~i:'ootio ..... no. 

d . . . the stromn thiclmoss or %hO:iithlcPa~oss [of the fluid if: 

shoot porlmndiculari_to:/!%he:i dir6c% ion iof flow. 

= • • •  coolo atio  gr=tty  . - 

hp gy head : "~r~ ' ~ ' : • • p o t e n t i a l  o n o r  / . . . . . .  . . . . . .  

h h -  v 2 " . . . . . . . . . . . .  : :  .~#.: ,u : - :  # : ~i r'~: #L " {. "k@ ' ~ P '  ~ 4 : : ' : u ' : : q  L e : '  : ' 

• • • t h e  v c l o  c i t y l h c a d .  . . . . .  , ~ i l  , " :  " " " 

/ ~ . . . .  { "71 " 

n . . . the perpendicular distance from the water %urfac~. ' : 

P • • • hydrostatic prozsuro, i. '~' " :u ~ I q I L# : ]d "if ~L ~ ~'~ J ~: " {~ ~: " ' " ~ ...... 

q • flow : o r  d i s c h a r g o . : : p o r ; U n i t  ~ , ; id% . . . . .  ' '  " ": ~'~ #~S::; .~'Ij.rL~: r ~ ' : ~ , : ~  : " : 

s = the pressure head. : : '--J": : , Q '~ :}' +" ':'r: "A:" ::" ''`:~ " 

.~ - " J- ,: ]. ~L , "a 

• " ' ~ T 

t . . . .  t h e  v o r t i c a l  d o p t h : o f : v ~ t c r .  ",_: .La:5#" ~. ~q=L" ' I '~ r L : ' ~ + ~q ' d rT:' '' 

ci~# v . • • t h e  v o l e  • : . . . .  i ~ " : 

z . . . the .height above the bed. : • ~i~ 

Fr = - . . . - -V • • . th( Froudo number. 

H . . . the energy head abovc the bed. 

K . . . dynamic capacity. 



{ ~ i . , . [ : . .  :['~::f~:",!ytL:..:.,;:::.:.:C:<.52~:j;,;.:~!., Y : ; ; 3 ~ , # : X ~ .  ' - ~ i ; '  : ; '  ;'~'::; 

• • . unit woight. . . . .  

t c r '  "vet ' %r" i ~ r , . .  .:. ,":Ori~io. 

~um,~ischo~go :i ,, :L,:' i ": " • ' • 

K m- F r -  ' :  . . ;  . . . . . . . . . .  " d k  ra in ,  ~ P ,  ' , k . m l n  . ~ , . . . . . . . .  - -  
~no  ; p o s  I t  i on. o f  :.!~~h o . ~ u t  c r ; s u r f  ao 0 ~!;f 0 r ~ 

21__Horlzont,.~l ~ :Po.rallol Flow ;-:: . ..- " :: " 

At any point in'.a :l ':i:: 
s u r e  . i s  c q u c l  to~o o x t e r n o l  "~ -,;:' 
c r e a s e d  b y . . t h e  p r o d u c t  o f . . t h o  ... 

i t  woight. , I f  tho : r ! u i d l , ! ~  ' in-stro~G]!t.!inoi:h~riion;.~:~o~ofi,,. -.- 

r e  .~s n o c n ~ u g  0 '-.in t he pro  s s u r 0 / o o n d i t i b n ,  ~ d  :.W ! 

an e x t e r n a l  . p r e s s u r e  Po  = 0 .  the , .  h y d r - 0 s t a t i C . : p r o s s u  i,/:::: 

T h e  total~spotential .one: 
unit v~ight is I may~be oxprossod:~ 
tho cho.uncl in torms Of tho energy 
enor~, p = 

< • • . , - : ,  . ~ (  , .. . . . . . .  • . . . . . . .  - .  , . 

T h e  potential enor~ £,or rill nurticlos ' ~ ; , : ~ x ~ ' 2 c " ' : :  , , , :  • 7 :  
S Z O Z l - 1 ; 1 ;  - . . . . . .  . .  ~ r .' . . . .  ~ : . : . ~ : ~ u r u A u r o ,  o o n - :  : : ,.: omc oquax ~o ~no energy of -osition of a - - ~ ' - "  . . . . . . .  - - '  . . . . .  ' " 

• • r ~ u l ~ A O .  O n  ' 1 ; ~ 0  :SUr-- :~', . . , , ~ i  

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

If the volocity of :a p~iclo is ,v, thon its kinetic en-. = ,:; 

orgy::is oquo~ to tho~ =v°l°°it~ " ~  ' v  2heade ' " " (3) ' j 



I ,  - . 

and the total energy with :re~erenco:t~ 
is : ~ 

. H = :hp 

~h 

= 

z f  the 
is plotte~ v~rtic~ 
staut throughout~.~t 
eoincids. For the 

O' 

conditi ons stated. • - ...... .. -'~ 

Although, the intro ,  : - :  

the stream., line will ~entail oertain ~di~ficultic~s,;ithb influcnce ~/ii'i~:i r ~ 4 rl': 'I ' 
of a uniform slope oan:b6!oasily derived. 

3. Pressure C/:Distri.buti:on -":~' -~.•~,~;~/::. " 

~gain .as suming str sight-lind .paral le 1 
the stream lino~ inclined at an angld, !~, i.with t ..: .i 
.we 'cons ider 'a : d i f f e r e n t i a l  .olomont,,~wt . . . . .  
being c onsi'dered ~as ,unity ~thnoug~out~') 
the normal direction:arc the ~pressure 

t " ,' I the weight (f!g. 2). ~ •obtain: 

:pals - ( p .  ~ • dn•):.ds- . 
(-~an : )  

, , . ,  

• .  , / :it;: .:. ~ '  , . ; , ; .  

0 ] ~  • . . - % ,; - 

. :., . - . - .  : ~ :  • i ; i ; !  i!: :~- :~ 

and finally, Tor an extornal~ipressuro, Po = 0 (fig. 3), 

.p = n Yoosp ' .  (s )  

. . . . .  



TMo~ pressure at the bottom is: then :i' 

Ps =,d ~' 

The pros 
remains triangular, 
ciablo slopes than" thos 
termination of' the pros 

- . ~ " 4 ,  : E n o r g y  : : L i n e  >. .:. • . . . . . .  

If the 
a fluid particle i 
tions (6) a n d  (7) 

f . . . , .. 

F o r  a v o r t i c a l  s e c t i o n .  ( f i g .  S ) ,  ~ the . .  p o t e n t i a l . " q  ^'  "" " --- " "~ . . . . .  
~ous p=t~olos ~s;no.Xo~erieonst~t, ; b u ~ : i i S ~ ; ' d o  - . . . .  

p . 

a n d  v a t  i e s  b e t ~ 9 . e n  ~ h p  = t : f 0 r  . t h  0 ; ~ d p p e r .  I s u r f a c e  . - 

for the bottom. If, on tho other hand,r~;oonsidor':'a~normal;.soo-: ' 

tion, then '. ; . ' ' 
. !  

v ' Y J . ~ '  " 

-n.= . d ~'-  

and therefore 

h = Z  
p 

; - '  " . 2  

i 

The energy of.. all.tho porticlosina norm'ai Sootion,is;~thus ~ so~on-..~ 

to be the same. .... :.: :: '- 

ThQ t~m ..... one~'r,y or. ~ p~rticlo i n  • t h e .  ~o ~ " : s o ~ i 0 n  ., 

~hoso velocity is v is therefore., . . . . , 

": " = d: sos ~, ÷.,v' .' (9) H = h p  + h v "  " " : ' 2  : :  . . . .  " ' ~'~" : :  

with rcferonco to the bottom of the ohanne!. 



t~ ;: , 

If t 
then the ~ .... one r~y 
energ; 
4 ). 

%', L' ~ 

' 'L , "  

'1/ 

• . . r , . . .  ¸ - ~ . v  . ~ .  W , : ~ , ~ %  a * . , * , ~ % . J ~  T d , , , L  

"The ~ ~nor C. 

7.: ~* 

5,  D o t o ~ i n a t i o n  0£ t h e  ' P o s i t i o n  o f  ~%ho . ~ u r g a c e  

For'~ given disch=~go; g, 

V.= 0 , 

,~cn th~. ~s. ~ntroducod ~ • 

" i*[: 

o " i, , 

o r  ' • 

• d 3 ; c o s  

tion l'or ~ne q curve, ~' : . . ,  " • * . ; . : : , . . . " : : - .  : .  : . . ' ; , '  : ' - " , , . ' . ; ~  . . . .  :,. ~ 

For a g i v e n  e n e r g y  h e a d  and f o r  ~the, c r i t i c a l . ,  depth,. .  .: ; . .  ~ • , - : ~ : ~ ! ! *  -.  - ~.,~i: 

t c r  H, 

the maximum discharge is obtained: ' " " " "  ' 

(3) 



( 
sionloss, ~nd, considori 

~)oo. ~ .(~i!s' + 

-ly {enornl, The :solution of ~hOi,~e, 

the dischoxge o~cordin~ to"oqu~tion:(iS)i~.IS .~. 

m ¸ i 

qor 

The maxirmm.v~luo of tho dis 
~nd pl~cin~ .this, equation,: eq 

('f[) : .L. 

co~ 

" ' L  

The thicknoss of the strenm"is 

Finally from oquations (14 oa~d.~(15) wo obtain-: 

: J l /  

. . . .  k 

6 

' : / i  ! . : ,  ~ :~C~ 

. . r  

Cle) 



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

Tho maximum points of the q. curvos .for"v: 
lie on n straight lino-:thr'ough::%h0..o~iF, i i 

d~i ins.x " ,.. , .... " ... : L:. .:.L !~I. :, :i, ;~:: i.,:i;, ":" 

tmng~ 
o n o r l  

be invus~ag~oo) ,ms cmrriod out'~.~ns fo!lows: : 
- " ~ [... •~ . .kV 

First cnlculnte 'th6 critic:.~l, d isch 

qor;' = 

for the given energy ~oad : 
obtain q/qcr and. determine 
from equation (13) or ~gz~apl 
sirod vnlue of the thich~o; 

L" 

. 

; 

- ? ,  

In gencral thore..wi.ll b6.0btafn0d:'t~;.o.ilvalUb~".. ,.. :-. .,,:., :::- ~. 
~L' .• 

a i > dq 
? 

which .c.oincido f or q~=.q max: all r" "~) 

" - : . :i i _ i:.~:i:~ ~ :~..i.li,~:.:,~ 

6. Dynamic C and Rosist~no0 to Flow - - :..- 

drostat ic pros sur0 .and..the tro~nsf0 r i6f mom0nt~,":throu~ 
section in unit tlmo(soo rofcron ~raliol 

slopo, ~, ;~I:) h"tzvo for anormal 

K = ~ ! v 2 d )  ' 

For horizontal p~rallol flow, i f  

d = t c r  . y q2 
g 

p • 

} 

/ i  . -  

(19) 

.5 



. ,  " . .  

c r  

we obtain the limiting v~lue.oC the dyn~ic, cauacity ...... : r~ ' ::' r '" 

: . . , 2 < .  • . . . .  . 

K . 

equation (20), there is. ebtain~ 
the dynmnic capacity ~. : 

I( 1 
= -- COS 

gc~ 3 

n T 
n I 

M 

• : - : .  • . : : ~ .  
1 

iY 

rude s, and 
sl opes are 
yields two 
best be det 

For a psrticul 
ie capacity is obtained b 
(21) equ~! to .zero."This 

The minimum dynamic capacity for.a given 

: 

• i.~ ~' . , . , 

%in . CoOs ~ I ~  . . . .  : ":'::'. : " "  :~ 
• .,:•. b" /:: 

f 

on the unit hyperbola i~:. • ..... 

d . ,  . 

te r .. • c~ r . I: 

8 

: /j 

? 



For :d":,:,= d k.min :--;" 'b t r c ' ~  ~ I :"*:" Z~ ~ " 

r "  

then we. obtain exactlythe 
:s 1 o p i n g  : c h a n n e i : i n  ~: ~h ich~!~ 
wave vel ocities ;~s~/there 
izo.~t al ci~annb is, , 

her: ~,:i 

t" " '. 

~d- . . :~  d k mi~; . 

d > dk min, 
.... <% . 

'The locus:.of • 
! i t h e r e f o r e  c o i n c i d e s  w i t h  

7 . . . .  Positic 

Froude z 

v:hicl 

'~flow index", R 
'!r . 

~il . . , : .  F r , = . ~ q u a ' ~ i o ~ i : : ( . 9 ) ' ,  o . .  

:, Combining :this• z~th equation (26),~ obtain ]~i 

• " ~ g a  : : . , .  

anez/~ ~ec re~i~re•nce i,.no. 9)..as •,the • :"'~ 

m 

,? 

9 0 
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~} / , r  

for the Intorpretat i~ o f / t h o  re  sUl ~s..: o f . ; expo r~en t s  on Vontur  i 
o n . a l e  ( s o e  r e f o r ~ n o o s : . ~ . ~ a o d  : - ~ :  

o d J ~ 6  t h e  influonoo . o £  - - - -  . . . .  .... - " "  ........... " ' .............. " .............................. 
~ar¥ ~o~hods o f  oalou 
oal lod "buokot" "..tho ~o 
~npor~ant (soo rofore 

d 

In  ordor %o 
mental ly, tho total pros sure .is:~' ~a,"..a . : : °  ~ .  ~ ; .  ~ . '  ~ : " ~ ' - : . : ~ , '  ~-'~'.-~. :.:: 

oromont in prossuro~ 
moas~od prossuro ~hoa, 
point in quostionto , 

For ino lino~ -i 
o r  o qU~l~i~o t h o  ~ d o p t h  

sm 'e  , ,~c~d,  ' ~ :: . -~i~•~;,,'i • ~:.  " ! ~  .... ' ~ 

O " • 
i 

/i ~ o  :dotorELnation . o f  " ".::. 

9,   Oo ont:: . :! ' ::  
i 

~oos~o moas~o~ont's oo t l o~  : ot ~ : O ~ Z S  
.high ~ rad ion t s  havo s o l d o m : i : ~ n : ~ d o  ~ .:,.- 
boon oo=pzoto~ ~ro z 'o~o~~at  ~ 
~Jw ~ l u o n o o  o f  o c m a i d o r - b l o  o ~ - ~ a ~ , ~ r  o.~ :,.~:Muoh,: ~ l U ~ b l O  d ~ ~ -  i s :  : :::':i~'rl ::~ .... ' .~ 
n o ~ o r ~ h o l o s s  a ~ i ] 4 ~ b l o  f o r  : -ohoo1~z~ t h u / ~ m ~ n ~ Z  p r o s s u r o  o q u n ,  ::~- .~- 
~ o ~  no,  Ze ~:' ~ " "~ . . . . . . . . .  

~ t  t h o  ' V i o n ~  H~rdz~u~Lo.  ~ c ] ~ r ~ m o n t  S 4 ~ t i ( m o  rl "~OSO ~ r O  :OOZ~OrnOd 
wL~h t h o  ~ L o J ~ i b u ~ L o n  o f  p r o s s u r o a  ~ l o ~ c  .~J~c FSOO~:rOf w o l f e  ( s o o '  
r o f o r o n o o  4 ) .  ~ho p ~ f l l o / : o f .  ~ho  s u r ~ e o  .oJ~d:¢~o p r o s s u r o s  ~ I o ~  
~ho f~oo ~oro d o ~ o ~ o d  f o r  24  • d ~ t £ o r ~ t  :oond£ttona o f  flow. • 

~ao of 'bhese e x p e r ~ e n t s  axe p l o ~ d  i n  : £ ~ u r o ~ , 9  vd~ez'e"ld~o mo~sm'od 
)pressure= ~ r e  n h o ~ m  For o o m l ~ r i 8 ~  ~ 4d~ose o ~ l o u l ~ d  f~omCha 
p o s i t i o n  o f  t h e  8 ~ r ~ o o  i n  s o o o r d ~ n = e  w ~ h  o q u = t i o n  7 .  3~e  ~ y o r a [ e  

: :~:Z 

11 
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.Tho :Fr o u d o  
:i d opond:Lu~ 

. k  
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