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‘Danvor, (‘olorado
April l s 1934

MEMORANDUM TO CHIEF DESIGNING I:NGINEER :
'by Ee W 'Lane, :
Reaearchy Mgineor .&

Subject: sThe_ uF_‘ln’v.r Netand 't'.hu J'.?‘iﬂie':é,tni ‘Andlo g

orfioe use, in the f.‘orm of u. d:eohnicu.l memorandum,.




"

- THE ‘FLOW NET AND' THL ELECTRIC mm.omr L
‘Bs We LANE, .:F,.:B.:.CAMPBELL; ‘W, ‘Ha {PRICE: "% " "
RESEARCH ; ENGI‘IEFR -ASSISTANT ‘ENGINEER .

‘AND. JUNIOR ENGINE&R“'- ESPECTIVELY

makos tho solution. of ccrtain problema possibla in tho-of ico

~whieh formorly could be solvcd only 1n tha hydraullc laborntory..:i'y

The electric analogy ig an- unalogy botwuon the flow of wntur -

ond the flow of eleotricity ina. conductor of 31m11ur boundnrios,"

By the use of this annleogy, flow nots cun1bo~rendily.constructed

for n groat variety of simple and cven cotiplicated oasos,




s0lve .n varlety of problemu.:,Tha mngnoti

not**, It wns uood bv Hlndorks*** for the:

ok Stromungsuntorsuchung on’ uolbstatigon’Saugubarfallon-ﬁanovoﬁ
1928, . i o : ‘ o

subjoctsokaik, It .so0ms - first to havo bocn introduocd in thla

wxkxDor Eiscnwussorbau Vol.:I i

country by Dr. Fracmnn in hls summnrios of thaso rcporte.***** fJ

*xkwrHydrpulic Lubcratory Pructmoo pp 635 618

Some work hns boen dene with ‘the flow net at tho* Univorsitv of_j




graphlcal:maps. Tho mathamatlcal thcory
subjact of con;ugntc functions.' In'conformnl

thore arc two famllios of curvcs..H'

or simply the’ “potontial" llnos.- In thOxpropogation

and seund wnvos from n p01nt sourco, tho conccntric sphoroujﬁrn

‘)‘_

roprosenting Burfncos of" oqual 1ntonsity uro ono fnmily whllo xho

raodial lines fyom tho point 5ourco -aro - thc othar fhmily. Thus. {5

‘the genernl conception covors: mnny ’iolds of npnlicd acicncc.

Tho thoory of conjugnto functlcns ‘has long buon used in olectri-




structuros. Lincs of oqu lrrato of ch_

be us sd. The stream linea nregbrie]]y the path wh;ch he -

squares. The. equutions o:wi“w

'curveS(areu*

is enlled “nnblnﬁ. Theae are. known aé,the anlaoian equntionSg‘

and as indicated in an above puragrnph have: many uppllcations.'f127- *'
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* ‘A poper on-the .;mathamatical‘;if‘.'heo
the Society: library. TR ETUE P o

mentionad. It ho.s br-on used by the Eur au:

being po..,rblvc prossuros n.nd bolow be:.ng ncgative

tively. A model of ‘tho. cro.,t v'as also constructc”".nd the shapo of :

tho nappe and the. prossuro'; on the erest were observcd.-f'Thc agroo-

ment of the prcdictud and - obsorvcd rosults is very s riking. ‘Simi-

lar flow

nots have bocn construeted to dbtcmino thc prossuros oxortod

on drun gatos on.a dem crest, to aid in. their stmctural dcsign. : R

L




materiale By means :of:such

¢loarly visualizod. ‘A :sorics.oi

level at p01nt 0. ”he potentlnl

circle with C as tha" center. The c eticnll:, the rad:lue should ;be. _
r‘infimte, but practlonl‘y z' rrdlus two cr three tlmes 'tha hea.d is

gufficloent.

Tho flow net may be started {rom the potential -‘l'ineaﬁ:.ro.

Tho net can bo made up of curvilinenr rectanplos but the curvilinesr

aG—
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* Rccen‘t: Expermcrrts onthe F‘low oi‘ anr. over - .Velrs--Tr_ans_.l*\tod 'f'.“?
by ‘A« ‘Harichal ond-J.<C.° Trmutxnno—-"roc. Engrs.iClub: Of"PhllO.o -
Vol. :IX pp 231« 238-1892 and Vol. X pp 138-—164—1893.

l1ish the boundnmos. ' »’horo 'bho boundara.cs aro not cxcflnl oly
loc:v.tcd certain ccndltlons arc o"‘tcn kno"m v.-inch nid in f:l.xlng

“them.  For ,oxnmplc, in thr- i‘low ovor a: wo:.r or -.dam crost.- t£ho; ""

':vclocity'at any point in .the frce .surfa.coa ids.equal to tho'-vol‘o-

-7-




words, thesa: wolations becomo 0 conditlen viiich t

two general ¢

at all points

:y o 15 reﬂossur\ fﬁf’

lish the scmlqr vnlue ﬂf volocit--

be done at- the free wnter surfnee iL

tdﬁloéaﬁithnﬂ nccurabely i:

s known,.glnce thn vclocltJ nt hny p01nt Ain the freo Wnter :
] .

surfoee i that ocrresnondlnr tn ity distqnce bclow the rcser-f_n

voir level, Tha: vélocitios in all otbcr 001Afu &f +no net sn

vy -

then be computed, sinee they nre tO‘thO.Veldcity.at.ﬁ in-tho“

-§-




. points. If the 'pos'iitib_n ‘ df‘_,t'hd re

llshed and reflnod

v"{k
is mnde: by tho;cuta

be computed if the

,n

the pressurcbe:ntfunyinthcwipdiﬁt B

by the Pormulq PD TN hb"“ Vﬁ

25

The nloctr:.c anni oqj appqrntuﬂ wryftqke many iornsm_,

o

Jthown -on FlFoﬂz whlch UEEE sct up uo study the

aimplest used ‘is

. flew thfough the

s0il benenth o utructurs aculqg ﬂs dum.fi;J

It consists of n.shnllov trough with plate glasF bottom nnd

aides, provided W1th meons for aceurnte leveling, =nd filled “to
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& dopth of. say - l/% of an inch with ar

n uolution of common aa.t.HV'

o nbout 18 volts. _-f'ﬁ.téjthé_":"'bpp_ési}; |

V'To dctcrmlne tbe poultlor of Mny doszrcd potenthl llno, th

-givzng thie potortinl nnd the: probing nencil noved around 1.w

the salt solutlon until the talephonc rocolvcrs indlcated




that no curront f‘lowed thru thcxdroi‘romthe slidi
to the pr.ablng‘ poncll.‘ Tho posi*ion “his:

by monns of a system of coordimtas rulod.

benoath the . botton of tho ’

it

rosistonce of tho ho“vy wiras :bo't:wocn thu tcrm.'ml-.,-.un

of the rosistence wirc ¥ noglig,iblo -

w5 uniform. in cro"-'rﬂoctlon '\.nd rosi b

from thc-hoadvﬂtor tc.rnlxml to tho l

tho total rcalﬂtnncc b*txmcn tf'rnmul c.nd h-.

tinl drop to’ ahl., pc:nt wnr 40"; Q-L tho:" "

“hon tha problng po:mt s plr-cod ::\"

solution n curront would flow i"ror.

ecluticn or visa verss Af thoro tm.s v dlff‘ercnr.:uo.oi“potontli":

betwoen these points. uho"l tlw probmg poa.nt rcm.chod nmpomt

whoro the hum in tho r°°°1"“—"""t°PWd it indica‘cod no currcn’t R

Tlowod and that tho'potrnt:v.'\l ut thc probing po:.nt yms t:hc' snmc*"_l':

ns thrnt nt tnc cortnc't' po:mt on U‘m I‘BulSt"ncﬁ °7irc': n.muly, a

40% a2 +the notrntml dmp. By _dotcminmr the .,oord:w:xto.. oi‘




the flow lines- cculd be drawn 1n vraphlcallx ~1t

culty. They could howevcr bc coustructed clﬂctricnllylby

changing tho. tcrmlnals, naklng the dam and sheet p‘ling of

metal to form one terminnl and pluclng nlong the*bo*tar;and_

dide cdges of the- tray o matal strlp to forn the otner tenninal,;,, RS

the former two-terminals oozng renlaced by u ncn-conductor. fﬂ¥j
“ith those new torminals thﬂ sot- of potontial lineu would he
identical with the flow:'lines for thc,previouS‘tcrminal'sct-

UDe




lovr voltngc acrosu tho tcrnlnnls mu'

tivo detector iu-roqulrod. :

sults.

the casc of flow- boncuth dans, as 111untratod by Figuro 2 it 7ﬂfifﬁ?  B

gives the prcsuuroa dlrcotly. Sincc thu nnthcnaticnl o prca-u53fﬂ

sion for thc law of - flow thru an oxortrlcal conductor hnﬂ thc
same form as thnt for the flow of wntor thru"oils ot . ordinary

volocitics the drop in oloctrlcal potentinl in the analqgy




of the tover and
representing theﬁé:
the tower ?isvr6 
as deternmined by'h
ponding division -

ing the‘pcsition

direction of flow at ony: polnt is: Qt a; rlght nngle to theso

lines. Other three dlmenulonnl problenu whlch cqn bo attncked;

with the electrical. unulogy are thc pressurcs bcneuth dams in

c=l4m
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the twb»systems LY hown ‘on Flgurc 4C. 5J

the cowblnod flow dlroctlon nt 1ny po,nt i thc rcsultant of

the directions in- tbu two 51nplcr conditlons.- Tho agrcomont
‘botween tho curronts thua predlctcd hnd thnt actuallv obsorvcd

for a ease expnrlnnntod upon - nt ithe Iratltution of Hydraulic-ar"

Engineering in Viennn*x, is showm on Figure .4D.

** Hydroulic Laboratory Practioc - Frecmnn Page 428

-15-
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thas of "o porfcct fluld tha

in tho assupptlon.‘:lt can*th rufor

analyzed. The accurncy or thefagreemont:of the flo' not
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