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DO A Translat:lon of
nnucx*-_mmnem oD 'FLIBsszusmun
m GERINNEN MIT GROSSEH EFALLE.:

by]jHaro.ld Lnuffer

 WASSERKRAFT UND' WASSERWIRISCHAFT. =




Pm*ssme. ENLRGY, .AND FLow conmmcws" N cm.w NE
wmz HIC-H GRADIENTS

LT Hnro,ld Lo.u:frcr, :
!.ssistant n't tha Teuhnmnl Univorsit:,r in Gr

thc atroam th:tcl:noss or .+
shoot porpondict.lo. ‘

hydro«tatic pros.,urc :"t»t}'o bottam

| tho prt.ssuv'c hcad.
tl"o vortical doptn ’oi‘.\m...cr.
the vclocn_tv_‘;d‘ ‘.:‘7." I, & e
tno hoif’ht .',Ibovr' t*xc bo;,*':;

'._ .K . thc Frouc‘n. r‘umbcr.'-', B

H e s . the onergy head é:bdvc‘thq

K« . s dynamic capacity,




,ﬂf P ,. the anglo oI‘ :anlinntion m't:h 't‘

1 o unit woight. ‘ B

' kt nny po:.nt in a liquid at rost the
surg is oqunl to. tho oxtornal ‘pressuro-on’ thc freo
croasod by tho ‘product: of itho" distance I‘rom tho surfncc n.nd th
unit woight, If the ‘fluid; s in- strni
thorc is no chango’ An thn prossuro ‘oant
an oxtornal prossuro le 0O, tho hyd

) Thc totalfzpotential onergy,‘of ip o:.0f '7
unit u::.gnt is 1 may be . oxprossod ‘with rci‘erc,nco to thc
tho channcl: in toms o.f.‘ thc onargy ai‘ posrbion

cnorgy, p 1

Tho po’ccntial onorg;yl for u.ll particljos “1s:tharofore con
stant and oqual to tho onorg;y of posi'tlon of a po.rticlo--‘on tho 'isur- :
face, _, TR st EEE | .

Ir. tho volocity oi‘ a pn.rticlo is v. thon its lcinotic en- 1:_ S
orgy-. is oqual to thn volocity hcadc ‘ RS e T,

. (3) ;




If the ‘anergy. ead,for_all
is plotted vertlcally ahov
stant tbroughout this cros ectlon,
coinoide, - For these’ cnnditlon re
line if for .each CTOBS" sectlon, ‘
Tfrom the wntor surfaoa iand’’ connects
of this cxpr9531on to tho' daterm1nat10n
to related - problems ‘have shown' cxc
flow in nunerous instancas hns~' o
(see appended 1list of Treforeras _ , Tt s Aould not be?
however, that oquatlons 1 and 4 are‘aﬁﬂllcnblo '
conditions statod. =

Although the 1ntrodu tion: 'Acaangem 2 1reé¥ﬁon in-
the stroam line will entu:l oertaln d;xflcultles, the: influcnee
of & uniform slope uan be eas;ly derlvod.;,

Again assumlng stralght-llno
the strcam linc$ inelinod .at an; anglo
we ‘consider a- diffcrontial olumont ok
being considerod s unity’ throughout“
tho normal dlroctlon .are the prossur
thc wnlght (flg. 2) 1h obtain-:

and flnally, for an external prossuro, Qéa;_ 0f(f;é;?$);;a

:p:,=l n ‘chs ﬁ




IS

.\ The, pressure at the ‘bottom is thon

romams' trlnngulur, although th. P
“by nquatlon (1)

for tho bottom, :
tion, then ‘

- and thereforo .-

The enorgy of a1l tho par'biclcs 1n 0 nory
to be the snmo. Lo 0 N

. The tcﬂ;ul onergy of a purticlc 1n tho normul sac
. whoso vcloc ity is v is. thcro!‘oro e : :

, ' , thp +‘_h -deoaﬂf*'vzw

with roferonce to tho bottom of tll_o_,_c‘rmvmfé_l'-' o



plottmg. nt‘ﬁeach soction (I‘:g
I‘t would bo rolatlvcly s:u'nple “toplot: tho vclocity hoad.: r
. Points. on the surface. Whnn conuldormg I‘rlctio'x l'os'o
(whonover tho. onorgy line “ising' ' 1)y
lead to ccrtazn,_'ncon..nstoncics
__low1nl, pr 1nc1pal-‘

i Thc.;"6{{0;{@1:_1"_\15{6111501- orallel flow is' obt ~by-plotying

the-cnerpy hond, H = d e cosﬂ + v"j?g abo'c ‘the: bottomipoint
‘7-0:[‘ o.uchrnormul soctlon. ‘

5 Dotommatlnn ci‘__*h ‘Po 1t ion _;of._
. uxlmum; *1ov




, If equntion (10) ‘is__div:l.do :
sn.onluss, md, considurmg oquntion 12)

. Th:.s oquation 5 thus in cpendent “of'vtho
uroment, u.nd as’ plottod for vnrious slopos “in’ i‘" .
-1y genornl The solutlon of i the oqua’clon for"*'d
roots of whlch ono is nogat:nro md” '

o q/qcr =
with. the d/H ans, N

0 wo ' obtain’the’ 1nterlection,o£‘ tho ur

d;:and energy hoad, H
the dlschnrga nccording to’ oquat:n.on (13)‘_ 1

The max:lmm vnluo of tho d1scharge ;"is obtained:by: differentiating:
ami pla.c:.ng this equation equalito. zoros




Tho maximum points of tho q curvcs‘fo va_ ouq slopos
lic on a strnight lino through tho “origin

. Tho culculn‘b:.on oi‘ tho suri'aco surve' rog
tangulnr channel for a- ‘particulor. .dischargo: g»andﬁ articul‘ :
onorgy hoad H (moasurod: from tho bottom' point 'f*tve SOcti t
be - 1nvostlgutnd) is cnrriod but' - fo '

: 'flg B
sirod valuc of the. th1ckncss of thd“«troﬁn f

The valuo o'btalnad for | qgl ‘
is thon too smull to support ﬁ§

drostatic pressurg and thc transfor of ﬂomontum through & cross
scetion in unit timc(sce rcfcronco no..a) For pnrallcl flow on:
o slopc, ﬁ, wo huve for gy normal soctloq (flg. 3),¥~.u e

For horlzontul parnllol flow, lf )

_ S ari
d l:.t_cr_- '




e
L

.d ,co'lsiderin

X 18gTL
tudes, and the d,;ne.mc capac:.ty curvesshovm in. I':.g. 6 for var:.ous

slopes are’ comple'bely general: Solvmg,equgtmn
yields two useful rootsiwhich’for.a given dynamic o
best be detemzned graphico.lly from f:.g. .

: Fcr a particular slope, , ’ of ‘the dynam
ic capacity is o‘otamed by dlfi‘erentlatmg and plac:mg equa.tion
(21) equal to zero..— ‘This, y:.elds"' for'ithe :

(cos ;zf)s

The mim.rnmn polnts on the dynanic .capuc'lty,curve lie
~on the uni‘t hyperboln IR _ i , ‘




s thuﬂ_équal to the weve, velocmty A
slope 19Jﬁ

wavo Vﬂlocltlﬂa must therefor
1zonta1 clunnolu, '




foross aie . _ Lty ,iwéu’), a'n?d ﬁm mcuaiﬂé
tﬁ.ac r«rp:nmtfby‘m m;- crb,ﬁn.ry mr (L mozm by m:;ol

10 i




for the. intorpretntion or tho rosults o exporimants 'on Vonturi
canals (sce reforances .2'and-3),

Ba: Inoroo.qos :ln Preuuro with Curntm-a
e s oam . L

Muoh oﬂ.‘or'h hlB reo
cing the influonoe of: ourve
tary mothods of cn.loulatinn
oallod "bucket" .
important (sco r

For_horizon't:n.l Inrn.llol i‘lcm.
oremont :ln ;ronsuro, c, ia oqun*l to tho"-dirfuronoe W
moasurod prossurc hoad, ‘s, and't 0 .
point in quostion to. tho surfa.'oo!r'of.-,

or oqual ko tho'.depth 'bolow: the mrfuaﬁ,
tric stroll inos (oonddoring oguation
Bure . hoad, B Ey

~ Tho - dotormimtion o:[‘ boﬂx ‘Positivoand nogativo. proa-
muro im.rommts duo td-' c'.u-va.turo; tho: \atroe.mlima ‘i mdicatud

9. Exyorimnwl Aglroomont

Proasuro moasuramnts in : oations

_high gradionts havo scldem’ boon mado in the' pqst. ,
bosn completed waro for. tho’ most pa.r't-. oarriod_ ut__‘in, rogions un.dor‘.
tho influonco .of oomidomblo om-vntm'o.-_;;_ uch: yaluablo da
* Bovortholess: a.vnilnblo for choo un

t.tr.mno.?. ' e e
, Pl.rtiouln.rly port:.mnt n.ro thc oxporimonta of M. Hnsmni
ot tho Vionna Hydraulio Expcri.mont S‘bntion. “Thosc woro concermd
, with the distribuuon of prossurcos along thc facds’ of woirs (soo-
roforcnce 4)« The profile” of . tho.swfaco ‘and tho proum-os alon;
tho faco wore dotormined for 24 differont conditionu of flows =
Two of these experimnts aré plotted in figure 9 where the mu.lurod
pressures are showm for comparison with thoase caloulated from the
position of the surfoco in aoccordance with equation 7. The nvgraga_

11




of the ‘bot-t;om and suri‘a

as the slops of the stre ‘ ‘

agroement between theory‘ and. fact ms obb.ined ‘where |-
tures were slight, tho diucr

in the :intorior of tho ‘iliquid -
- distance’ fram the ,surﬁi
lows thrroforo 'hha.t 'bhc

;profile for. ! um diachargo"_ i
is condition of. i‘low oan, vary botwoon
\lopo. 4
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F1G.6 . CURVES OFDVNAHIC CAPACITY FRO“ EQU‘"ON 2|

~ (vawves or § anc vaLiD ONLY FOR HOMIZONTAL nnu.in. FLoW. THE guERSY
WEAD FOR CRITICAL FLOW ‘SWOULD THEREFORE OC USED W Hy, Dﬁ.') o




NlNOHUN DISGHI-RG! ANCI =
mmnuu DVNAHIG CAPAGITV
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F16. 9, EXPERIHENTAL AND Tueontncu. olsrmsunon
OF PRESSURE ON DOWNSTREAM WEIR FACES
(BEE REF. 4 AND FiG's, § AND 12 )




