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The follewing di sous sion ,of_~the .~flow~ne't :,~and ~~ 

Civil Engineers, 'but islnce ~it ,Wii~l i~prob~biyi~be ~fo~diUse'~ii~in ~!tl~isi~iiiii:/",i . '"~~:i 
office, and since publioatiOn~may ~be~"~delaye~,~L~.iit~.has ~been~iput ~Up,~.~.~or ~ii) 

office use, in the form.of~.a-~echnioal~memcrand~.~'/~ ,.!. ~ !  i~. ' IL /~  ,L ~ " i i  
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THE : ~A3~ ~ NET ,AND ~ THE ~ ELECTR IC ~JU~ALOGY 
~E. W. 'LANE,.•~,F....~B. :~CAMPBEL~!~W. ~. ~PRICE ~-.::!...:" '~ 
RESEARCH .:ENGINEER, :ASSISTAI,~f3ENC, INEER: ' " 
• AND. JUNIOR ~iENGINEER,:~RESPECTIVEL Y. ::~, ~. ....... . ...... i ". " ..... 

. " '•": .~ ~ _ : :-.~:•~ :••i::~>':~'&!..:: ~.,~:'j~..•... • .•~ ~..:.~ i:i :•~: i:. •i ~. • : i•. •.i.: :":.. 

In .the . solution -, ~, - :~ ~..~. :._.... 
~ O f ~ " : : , ,L 

the Boulder D~m'. and Of ~the~Publ~ic i!.Works~pro~Jeot s ~W~, iil. 

ing carried out ,by'the U. ~S. Bureau!ofiR~eclam~ion, ~ ., 
,:::~.i~i :" -~ "•-. ~-.i ~:~ - 

or methods, the flow~ net! and ~ithe - electric ::an~.iogy .~h " 

v~:ich were found to be ~.~ery ::helpful,::an'd ,.wi~ll~no:~doubt 

. ~:•i'~,,~•'~:, • ~:- • . . . . . . . . . . .  . .... ~ ,',, .:%. 

e~glneers i~ ~'~rica do~,not soem~to :~i !i~ii 
them, it is believed~,that:the Tollowing :aceeunt.~:~of~th@ir:prin , -~-~,.,..~: ~ 

c es and a cation:will be "o£".velue. ' 

The :flov,net,~:as,•appl:i~a..~:to.:h~dr~ulios ' "  ~ " ....... •~ : "  " 

representing graphicall M ~the "nature~of-the -~flow.':of~water~, 

permits the accompanying...veloc~itiesi~nd., ' ...?~ .~.~- _ •~.- ~ pre s sures...to. ~bc.~.com~u~ed :.. . . . . . .  

for many conditions .which heretofore :h~ve .us'u~lly.:boon-~ter./,~ ~- . . . . . . . . . .  

mined by measurement .on :hydraulic ~models. ~Ini:other.•word~.!i~.iiit:.:.• ' • • 

makes the solution 0f-:cer.t~in-..problems :possible • in '.thb ~:o~fiCe . 

,which formerly could be solvod'only.:in%hoi~.hydraulio ~laboratory. '" i 

The electric ~nalo~y is :an,anale~y ibotv~en ~the :flow of watur 

and the flow of .electricity in 'a conductor of 's~.~ilar .:boundn~ios, 

By the use of this analogy, flow nets can .be readily-constructed 

for a great v~rioty of simple nnd oven compllcatcd casos. 

'i 



THE ',HISTORY ..'~/';D ~/THEORY OF.THE i.FLO?~52NET ,' 

The original ~,and,,imthematic 

net rests uponthe tfoun~datiOn;of:diffc 

down by Newton 250:,yearsi:age. ,;The ~oq~ 

of continuity ~ are ::'based pen, ,.the ,.work,of . , ./..i;:-~ :-: Lthe ,~,.great ,i:contempor. ',?~ .!'.~; / - 

aries, ~le~, LaGrango ~an~ _ Laplace..durlng~., _ . . ~ h e .  • :~lSth ~eentury.: ,:~.: :,:~ " . iii 

Later Gauss, Stokes, Wiiliam~;~Thompso : imholtz,!~Ma~l,l ~ .~ . ~.. 

and a host of ethermathematicians .and ~physicis~ !, iiill ' 

knowledge of the 'theory and/:its application. " ~,-:t,..- • . 

Th e principles ,of,th~ iflownOt ihave~!~been,/.usod,l.to~!~i/! i:,>:ili-;i~: ; .~i ;.. 

s o l v e  . a  , v a r i e t y  o ' f , ' p r o b l e m s ,  "Tho,lmagnfit~ilCi.~fiol:ds"}s/~rrOun~in~i!~/-/:ii%.' !ii-/ ~/i ~' i~i:! ,., 

the polos of an armature !have .boon:studiod"::~ans.i~of:~awflow:.:::::.~i:~.:~:ii .. 
T 

not**. It w~.s used :by Hinderks*** :for! : ~ ~: 

pressure, distribution .in siphon ' spil~l~uys, ' ~!~Tho :~-':~ 

** A. D. Mooro-Mappin C..~notic and..Electr0static'~:Eiolds., .,:.~ :~..::~:.~.~,.~.." -~ -'~ 
EIo ctr ical Journal V01. I,.XX] II ~ No. ~7 :ipp~SS6-362 ~'::'...:..'"::!i i ~:!'~/'ii~.'} .i" );."::'/;:./. 

* - *  Stromungsuntorsuchun~.on.Solbstatigom..!Sa~ubezf~i~en.~o~or:i:::-: 

also used at,Hanover for. i.tho ,:probl=,.of.~iov,.~O~,~oii:6r;.,d~S:,T::,: j~ ;.:': -! ~'' 

H. Kulka records-,the results in,an,.0xcol.lont itr0~tih~0?...-6f,+,h0 .... :,:: :'" ! ~':"' 

subject****. It seems Tirst~to :have booni:in%Toduo0a~ih:tl~is ; ' "- 
. 

* * * * D e r  E i s o r n v a s s o r b a u  , V o l .  ' I  . . . . .  - . - . ~  

. . . . . . . .  !i;! country by Dr. Freeman in his summaries ef those rqporte.***=* . 

L atory, i~o ;,pp 605-618 . . . .  ~ ~'; 
m i ii i , • i im I i 

S o m e  work has boon d o n e  With the fl~v net at t h o ' U n i v o r s i t y ~ o f  
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• • i :  7!i!:iiiiii/ ¸ii:iill 
Iowa. It )l'm 

wntor under 

/i ̧ :(!•ii •i : ~i ~ 

Terzaghi, am 

application 

problems to: 

Muckleston and ~tho latolMr ........ 

ago to investignto.~flow'.'thr6ugh :,•e'~r.th;~:~d~. :: .:. !~ ~ : ~.~: .~ • '! ~. :: .." 

The more ~ goncr~l-:~:concoption,.~of/.tho flow.'.not:lis ~-somo- 

times called conformal representation. 

mnthomatics of this:geometrical dovico .... . 

graphical mps. The mth~m~ticnl!.theo~ 

subject of conjugate/functions. ~In n • 

there are tv~ f~milios of curves. ~Tho~cur~voa/Of~J~ono'if~iw~al~_:~.,.~ii~/:~!) ~/ 

~ays intersect at r ight  angles t o . t h o s o  :o~:i~ho:~othor.~f~L~ly., 

The geographical mnp off ors :~ igood :example ;.~,whoro ~,tho :meridians ........... ,~ 

ropresont one family," nnd,tho Parallols ::of.~l~i:itudo !tHc~;oth~r ~:~ ~: ~" 

family..In tv~ dimnnsio ~ ~: :f~ i(n ?;i~;a, (: 

is c.ullod the strosan lines ~nd.itbo:.'ethor the. eeUi.gO:~a'ne•:;:nq..~.~,, ::: ~.:: 

or simply %he ~potonti~l 'francs..qn.~tho ~propog~tion,,.'.of:~light. '~! . " :: 

~nd s~und ~vos from a point ~ourco, ::tho:conccntric~sphoros . .,._.~.-~:~. 

representing surfaces of,equal ;intonsity:.aro ~ono ~f~mily wHi-Io ::.the. '~ ( 

r~dial lines from~tho point sourco:.nro:tho ,.otherii:f~ily. Thus .... . . 

the gonernl conception covors.mnny ;~iolds .of on.~pliod science. "' ! 

The theory o f  conJug~to t~nct ions  l ~ s  long boon .used in o l e c t r i -  

-3- 



structures. Lines of ~cqual~ rat0 ~o'f ~°ho_uZoi~ 

by polarized light, i4 

This arti~ 

net and the electric 

be used. The stream 

• • k 

sions, a strip bounded ~ 
" ~ ~i" 

charge ~ at the .ir~flow ~end '~. as i a~ :~the ,'.ou~flow. ~ e~d,'r ,. . ~The ~, stream .!lines : i:i~;!: . 

are conven~iemall~,::represented ~by 

Dntentinl ~ , . . . . . .  The ~line s~ are ~usu~l ly,'~repr 

The iLnes .~v~he~ plotted, on Ithe.:.s~ue,sheet ~form a.~Nrid.., .. ~:. ' i. 

squares. The equations .o ~!!:!! 

curves -are ,~ - . .~- 

l 

~. 7 • ~ .. 

where x and y are~the~-rec~IAXnear ~.cooz~din~tes. ,,The~sYmboi%~ ~ _ ~ ~ ~i~" i 

is called "n~bla". '~These are,knovm as! the'L=plaoi~n equations ! 

and as •indicated in an above ~paragraph, ~ have :many ~applica~ions, . ~I 
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/> 

By mathematical r 
. H  

curves represente 

other. It tanbe ru~ner shown ~.byi~a,,,Vector~:iinter~reta~ion ~OfTStoko,.S:-?!/~:i: i~i~'~i .'I: 

integral, equation ":that ~,the ~rdtio : ~ho:"!~, ":~.i-~:~..~ S: 

linear ) rectangles >Is a . c o n s t = t  i~thro ~uu~ 

SOLVING :HYDRAULIC !-"PROBLE~'~~W!T~!~I]T ' :"-" ' ~':i~i: 

. . ~i~ ~ :.~ 

o~ hydraulic problems. ~Its use .:,in:~:.deteKmlnlng:~:tho ~flowicondit'i:ons ~:i :.: J:~'.. ':i:'. ~ .:. :.~.~ 

~ ~"-:. ~.~:i: '>, : :: , .?..,: ~ i~:.,:.~: : '':. .!7 ~ii. , ::".:.:<,:", "":" ~"" "' .:: 
in the cases .: Of siphon :~spillways~ and ?.:ic'!le+',.~d-~ : : ~ s  .~~i=ea:dY~b~e n:~i'-.?i,i~:'i ~"-..: ,: ~. ,.~ 

• .. !if': ", " ." :' 

mentions d. It..i has 'i been ,used :by ~the" Bureau ~:df :.Reolaraat ,. 

| 

' j 

termine the pressure one, the czest~Of 

shows a flow net ~developod ~by j~f~,. :ClarencO 

I 

D 

point on the crest is :indicate 

above or bolo~t the :crest,~at ~th " ' '  ~ "  :~ : " . ~ , . ~ ~ .  - " ~  

being positivo-:'prossuros and bol=,::being:nogatlve i~essuro6~respec.--..:~ : ~i./''": 

tivcly. A model of the " " " " " ..... : ~ crest 'v.~s"::aiso ..constructcd.:.~n~d.. ~the ~shape ~.~f :" ! 

the nappc and the pressures on ~the ,:crest v~re~:obsen~cd. ~. . . . .  . ~ The ~agree- ~ ~ - 

merit of the prudicted and~observed,results :is very :striking. ~ Simi- ~ 

far flow nots have been constructed to determine ~.tho "pressures ~oxortod? :I 

on drum gates on a dam orest, to aid :in their structural i~osign. ~- . 

-5- 



~' ( . L  " " 

. i s  ' a l  s o  ~ . u s o f u l  : , in  a s t u d y i n g . X t h o  ~ f 1 ' o w < o f , ~ v m t o r .  'i : . . - : -  :.~7 

. , ,  . . . . . .  '~ ': , . i ~ ;  ~,~. j ~  > ~, .,~ under masonry dm ::2:~shows.'E:~,~8%'::':.i.: "i::i ~.i 

constructed to sl . __o_,'noous)!!fo'~aEiSn;.::,'!i... " 

rotor ial. By ,me~us of ~,su61 

clearly visualized. A : ' s o r :  

similar manner the ~flovr !.through~.var.i¢ 

... • J. L ' L '~ . 

GRAPHI CI~L IC ONSTRUC~ ION:~ 

A:flow.net may ibe construc 

tyro and .three dimensionhl 'flows, ~:but ?!%he?compIicagiO ~ ~e 
• • ~ , ~ i ,  . " " - : :  i: . ' t ~  - - . . . . . .  • 

the thlrd dlmension are:so .,:great ,:that ~the'-?graphicaIly:?C ons~r.uE%ed., net : :..4 i:. 

is practically ::limited i.to a:.~,tv~ .::Simensio~i: a~lysis).-, .The•!:£ibwi:of:) .:';"~ _ 

. . .  • . 

level at point O. -:The ~.potential ~] 

upstream faoe of the :~uir ,to the'.vmter :surface, ~ ~s a <'" - ' .... ' :  ..... 

circle ~Tith~C as the-center. 'Wheore'ticaliy"?the:ira~ ' " :::: 

infinite, but practically" a:rcdius t~m or,three ~times the.:head.:~is. ,... . 

sufficient. ,:- 

T h e  flow not m..ay be started froh the potential . ine = O. 

The net can be ~"~de up of curvillnear rectanglcs but the curvilinear 

- 6 -  



squares ~:are :VCound'c; 

laird off in,equal "( 

adjust these divls: 
v ~  

to~:= 8. :The ne~ 

from beginning to', 

to perfect a:single ~:squa: 

proeoedin~ ~.to %he :~ rem~!i=derr~, 

then adjusted:until 5it meets 
+ 

Since this involves 

the lines, hea~y~pa I 

" ' • k 

C.~:squarcs~.?:bcforo !:..,. ~,, .,..-. 

, .  , . . . .  _ [  

be used. iTho~.speed 

rapidly as ono-~gains a:,littlo:eXl 

If the ~bouz 

known, the ~prob.lemiis 

be_ sketched in: as: acc~ 

more closely as-the*:r( 

flow of v~ter overfro: 

, ~ .'~' .. • • • t~ "¸ 

ment, s of Bazin* -,Till .be"~fouz ~ab- 

s • | • Recent Experiments on,tho .Flow~ of. T~ator .: over .:~'Yezr.s--Translatod :-', 
s. iClub o~f i!PNila®- by A, Marichal -~nd-U,,IC. Tr~utvtino-~Proc. ,Engr 

V o l .  I X , p p  i231-~2~8-I892 and VOl.~X,pp ~I36 I6~]~8913.:! :i : ~ i / i : ! : i i /  " 

fish the -boundaries. ;;~oro itho boundaries ,aro:~.not ~ofinitdiy;: y 

loc~ted certain conditions arc *oi~ton ~P&no:.m.:v~lieh :aid !in fixing 

"them. For oxmmplo, .in the flo~v:ovor*a~woir, or.dam orost,'tho: 

[velocity at any point in :the free surfaces ;is equal to the vole- 

-7- 



...~s 

c i t y  h e a d  , c o r r o s p o h d i • n g j ~ , t o :  t h e _ ' J d ~ s t a n c e  ~"of,.:~that ~ipofnt..•~•b61oi~.j</ ,:-: i .~i-.~!/,.itj/i>:., 

the reservoir..level. [I ~ .~u:. ,.L.'.~:9~ ::%.:.'~", ,' .... ~:~.: ..,,:~.-...: ' ~-.:..:'~-. ' :~', ' ~.: . : 
.\ ~ ..~u :iv~Aool~:, o . . . .  o ~.~h~~-~m~.@ ' "~:~, "-~ .~ 

• • . " ..' . :i~:. :,.~ - ~ i. :....,!i~,~..~>"~?.-..-'>:., .: "7~~o 

~s lar.. g o, the head cortes , '- ":p ondln. ;~ gr.''t'i~<i'~ i"'o~¢hm~."X" '2~ ~-' . . . .  llJ:i;:~: :''" :--: ':"' "" :" " ~ O C '''' "': :'''" "" '+ ' ' I' " d "mJ " ' ~" r" ~#" m" [ "' '% ' q :~:¢~' '~ :::; : V "  " " + ~ ' ' " h h q : " 

• ": "..~ ' ' •. '. ' .. ~.::': '. "%-i-~..:... .... ......... -: :7:-..;.::,.:,~i: ~ .':i,,: '.: ~:.~ .~ 

,he net until •~tho ~rco .:.suffaooS!:.at<all:,,.p~ints1,~:ffilTi:i 

:vords, these: ~cla~ions "b : " =-:`: -i~: .... .":..i~'".:..i.:" ~ .-:":.<....:...i:).:i : :: :.:-..::'..i-;:. :,. 
. . . .  ecemo ..a,lconditm~n: v~'ch ~th6~hdjus~o'd ~' ' 

~'-~±o,.: net must ._~*~' • ' .... me"" ~ - -- - - "  " " ' , "" .... "" :"" " "': >'" ' ~""... ~ ...., : : " ..... " ":"- 
fxll ,.,~. a~um~x on'~o .~ne-requiremont s ~n " "' : :"~" 

. ;~ ~.>, . . .  . .. -.;.~.::.q::.,, .. Ccossary.,,,v~nen ....~ 

the boundaries are dofii~it~ly,~[xod,!i:.~": "' 

In adjusting the not.....:.%'~ter-tho . . " '~ 

ongineer~ prefer to ..use diagonals~-v~ii6h~..i0~ ': 

through the square s... This diaconal, not~!,0~f. ::curvil-" ': 

' / >  : "~ , i ~ ,  
, °  . . . : - ,  • 

possesses the s,,une,-proport~cs~.,as ~-tho~0~i:g,i:n~l)het 

"~' : :" <' ")< >i: 

I n  o r d e r  to.-eomp'utO'~,t i~eii .pres-gU~ ::"::' 

~'zo general principlesl~ro~:empl.oyed;..Pir'sti:,..;~hd. 

nt all points it.the:statue c~d}is'-com 
• . . . ~ q~; 

s u r e  arid velocity hee.ds; second, the 

invers 01,y proportional ~.to~-bhe ~length " •-......,.-~. ' :.~ 

linear square ,~.t that2:point.,. ,.~; I_i~i s. .~ ,- .... ..../.,. 

!ish the scalar value of vOiocity~on ..'~ - 

be d o n e  a t  t h e  f r e e  w a t e r  , : u r f a e e , : : ! f  :,i~- s , i , .  :;":. . . .  :.11, ;:~ ~:.: ..... ':.,. - , . .  ..i: _., 
• -locata0n.:~,m s .•:accurately - ~. .-. 

known, since~., the velocity, at r,ny,point ~A .in the ',~ree,.wnter- ' , " -,. ~<; " '/~ 

'.. 'i - ' /!": :" 

surface i. ~. that corresponding t~ it-'~:distenqce,belov:,the:rcser, 

voir level The velecitio,,~ in all other poinhs cf the net,,c,~m " ' 0 

D 

then be computed, since they are to the velocity at A in the 

-8- 



.., 

inverse prop~rticn..of:'.the !/side) ,s', at 

points. If .the rposition ' 6f :~..tho¢f~de~ ~;r, ter-i}surfllei 

accurately ~no~nthe :-velocity 

• A '  :'" ~'~ "" ~- 

fished and refined as -the ,~dJ~ 

• s ~ : , d ~ . b ~  the cut czd try~.process.; 

coefficients can be closely.cD~imat, 
- ¢ ; "  . .  ' !  '.'. i . . . . . . .  - -  - - ' ~ , , . ; ~ . . . .  ~' . ' . i :  :; . (~ ~ -  

be accurately computed. '- 

Having determine~d :tho ;scal: 

by the formula Pb~,= h b ,, V~,~ Tne,~oad~hb..:,s~me~,arod:~d ~ 

2g .. .";,.- "°~": :(/.-. 

~rom the reservoi~.,elevation '- '"'". .... / ':':i: _ e-rid' v b ,.ore% ~be compute~ 

distance betwee 

using the flow 

The, flow. net =s ~,dovelopod ~by;:!.%ho ;,ol:ectr.id: analogY. ~ and " ........ ::~" ' 

Tne oloctrlc a . n ' ~ 4 . 0 o . ,  . . , ~  ~r "'- ~ . . . . . .  " ' :  ~ : "  . . . . . . . . . . . .  : . . . . . .  ' : ~ : : " ' ~ " " : " " ~ ' "  ~ " ~ "  .... -~. ffJI. P pa atu.~ .~.~.y take :,Imany. f orms ~ ' ( O~o 'cof ~the ':':i: ::-~;} :~ :.~ :! ' , " 

. ~ n p l e s t  . ,used i s  ~ho~cn o n  n ' i~ .  Z , l v h i c h  wa_s~. . :~ .~4_.ZX _~. ~ . .£LL~":  ".".-,:, ~i~:,~:. >:?:,:~ 
" o . . . . .  , o ~ ,  . , u p  ~ . ~ ,  , ~ u u ~ v  ~ n ~ - . . ~  '-i","~..;~;~.,"; ~'~ ," '  

flew through the soil bo-no~th a structure acting.zs a dam. :: 

It consists of a shelley: trough vrlth plate glass-bottom and 

sides, provided with mocks for accurate leveling, ~nd filled~to 
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# 

a depth o£. say i/2 of~.an~inch,.with~an-olectrOl~ ..... 

n solutinn of common,~sa!t. At oach.,:si:do:of,, .,~thi 

placed copper terminals.:at '~tho,.position Of .~ 

headvmt er and tailveator-:with ~.'5Ho ~:f0~dntion ;. ~z 

~re connected to :a :llO-volt ::altornati~g;currc 

a lamp bank which"roduced;.tho volt 

to about 18 volts. ?.t~ths'opposito:~side, - :/::•.,- " •.:•-21 ..... ./:,: 

rRotor scalo~ ...... ' ..z.. :- :'::: wnsa~high 'rosi'stanooiiwiro,.}:-0ne.(moter!21'on~, :oa6h./! ,2:,:ii 

end of v~nich vms:connoctod~.to;~one of,~:tho,:torminals,~.by, ai_h~oc,~_. :. : 

copper wire. A.:spring -,~ms:;.noces sary.:::,at : one :~ ondl;Sf.:~:this~,-vril 

to keep it intension;under.:.., all, cOnditionsiof:~tomperature, i.: ~ ..... , .: 

A ~ a a~n~ro~uce -:.-,-- ..-c rnr -~,vy~no ur 2~ " .... "~. " - ":' .... f l o v . u n  E t h r f i  , m r . :  On : t h i s  ; r g S i s -  :::~.":"-" " ~•: 
i 

t a r . c o  w i r e  ~'ras a : sliding ' : conte .c t i .  c o n n e c t e d  .~,tlirU:~ a ~.sO.~ ::of,~:o'ar-: :,; ::. ~ , 

phones to a probing,Tponcil, iqi~:passing: rom:;one!_termirml.i.to, ;: 
" J the other the current foll, owed ::paths/~s -show 

line connecting,:, the :tenuirmls. iThe.~ ho avier :llnos : crossing-.~:,~;.., :: 

those roprosont:,lines of.qqunl ....... :: :: '-:. ~ i:-,: :.,.,. .: -- 
po~ont:ial'.~.pib~tOd -:for ;i!incro-~; 

meats of:' 5% ~f-the '.total ~ .pogene i a l .  droop.: .":~~'-•~ It :' v~-the; :" " --purpose: "'•! 

of an apparatus to:detormine,those,;l ' .... .... ines of: equal potential. ~' 

To determ.ine the position.-of..aw.Jdosirod.?potential: , lin0i,.~th e . . ,~ 

sliding contact on the rosistoa~cC wire,:~s ..'placod-:at ~:thc 'point " .... : 

g i v i n g  t h i s  p o t e r o t i a l  and  t h o  p r o b i n g  p e n c i l , m o v o d  a round -~_n  

the salt solution until the telephone receivers indicated 

-i0- 



. .~:., - "::: •. i: '..:: :-:. •.":i:! I . / , 

that no current flowed~,thru ~tho.%Iro,from. , ;: ' ~!:: : :~ : .... ' • :;" : 
'r ~the~slidin ~'cont ' ' "-"" " ',' i . ....... g . act.:. . , .:.~ ~, -:., 

to the probing, pencil. Tho.position. of~this/ Oiht"Wn 

by moans of a system of-.coordinntos FrUlod'.on ~~i:: • 
aspapo r, 

, .... .= ~."> . .. ,. ,, ...... :,..~: i ~; ::~i I ::":~.:; ::, i,:,'.,ii~ ,.i ~.,,,%~i!i.i : ~ 

it v~.,s desired.to £~nd:the position~-of~thofpo:tonti-al-! " 

seating a drop of potential from,.itho~:,,hoad~ter,!ktor~ ' 
. # .  . . 

rosistanco of the heavy ~:'iros : bot-~oon :the:tcrminals ;!~d~i.tho¢ on~s':/ :I~I • ..... 

of the rosi=tcmco v~irc:,vras~nogllgiblOi~and~Lthc!!,rosistanco,~oii:?_ ~ ?~ ".~ 

va:s uniform in cross--- • ~ • .. ' - .... .... . .... , ....... ........ 

from the hoa d~.t or t crminal .to :the "s l~ding :~contact i was ,~4~[o: 

the total rcsistanc " " - ~:i.i i " ~ ~. ...... '~i-~!:-~i;:;~:.: -.i. 
o bctrmon ,!~tcrminals and ::th~!ref0r0 ~,.tho~ peron- " 

ti-,l drop to,~~.~his point~wu s ~4~ of<,tho~i~otal potential ::;drop. > ;/i :: 

:,~on the probing point vmslplacod at any spoSition~iin,i,tho~!salt .:,. ,~ :::, 

solution n current would :~lo~from-:tho , '.-. . ' " .i: .~:": '. .~ :~ .~i 
• r o s Is t=nco •~.Wi r o .-.,to :~:.tho ~ :. ~ 

solution or visa versa-if,.thoro.~eas~a difference of' potential . ;:'~~! 

bct',vocn those points. When the probing} point roached :a~pomnt/~. ..... . ~ - 

whor~, the hum in the receivcr.,:stoppod-..it.~indlcatod~.no.curr.cnt : ... 

flowed ~nd that the potential at " ; ~ 
the probing ": '.: 

, pomnt:v~s the same 

as th,~.t ,~t the contact point on the resistance :virc;. na~ly,.a 
/. 

4Q:~I of the odt(, -" 
• - n t l u l  drop, By, determining the coordir~tos of  
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 ii :i i i ii! i! i iiiii!i!     
several points of. oqual~:potontial ~ and~!Joinin.~, thom!~th ~ia~i.lln~Oi'.:::ii°.!i~!ii~:?' " " 

the position of the line ~of~!~oqu~l :potential 

If it was desired to:detel~ine~the-~potenti~: 

point in the salt solution,-i~:byi~.placing~Jth o 

and moving the slidin~ :eontact~:..until~It..~:reaChed~:a~..i 

potential as indicated~by no.:flori!:.thru".~the~reoeiVer 

tial of the probin~polnt:could:.be::!de%ermined::fr " "~ ": "~ 

of the slidin~ contact. :'Experience :'."rith :%h 

hat poten~mal lmnes could...-.be ~iocated:vrlth a~hizh dezree:'of " - '" " 

accuracy. To check it an oxDeriment o;~a:S. ,e-nformcd.,wi,.. :.~ :. . • ..:p ..~ , .~h..the:- ... -. ~ : . 

tray clear and terminals '1. $ : ~ " 

tial lines With this:.setup.for-:equal '" ' ..... ' ~ :--J:" " :,pot ent i~: ~i~crement s ~: ~ ~i ~/:~:': -,~ i 

should be straight, equally spaced linescpar.allel~to.tthe~..~er_:.....:: .~:: ::.- - i~./;/ 

minals; and the re~ult~ obtained'~agreed<v.ery :!closely~.~th... . . 

their theoretical i position. . - . 

Having obtained a:~complete~Sot of~po~ential.~!inesi : ~: ,:~-.... 

the flo~-, lines 'could.be drawn~:in~graphicdlly~,.~dth~:littie.diffi, " - 

culty. They could however bo,:-constructed,~olectzieally!:;~,i//:i , -. .:.~. 

changin~ ±he terminal-~, m~king~:thei:d~m~:a£d :.sHeet~:piiing:of" ": ~. ~: 

metal to for~., one terminal, .~and !placing 'a!on~ ~!.t,he.:bottom.,~and:: i. : .""i ':: 

side edges of:the tray:a;.motal.striP~to.!form the.~ether.:~orminal, ...i 

thc former tv:o ~terminals bein~.reolacedibY.ai.ncn.conductor.. 

V;ith those no::" terminals the sot ef potential ilines.would :be 

identical .vcith the flow lines for the previous %ermlnal sot- 

up. 

k 
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Many .variati ens ::~.in ~th 

By using a longer ~resistanee~%~ir " 

;mhich permits a more accurate ilo • • ~,."~" ':'~t"i ": . .." 

The voltage -limit -iis '%hat rthioh ~v~] ; ' .................... - - 

current to flow thru he ~:resistanoO:~wire :,to:>heat ~-.'.i%~;.un~duly,i!/~.~:.:<..ii :/' i i~ .. :J~:i " i:. ~i 

. . . .  . . . . . . .  

vacuum tube amplification a ~loud ;sPeaker:,n~y:'be.lusod:::ihStO 

of the telephone receiver. !Sheets.~o-f vo . . . . . . .  ~:. ::~! 

been used in place of the electrolyte, i:'Thoir.~ 

easily altered _than i:the, shape ~of !%hO.:;ol6otrol ~ 

resistance is so lowthat ~inorder!i:t~ .... ..,: 

tire detector is required. :A .p~ntograP~i0 .,.:~x, rangdd:~o:i:pl0~~!. ~-. '.-.: .. 

the position of the probing point~"ona..shoet :.of.:papor.:v .... : i..:-::..- . .... -. .;~!.:! 

materially reduce the':~labor of Eraphically.,,~rosen%in~Stho~:r0, :.!:;... j! ;~.: 
• ' . " 7". t. " , . ,.. 

suits. - :i~ . ;~ 

The electric : ~nalo~,apparatus ':hns~;sovorn'!-indvantng0S .: .... . ~ !I'I~ 

over the graphical method-in-addition ._,- . . i. "~- :~o~'..th0 ~fact :~that "it ::'~ .....: 

o f t e n  permits a m o r e  rapid :constr~uction~of..:thd i S l o v r " : n e t , :  :In -- 

t h e  case of flow bonoath.dam~,~.as:.illustrated.:by,.Figur c 2,/.it ' 

gives the pressures directly. .S~nco.:tho r.~the~atica] :0xpros- i 

sion for the law of flo%': thru an Oioctrical conductor has .the 

same form az that for the florz of v~.tor thru soils at ordinary 

velocities the drop in electrical potential in the: ~malqgy ii 
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apparatus will represent 

pressure in~.th, 

the potential 

,. ....... .. ."'~ ......... . 

.,:i. ., : ' " ". ..... 
L 

i 

....! 

the total pioz ~" iiiiiii! 

One of ~%hc ~. hu- 
• ~ , . . . . . . .  ' ,  . .  :, . . . . . . .  . . ~ . ~ ' .  

analogy is that -it permits ~'a,.~solution~:of,':tho probloms~:v~Ith"{throb:,-...:: : " ' 

dimonsions .:Fore, example, ~:e~:~i£'¢'" ': ' ' '"' • )%V@rS ",  : '" 

for the Boulder'.Dam !.it :.;,~ . . . .  

of the current s approaching ;,th~ ~c 

duce the obstruction: offered:by 

trashracks to a reinsure..'~NOipractical-,i.~,.~V:~was.:i:foUn'd,~to ;"do ~tl~is 
• .'{. . . . . . . . .  : - " . "  ' . ' . :  ' ," ,~:  " : , ,  i' " " . ' ~ : . '  ' , " ~  . : : '  ~'.,~. ' i ' " : . :  . ' ~ ,  - . '~  : ! ' / "  

on a hydraulic model of reasonable i:-si~Z:e.:::ijA:k:~d:dl~of;.i~ {,?/ 

as determined by:hy&raulic experimentl, a~s.;:-simulate~ 
r 

pending division:of the eloctzieal current,i:~,secure~ 

ing the position.-of :the electrode 'iD.i "iThe ~potentl~l:'!iI1nes: ':" ' :: ~;" : '~ Nlorrn~.: " " :~: "":":~ ~"7., :"~",~,':, 
~.'-:,v, ? 

on the fi~ure, w~re determined ,bY ::means ~of:ithe !~nalo~..:"~Th'c!ii:";. -,: . ~ ..i. 

direction of flov: at .any ,point:is.atra~right,angle,,tO~these :.: . " 
- .1 . • / l l  

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

lines. Other three dimensio~l problems ~;nhich can be:attacked, " " 

:'rith the electrical analogy are .tho pressures beneath dams in 
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- . ; . , :, 7 ,'Yl . '. :i 

! 

a n a r r o v :  c a n y o n ,  .."' x .4 .."'~. ' ' 

dam in-.such o. situation, om~tthe'"P.io;¢t'.;of;,'.v:ato~'}!droundi~he-;~i' ::i: 'i'i/.:':.i.!.":!} / 

abutments of dams :on" perlviSus ~foundati0nse.. '" 

ANOTHER M~THOD 'OF ~FLOWtNET CO!:~ ',~" 

A ~mothod o f":dev610ping i:a ~fio i: 

d~-namica i engineers !- 

* ~$plied Aer'od~m.' ics?-,:Lsonard:-Bar-stow..P.. S61..:':-.~._ _ ........ . .... ,. :..~.;-0.;.. '.;..:-.;. ,.; ; ,: 

Its application.to ~tho ': 

limited. In .co~ne ctio :i i 

a method of combining 

able in the solu~ion:o 

flow in a-rectangular: 

anglos z~y be analyz6;d::~s,a 

the flume (Figurc~'4K)~and '~,a 

wntor in both directions ifr, 

directions of the water .:cur: 

found by supcr impo s ing :!~he 

the lines joining the inter: 

" ' i "~'" " " b " " the tn.m, systems as shown ..:on ":Figure ,14C, :it v~iili! c ~s0on i_that :,::.;, /:- :; :,,' .- 

a~. any jpo~t the .-reSUltant :of: ' ::' the combined flow direction.. • , 

the directions inthe two .szmpler,condiJ~ons. ":The agreement ..-; " 

bot~,ecn tho currents thu% predictcd.a~d that actualiY obSorx0d'"! ~ / :-". :{ 

/'or a case experimented upon.at:the :Institution:of Hydraulic 

Engineerin G in Vienna*,, is sho~rn on Figure ,4D. 

** ydraul.ic Labor'atZory Pre-ctice ~FF~e-'_ma~ Page 428 
, i - -- i| . i 
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, ,,,'.../~':~ i~.¢' > :7"7 ' 

The": the ory.: ~f ~eho ~elOW~dt;" .~ as\.':ap~,li"~ 

"~ ~. ~ . . . . . . .  

not a ,perfect. Tluid, put ;i~:~,,.ilcases/it ~ .... (a6%ii~ 

tKat of'a .perfect ~'fluid'that:~no,~appredid51o ' 
', , :. ( ., :; ::. ,. .... .", 

in the as sugption. -,-It ,:can.~thorofozc :not Lb~"!~appi 

.:imp.~.ct 'lossos -:~ .... ' ..... " "" " :"~"~" friction aro :/appr ec ia:bl O,: .::/~Wn o ~ 

accelerating, .for example, ~:as ~ low,~:over :a :rmir ~e 

an orifice or..under a .~ato,>t} 

v~th considerable ;accuracy, ::b~ 

-- -~mpacm ,~or edcly-- 'its sea .. are : mor~ 

,S :invo, 

8~I ,,',,OP OlS% 

o 

..-.: 

;: <.,, ,.-. / , %., .'-,: 

i/! 

suits-are apt to ~be :less ~reltable, ."- . . . . . . . . . .  " "  " " ' ~  . . . . . . . .  ' " "~. F l o w  :thr.u, sudden , l e x p t : t l , . s i o n s , ~ ,  :,:':')i. :i i" ~: :~ .J - 

such as'woul'd ~be :likely!'%0 "~ 

analyzed. The accuracy of t 
-. 

sis v,~th ,the flow~of the ~wa't : 

upon the closeness ~vrith v~ic - - C :  

the action of a!.perfoct fflui " 

in deciding on the :probable re] i 

In :its .use.? by ..the ~)Bureau:iof ,Recl~iSn; of.-:%ho ~iov) ...' ,.:? i:.. :2 ;::!!!i:~: 

net and electric analogy :for !the ~solfitiOn;of:hydradii6 prcblo~ : ,: ., 

i a=siatance has ~been given by :~kV persons, .among.:)v&om.aro th e" ) 

following: R.E. Sloven, Clarence!Rawhouser Jun; ~Az~. :See. i:C. E., i 
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