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applies :directly to t~ solu~o~o~!Bigh v@leelty~flew. ~Xn :%he 

Chezy formula 

i .'4 

%he velooity :is seen %0 :.va W as !%he ~s~u~re :,roe% ,.6f !~;he?~U]~"~" i' . :: 

radius, Ace, ording %0 ~his :f~ormml~,.~an ..iner.~se .:,In.air . g ' ~ -' 

:results :in a :larger hydmadlic :ra~iu~, and ::hesse :4 ~gre~ter ~el~'i%F.. 
.o 

This result :is quite "'.~re ..Opp@~i%e -om~'~uld :e~peot -i~ ~aera%ed':f£1o~i ~, .' 
!, e .,... 

i derivation, of  '-the .;Chezy.,~o.~ w1'll :be.tu~dertm.ken '.%o :'shOw":~% : 

it :is inoo~reet .r in~ high .v.elo~i%y 'flow %o 'use i%he' :~L~Lio :,ra~Au~ 

of :the "ins~fla%ed" ~,se~ion~ .withou% ~ohanEing the ".value 

e oeffieien~ ~ C. 

. ' 2 r ;  : ' / ,  

or..~ " ~b ,.(:i-,~) ':.w ~sln .8 

: .  - . .  

i 

J • 
...... . .,~': - 

!Le~; "100  t~ '~" ~ p e r , ~ %  ,:0~? .:air :in ~ w a t e r - a i r  ,m ix tu re  ~bY .:~olume - -  .~i 

'w = .~t :,weight o~"~%er 
.- :.s~m~r ?.~ '..m~L% ar~ ~,a% ~eurfaes o f  ,:oo~%a~ 

:be,~ ",i%ez ,.o~d ,,ebamnel ' 
:Wri%Lug the,©.8~illbrlum~..oondi%iome for .vOlume ;Db~. :'*: : : " " 

. . . . .  l.j, ;, 

• "'" ~; i~- "~. ': 

r I ." ~ 

:i ' " :i 

Fi~re ~ ' 1  " 

<,'-: 
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an~ \',I =, sin • 

,:, then k V ~ ,= R{I;'.) W.:!S 

I/! 

w ~  !:! • 

Y~ ,other ~rds. the oocfficie~.i 0 in the Chezy formula must be 

multiplied by (l.~) ~ when appli~:~,~ to water an~ air mixtureu. 

~efi~ing R in a new way 

Ins~ffla%ed ! ~ter. 

I 

r 

• .  7 j '  : . 

in which q - t~l ~i~c~h~e of the channel 

and V - average ~losity in e section 

the Chezy formula 'remains 

(s) 
a almiia~ manner i t  may be s h m m  that t h e  ~ , ~  

formula should use ~he ~ne% as .deflne~ above when water ccm.talns ~ .  

B~th the ~ezy ,and ~ni~ formula coefflele~tB ~re " " 

o b t a i n e d  empirically for Imv veloclties. Under these con@Iti~nm 

there is undoubtedly very little resistance to flow frc~ the nter- 

air surface. For blgh velocity flowj a great deal of air is se$ In 

motion b~ the water with additional ~osses which wouXd ne,~ be included 

In the Chezy or Manniz~ form~laj. ~ .~z,~ order to uee either of these 

71/ • !, .~ • - 

" ~ ,'/i '~ 
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formulas it will be necess~ryto correct them in some manner for 

the additional losses. 

4. Nature of air resistance. Little is known of  the 

mechemies of air resistance. It has been frequently observed that 

high air velocities occur over channels carryin~ ~vater at high 

velocity. The force necessary to keeu this alr in motion, which is 

an added reSistsa~e to flow, comes from the water, This fnrce on 

the air would be :practically independent of the depth of water but 

the retardln~ £oree on a pound of water would be inversely propor- 

tional to the depth. As air resistance /is usually proportional 

to the square of the velocity for high velocities, it 'is reasonable 

to assume this to be the case until further data can be obtained. 

5. Au~lytical formo f air resistanoe oorrection. The 

Manning formula is S = ~2"V2 
" " ~  ~f~ C~) 
2 , 2 0 8 2 '  

to this may be added a term to account for :the air resistance, 

so that the formul~ becomes 

s .. n z  v~ K v2 
- " - ~ .  " ~ .C5) 

P, ;2082 ' e t  

n- KutterVs roughness c o e f f i c i e n t .  
As Rne t oannot-~_b~e determ/ned until I~ is known, a slightly different 

definition" of :R will be used, which is ~- 

. q/v 
.~.,o b ÷ 2q/'~ :(6) 

This is the  hydraulic radius ~based on p~o. The R will be 
~-o 

slightly less then 'Rne t. As ~he values of ',~" and ",p" are obtained 

8 
.w 
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:,E;- !Bo : "  :~ .,JAn ~e: ÷ ~D ,cos :.~ .+  ~ , Z  

i~ .Wl~sh :~ ' "  .J" d:,~ 

with  

. , -  , . ' r ,  
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7. Application to the design of a %~plcal .steep chute. 

To :illustrate %he ,use of equation (18) with the constants as deter- 
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