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.Since Technical Memoranda NOs. ~29-and.430 ;~were-;iv~itten in . ~. ~'i':;: 

January., 1935 (prel±mlnary .reports .or.~del ?studies ~o~ :~ropOsea~.':- : : " 

dosign of ~ p e r  ± a l  . ,Dam) . t h e " m o  d e l  s t u d i e s  . h a v e . i b e e n "  c Ontinue'd;;;% :I; : ~ '  

ares} .studies. ' The original .cres~,: ;as,if 

in f i g u r e  l ,  mad : the  f i n a l  des'1 

were several reasons for profil.e', .perhsps! tlm::fOrer]0:St 

was the fact .that flow ~over ,the .original ~crest'i~rbduced of which 

negative ~ressures on the ~ownstream:face.Of-~ ) i, : ~ : ! 

~" " nl • . . . .  ~ • the crest. 21gure 4 ~s a,~_oto~..these ~under.pr_,ssux 
2 

. ~.~ j . '  .,., '{,~ . . , . , . '  . , . ,  ~ - .  

discharges. Figure :5 is a similar ~pl6t for the ravi, sed :desl 

The slightunderpressures occurring .with:.thLis:)aes~gn a~.".tg~ (-hi,hesS, < 

dischar~,e~, is no~ _ __ _ssrlous, : " ~ ~ "  ~ : ~ :  ~ ~  becausoof:~;i~s~:small::,magnitudo,:. , ..- . ......... 

cause the new. design foresees-.anc'horing. ~he. .  slab :. oZ o L: .the.rlbs .of ~ h o .  : 
. . . . . .  ~ . ;  

dam. 

The head discharge relstion'.for .the ,two :cresti sha~esi , i , ~ : t h ) t  . . . . . . . .  

coefficient ,curves, are .given in figures ,8 and 9. ~, ., " " . 

Studios-were made ~0 determine the change::0f!ie6effici~nt :and: 
v ~ 

Figure 6 shows T~his-J; .... 

consequent increase of hoad~ov~r~h~damfor ,~ 

with the floor of the approach channel.raised. 

effect. Th~ studios were made to roprosent the condition wh~oh would 
[ 



curve for .the ~,river 

the river ~low :is .'re 

the dam, may re.trogre 

the tailvgter : .rat ing 

shown. ,Hence. i t  ~ts necessary ~to D~ovide i f o r  ia :targe:.r~nge :O:f! !t~i!iL2 ! ~!::i 

water level in the. design .of 'the stil~li, ng:...pool..:,~i~e :~:,th~-.-:.model ~!~, , : 

studi~s showed that ~i.t is oossibl.~.".:t 0 cause a ~hYdraullc:~ilj~b~%O~;,form. 

on the a.',~on ,with a ...~, 

mum discharge :o£ 150,O00:~c..f~s, bv'imeans 

a high river hod below the :aoroni tho':i~i 

river bed were ~doemod :inadvisablO~and:.~he .;t~ 

be questionable from a structu~.al ~t~~,~~4+. ~_ ........................ 

the dosi6~ shown in ;figure '2 "i 

satisfactory hydrauLic .jump aS 

the ,tailwat3r a.t ~or above gle~ 

not move ups.tr~am .enough to".form .o~-~r ~ho .iholi'oW :,p ;~bf...~tho~ am, i '.:::: :i:: .,.i: 

until the tailwatc..r .climbs :±o .Olev,' :168.5., for :adlscharge of:~50iO00 

Figures i0 %0 13 show a number of the stilling pool l~you~s~ 

which wer6 otudied, and figure 14 is a resume of the tail':rater ranges 

for these designs. Fig&re 14 ~shows the tailwater which makes the 

-2- 



Jump form on ~he ,holl~ ~geL~m~i/nlmum:ita:i~water 

whlch Will form-a Juml , the~-range/i}~t~e~ni!~e~eL4i: ' ' ~! 

ooints, .for ,a ..~i, . : ~:.".i ~,, 

of the ~various :s: ~S,tS.,! :~Fig~e.:.~:6".i::i,sia?ii1ongi:tu:gina~ ' .,i .}:i:), 

profile ~of 12" .i:" . .,, 

surface 

In .all, 297 :eomoarative"'runs .werd-imade~ion"ivarious".permutati'o= • 

and combinations ~o~ about ~70 isills i ~together;}gi~h :.var±atlons ,of the 

~ ..... :',~i:~ i ~ : ~ i:/: ~i :~:~ ii! .... 
ri,ver bed below,:the ~.~o0:L. " . :, . " • 

• . /j 

t 

ingly. Subsequentlz, the ~slui~cewa.v~was.~en~arged".t0 ~i, nclude~8:i~ 

wl th a corresoondin~ ,dlschar~e ,o~-~.~ 

a s ,~o :d ginall 

s+r,~c+~r~. ~ ~ ~. ...... : .... ,, i~L: ~,~ ' ~ .:!i-~:/~ :/~L::! ,: -~ ........ -~_~, ,,,_,,~.~ the entire 

z'lwater .~condi~,tions 'bel6w<:~the .~slulceway. :.i:'iii~)~i The tmCertainty of the.~6ta" ~ ~ • 
f 

made it ,necessary --to • de~clo~ :.a ~design.,which :~would Tuncition:L~safely . ,.:: '~ 

at e .very low .tailwa~e,,,-e~levatio~, :and ~.would"ia.ls0 ,.uez~orm~sa~tls~ac- • 

torily ~i.th a normal,or ,high ~ailWater leveL, i~.The ,rating ~ curve at -'" " 

at the damsite shows a water"surface .e~ovation~of,~about. 159Tor a 

.-3- 



i 
d i s c h a r g o  :o f  .16 ,000  'c . f  . s ;  . , I ; f - : , tha:~; r ivor /er0~ 

and Lagtma the tailwa:tor ),will :be l~ower " than ;~ 
' ' "  : :  " f , "  ' ,~i ," '  . " : ' ,  " 

curve; may   o ceivabiy  o -to 

i s  a~ El.  1 5 1 , .  ,the .Laguna 'gaee'!,si'i lf.".'is':ia[~ /':'Z'I,'~ 

16,000 c.f.s, past ~Lagma wilJh th~ 

r / ,  - , " •  

f a c e  e l e v a t i o n  o f  a,bout., :"152,.. a t  . Laguna , .  ~ ; m a  . . . . .  _ es  below::....:. : ;!; !'i:, " !;11''I17;: ~, 

Imperial, and the s~6ne :between ~he two :would:bring the!water_ sur- !' 

face at Lm~,erial up to EleV., ,154, If, :i~ ..~i 

becomes choked with Silt .and. vegetation.,,th-~..tailwator .may .~be .... ' • .I~ "., 

higher tha~ shown on the rating .cur,v . - ~'. [~ ;.. /~: .~. ih:;.? :~ " :~ : ~i"i;"MT~ 

JDoublc noel.. ~.t first;, consIdoratlons ~of the.,sl 

cost of the structure as ~a .fun,:ttien :of ~:the:,uplif,t :,~ress,/.ros,.-and ,:.S:: :. :;/ • 

necessary .seopa~c length i~led :to-:tl~el deVe].owm~nt~.iof !:a.is~iiling:.,.Uooi 

design which insurnd d~ss~o~.~tion 

jura.us" (fi&~.es ~? ,and I 8 ' )  ..... ~or ... 

hydrau!ic ~jump was, formed in.!an. .... , 
- • - . . . > - . ~ - "  :..,:..~ !-~.,:- :i : i ~:: ::-i<i - ~..- ":i: J;": ~. - • 

elevation 146.. 'This ~ooi-w~ ° ,term~.natod ;;~,t.i,ts ~16wer :end :bye .den-. i t'j~.: 

t a t e d  s i l ' l i ,  and s r a i s o d  . sec . t i on  .w.hich; , i f  ~he"iiai~Wa.ter':dr0pned"."-:,.i~"- ' : : ~ - .  . ... . : .  .. : . : ~ . . .- . :. '..-..~:.~:ii~[~ :f~: 

below the rating curve ,value, -ac~ed as a control .to hold the hy- ,: 
• , . . . . .  :~ . . . .  - . ~ -  . . ! ,  

draulic j u z ~  in the still:ing ~pool. In passing the control section:, 

the wster acquired a veloci~.v g2eater than critical, mnde second 

hydraulic jump formed. A deoressed floor at ~lev. 140 ,with a sn.al~ 
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sill atfits downstream,end, was ~PrOvided !.to hold ~this~see0nd ?jump ~ 

in its ~wroper place, o ~ ~/~i~/~.~ii i~,i~i ~ ~i~~: ~.i, i ~i~ ,T,~: ~: ;. : ~<.~ 

• Slooing ~ aoron.. ~-~an ~al'.ternate ~laYout ;-~a ,~design-~ws s~roposed ~ • 

hlch had a ,long aoron.sloping~:gently~e~l ~to %4. ,from ~ithe >downstream 

end.of the ~i[!~ ~i:~:. 

enough to in~ure 'the:~formati0n ~ofil a ~satisfac~tor;Y::~:~jumo~:at:!~any:,~alii.=,~ .... ~-:!i.~i~ 

. . . . .  " •' 5 ~ •L', 

water from Elev. ~154 up, ~.end :!was ;Chosen TOr. ~.the .:!fi~al:'.:desf~.~ ;,,;:F, igure :::~ "i 

19 shows this '~.oool, With a .Wa'ter':surface~.pr~f~le.. ~~ :" ~~ i~~" ~ ~ i~ 

Detai!.s,of noel. :Th(~ snec~Bl.featur~s ~of, .~th~ -.stl!lllng ~Dool-, . 

include a row.:of '.tootle.at .the -:toD.i!6f ithe,si0~i~••:~'apg0n,;:•~!between.i.the ~ . :. ~ 

pier ends, a second.ro~,~ of-:.teeth~i-at~the:: -~ d~Of.;ithe ~ ' ~ 

• ~. ~ . -~ . . .... ~ ..... !'<~;. -~.A~!,~.~.. --~.i ~ .~ .- 
apron, anda ~row ~of -'.tecth,or:"bsff~e ibl~cks similar:.~to~,!a~Rebbock.~i;~ ' .... ~, 

dentated:si!l, at~he .dcwnstream~ei~d~of,i~.the.~flat~ipooi.~.if..106%~..~ ;]The 

" ". " . ~ ii ~ ~i'i:~.......~.~i . " . ~.~,~i~. ., ~ ~ . 

two sots of teeth ~.o~ :ithe~ apr0n ~!aro:,place•d ~ ~:~::i:~h!th~!n:;~i..O~ge'~ ;~u~str~eam . - ~i 

so as to receive :little ,~or no :~impact.L :.~;~Th~ir;ifunc, tion ~is ~;thaZ ~of 

c orruga ti ng :the, ~hi gh-velo c i tF 

friction ~}is ~gneatly 'increased, ~and so ~that Ith~ 

'lic jump •has ~,a greater ,surface ion ~whfch ~to ~wo] 

downstream end of !the :,flat ~pool~Tloor ~act~much.as ~a i,~Rebb0Ck "~ 

submerged roller :is :formed. downstream :~from the Jsill j ~whiCh¢ ........ 

cr orevents scour .~of the:~river ,,bed. " ~~ ' " " " 

Additional feat~ires. ~,~easurements were.made ~in the !model~of 

the pressure on the crest, onthe .aDron, and under the j.ump, to aid 

-5- 
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' • - ' ~ " "~" • ' ~ "4 r m ~ , - . 

. o + . ~ , ~ ' ~ . , ~ ' ~ 1  e s l ~ - n  ' o f  . . t h e  . s l u i  F . . . . . . . . .  ~ . . . .  , . 

" ; i ~  ~ , , , :  " , ;  ' : i ~  * " . , i . :  " ~  : ;  ; ' c. ; :  ' . ' /  L .  , ~ ' ,  . . . . .  

ious dlscharges, ;and .with :sever*al ~ta~i 

case did the ifiinal:~deslgn &~pi~ho~ q ~any.~tE 

ous performance, or:harmful :;Scour i downstre am ;'from ,~h 

• About 17 0 ;runs "ware made~ on the: '~ Si~ic• ~ ewaY.,: ; and ~the se,i:t c 

studies o f  ~some ::20 s i l * l s  ~Of - v a = i o u s  ~ d e s t g  ns''~r;i~j~:~:i~ : *L: ~' 

~ . e  1 ' : 5 0  scale :m-odel  ~.of :a,~;~;sect~on ~of/the,,.:~IPer!e!~D~ ; 'P-e'rmeable)~ :~ -:::.:.:~; 

foundation has rnOt yieldea the :r'esults :hope'd~/for,; if.t ~has.;/iudlca~ed: : ) 

thin s *-however. The/moael:~;. was:made'~°f~sz'%~~i-*--- ~+ other interesting~ - g , ~ ~ . . . . . . . . .  . ,  ....... ,.,-.:~ ~ ,~;~,';~r~ 
~÷~s ~ver., ~ne ~matezie] - ~ , , ~  ~ - . -  'is .~unsuite ~ d ~ ; , ~  ~° ' 

. from the damsi, te,~ and . . . ,  brought 

for model •Studies- It ~is uractically iimo0ssible to ~' 

rial in the model :so -~that : • i t  -is :;homogeneous:rand_ ~com~actLmnL 
~A 

:in  laee in. . •;i :_ r 'i: air. Once the si~It :is 

~-,, 
is very slow,, th~ :numerous :P iez°meter~!'°penin~s~:a~ 

: . ~ t : a ~ ~ ~  _ -  <consistent. ~ '  ~ r ~. '~ :_ ::" ~...'. : ' '~" r G s u ~ t s  ) n o t  a n d  ~ h  e a r ~  

wh~l{*:id~veloped:c ~ - : : . :  ...~. 
~ f a c t s  Tv2 r i  " 

and out of the silt :bed. A blanket ~seem::d t o~f°:~', ' ~ ° v a r  :~theliS u r ' ~ :  ..:i -, ' ~ :  i / /  
• • ~ * , .  - , , ~ , . ,  ~ ~ -~-~. 

face of :the sil:t where the ,water entered the silt~ "~Od' " ~'nZS L ~O~an~e--'~-- ~ ' r : : ' "  

~ J 

increased ~the ,entrance .iloss" ~of 'the seepage : .~ru~'~-~o ~ea~,,<:~.: 

~wher ~ )~b i ~ e  ~ ~ 
and ,is a condition w~ich wiil:~pr obably occur in natura. D 

in the :prototype, will probably hav.e .relatively much less 
; e~fe.c . t . .  

The flow of water out of the sil% bed was through ;a reversed filter 



made 'up.for ~ success:ive layers .,.of ,sot.ted :~san~ ,o~ .,~nereasing .~ean ,dia- 

meter.., ,:and the ;re ...... ~.excess~v.e~.,:~oss ~through~s!t~i:s~?'~i?l~ter.,:~:i": :: i.i 

Th~s : has ~:,le-~ ,to ,.a .more -careful ~study~ 0~ ~the,::dfi~ter :.idegi~ ' .~su~ol"g-- ~"; .:'. :" 

• men,~ed .by fu~tther ':exp. erimental dnvest~gatlon~cof :i~the--if,~l~ter ~alone.:.': '.-...~.~ :.,.. G' 

.These -investigations are'!..now~in .,~rogr~ 
.Q 

-Figu~e 20 "is~:ia:plo;~of the::~,res~ure .;-. 

measured during ,a :~run '~-nTwhach :.there swas ::~-lo~ ~rom ~headwater :.to -- - "~ 

the drain, ~.and .no ~flow ::ei:.ther :ifrom for ':tel the:,;!_tg~lwat¢ 

cessive losses-at~en'trance to .the.~.sllt~layer, . . . . .  and .~ough ~tge.xfd~l~.:,.,:-; 

• t e r  m a y  : b e  n o t e ~  _,~ :,:. ~-?i-' 

"L " i 

; SLUDGE ~.:SC .... 

• ,  , j  , .  : ,: .i 

..- . t :  " 

Two types ~ofi~ailt 

means .of a full sca~e~.: 

'first was a ~'.4÷foot.,~leng~h .of.~rectangular .:scraz 

,peroendicular .!to #the' )~ine ,:of !tra°~el"~iand"~:accum~ 
"/ i ' , • '-' ~,, , ,, ' ,, . .,~,I~ ~'. . .,. , ,,, . . . . C , ' - " - '~:' 

front of itself :as ~:it'!move~ti ~in ~the ~oroto,tyoq, qthe !sil~t~:~i,Woul~d~:~be - • 

4 

tested .was, a..diagonal~::or ,: snow-plow÷scraper,, ~,wh"ic h .was.~ placed .~at an 

angle to the ~l'ine of travel, ~and~movedithe .-srlt later~T!Z; ',in ~.the 

orototype., a,group of •these scrapers ~on :a :;rotating ~:arm ~would.rmove 
// 

the silt to the center of ~fhe'Vcircular ~area :swep:t by :the-arm, 

,-7' 
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L~ 

.AlLthough ~L~l 

including 3 de~ 

'sults were ~so i 

The diagonal sc 

As ~the tosting 

the final desi@ 

reason, :~no :fur~ 

obtained With ~:the ~r~ 

been ..retained :, .and I,S 

:Rectangular : sc_; 

@ 

• J~ • ~ .~ "~ " ~ ~ ".4 ~ ~ ~ ! • ~,L ~ ~'~ • • • ~'~ '~ ~" ~L '~ ~",~ ~" ~'~ ~ ~"~ ~ & ~ ~'~ ~ 

the higher speeds~were ~no~ much.~largeri~,~!~inimany~i~ilcases' ~ithan~ilthose ~. - " 

required for !lesser ~spegds. ?Both~of 

.the -posslbili ty. of ,a~]gydraul:ic~ . :lubrlcation ..~.... -,. :~:,i~!. 

f r o n t  o f  . the  , s c r a p e r . . .  ~ B e c a u s e  j o f : ~ e l , t h o r : , t h o  . l~ lgh  : s p e e d : - o f , . ~ , t h e  . - ,  : . - . . . ~  ..... .i- 

" ~:pi e Of :iSi~llt i, a scraper, or tha large-si'ze.of .~h~ i ,the ~travpe ";watOr ':'~. 

in the .pores of the material is ~unable :-=to ~flow ~out ~as.:~fas~~as ~he, " ~ :: 

material piles ~up :and the .resul.t.-is-a ~sor.t of 2in~erna~ ihydraulIc ~ ~ 

-8- 



,@ 
lubricatio.u of .the" materi-a!.,~"I/The 

i .. :,-i ~ . ~• ~•-iil/~:,."i . :-.:•--,:,i., 
laboratory- ~so~aper~m~de ::i~t ~v.,.i!~,j' ;~ir,~±cu'~ 

: ,- . . . .  

tions would ::be ~ifor "a, ~.longer Idistance,,. ~; i j: 

.!~, t~ . : ,' I[ i;: '.',.'." "~,'::' '~ 

Another ~fae%of ~.wh'Ich ',w~:s Probably [~.{:.:i[ 

consist~n% refiul.ts of tn~ests i,':"' : ' 
. 6 " "+ x ,~ , . 

the material, ' The -process .of~-~or~ 
-'u 

scraping was a~ways .c~r 

.the :.co ns,zst ferences in ~ ~ "  : 

" " .. : ': :' .: .... ,-.':,/ i: ...... :j.'. " ..: ;!! ....., ....... -. 
:iena'th i-6~,:~travel ",."Of :the [ ): %!: :.! ..... " ': I i'S h0r.t I 

• ; :."! .':"~i i" : . " 7 -;:. :.i 
,. ..... ,.,, .......... . . :;i-/_~i: ...... :.: .-:::.-. ...... 

~i,on./of~ "7.1 
' ~ L~-;. "i~ " ' 

is probable that.the sl 
V • 

.@ 
from that of "%hei:si~l,t ,w 

: ~, Ir . . . .  ~ . . . .  ~. i , .. w :  -. 

The .tests Sd~d .indicale :.ery .,,de~ini~ely:-:~tha~':;i;he' ;~.>on!:~he)i .:...[!.;~"i: ili:.;'{!:; 

scraper 'coul~ :b d, greatly redu~ed.}.by;..~a.?sEi;.tag~.e.:de:sEgn:(bf::.!~h~e.::..~cr.aper7).:2::.i::.,!)~i 
" ": ?7::)" '-Y. ,".. '- .': .-'!.',:i,i,~':::,-?%~-:' .i~ ::" :I :'~::S :'~i: '.<;! ~L:'.'.':!,:',!".~ . '' 

1[ /" " I I J 

blade. A-hor:izO~tal :.,~, 
: /' 

tire,, .bu~."impractica]~. 
/J 

in front.of t~'e .:scrape 

J.: 

necessary, and are fel 

. ~  T h e  tests ma'de:'.wi,~h ~ge diagonal 

scraper, ,.~have yielded very~aceeotable res~Ll%S.. :! 
" :':~' ": " "" ":% :.":7 

~ ,.. ~ . . ~ ,~.. ~ 7 >~: the 180 runs ;have been summarized,:in a :char.te¢(.fig. :'21;).,::which : . ;: o,~ [/,.. 
. .G 

shows the rela,tion ,,of ,the .coefficient~o~ fr~.ctioniof the silt ,.on 

the bottom .wi;th the amount of":sil"t~mo~ed, for .~arious speeds of - 
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u " 

ELECTRIC ;~ALOGY. :STUDIES. OF :SEEPAGE AND:UPLiFTPRESSUReS ~,- : 

@ 

Bof, or~ 

know" the clearances, ~betwe6h %he i~": 

eesser~ 
• ~.:.:~ :~-~i~, i.. 

v~ieh would insure ~an ~unrestricted ~.~fl 

not pr ovide d, .the .up~l±ft ~pr e s sur e S :?men sure d: '~n-%ho •) ~mod e i~: :~ould.:~bo ~,:)!in ; 

error.. The dotorminat: ..... vclth:~an 

electric analogy moaa~,... ~ .  :_::: 
• ~ ! : ~ i '~  

~ z ' o m  ?borings made :at ~h, 

foundation upon ~-~ien '~o' id~m ,:iS :e0:b0 ~pl- -- ~ - - ~ : ~  ~ ~:"'-'- 

Assuming thon a large ::bu%',undoterminod do 

location of a bottom boundary::such:.~hat~.,~ 

position no change occurs in :,the imag: 

~ .model of the _,.under.z.rofile ~of"%ho?~dam 

! 

pyralin to a scale ~of il in 

analogy testing tray~v~thl liboral el, 

The potential lo~s to 18 smgnxflcant !poLuts ,mundor:~ho ~dara TalS:me~sl/rod~.~i,::;~im 

and recorded. The boundar~mes .wore:;moved.mnvmrds :nnd:another ~se%~i~o~, ::,i~[: ~; : 

observations taken at %no :same :~18 points. • 'Iti~vms~~at;c, onoc avidem~[~tha%. .... :" 

the second ,sot of boundary ..... ~' " .... • ~conditions ~vmro-too restricted~boCauso~%ho~, 

potential loss at each ~ rant .r-%d changed by a~out 5 percent. The,:boun- 

daries vmre then spro~..d on all three sides to .%~-m new positions and 

measurements t~cn for each position. The values of potential loss for 

the final position vmro practically identical with those for the initial 



position. This ~ir~l~posi:tion 

indicate that ~boyon~ ;Nhis :~so~tu] 

• .e • i' ' ' ' " " " ~n, changing ,~o, pattern ,:of :equl-poto= 

the boun~ario s :togd~hor ';~'rlth "itho i:corr 
of ~" 

on fig..:A. , - . .  :-:!::~.< : : :!;i.".:..:.:i, - -  " . . . .  

i Upon , o o m p l 0 t i 0 n  ?.of ;~th0It0S~s~:~f0r-:~ho,~dot0r~g~ti'0n .;:Of"~:',,tl~0 : .  :. 

.#~rau~ic :~Imenslons :~'.u:w~'as.caoc~aoa:-~o ~son.~up :::so.vora. :~u~l;ror.on~; .. . . . .  - 

eomb~nats.ons , .of  potoneial .~ lo~01S -~{d:. ' .:05sor.vo: ieh6 ~ n b ~ . ~ o f . : i , o ~ £ g p o ~ e i e a a : l  • 

line s. The s e ~nots,togo~h0r::v~.th!~tho 

shovm on fs.g . 1 to,a. . . . . . . .  -. ~.: 
• . . . .  : :  . 

A ~ moro i'dotcJiiOd:::"a~d::~.complO • , -< 

made ~'~en'a .s cho'dulehof;~hoa'd:~mtcr-:an 

available. :For :tHis ::!i ~ ' \,: 

g r e a t e r  c a s e  o f  ~ h a n d l i n g  : a s  ~ ! : eomoa r . cd  , v r £ t h  ~ ' ~ t h o - i i : s E l t  o s o l u t i O n ~ i i m o ~ d l . ,  ? i~ lho~ ' . . . . .  . 7 
" "  ' ~ < - ,  • ' ..• ~ . . ,  -: ~ ' : - . ~ . , ~  . . . . .  . ' . . : , 7 ? ,  j ~' . , : q :  ... .  . 7 , . : % .  , 5 - - i '  . , ' 

schedule used ,for"tcs~in~ 'is:{as :..£o~lows: " ;? 

No.. : E l o ~ . . ,  H e a d y = f o r  : : - ~ . ~ /  i . E l o ~ ,  : i D r ~ U  , . .  

i ",191 ,.0 .,:.::-::. : 1 6 0  ' : <i00 

:191 3 

4 

5 

,191 

- 0  : "" i / .J .~1601!: ,~/ i  ' . : ' ~ 1 0 0  
. , ; ! "  '.i:,'< ' . . :  : . . .  : . . :  

. . :  

0 : :: ' :160 .< :" ~9 5, 

::191 0 : . :  : " / i 1 6 0  :: " : < 6 %  
~ w  

The potential qinc -nots :for,each ,one ~of~,the ffifforont/numbors<~is ~shown 

on •figs. 4 :to <6. '.~'om ~theso. :nots< ~;rhioh ;have. ,, . boon <obsor,vodSi~!'~is ,mm'r 

possible to col..'puto the <theoretical ,uplift :pressures cxor.tod •upon :the 

under side of the d~. Since .the.nots are plotted in percent the pros- 

. , - 2 -  



suro s~ can ibo -o omputea ~or  ~ i " ~ a  ;"~ (~he ,,~prOs shro S ,~O~rOSsod:~!in ~oot-~ ~ '  = ' 

of head hay( 

are sho~m~on~igs.'? 

In o~dor toJfing - 

only to scale 't~ 

omotric "love is. The 

indicated by the !her 

~ ~O~[ ~ro~ 

It represonts.anatt, 

~'~.tor and ~tho taih'~tor :co2 

to st s ;it .~'~s predicted ,:tha~ 

after equi,librium!had ~boen 

the drain :potential. :In ~.tl 

level 30% above the ~dl:ain, 

at the outer surface of ~the fi~ltorv;~ch~i~surrounds~tho ~.~inish~:~i~a ~ ..,,~ ~. 

potential ~of ,:about ~30% above ~,t~o'~: drain ~!indi6ating .~hat ~there ~s :ia ."l-6ss : =~ ~ ~ 

of 30% of .tho ~ot~.l ',hcad~:~through '~ho ~£~lter~iand~.idrainl,.~.~It ~soomo.dii%to~ ' 

be indicated Ltha~ the drain ~= ~ifi-~iter/hadi~bo~comO ~chokei~in':so~i:i~nner,. j. 

o~alogy test. The choking ~of .,the dr~in-~'~s .accompl~ishod~by ~in~e~poslng ' 

v~itevmsh ~pc~'~Ior '.between ~the :drain ,electrode ~o~nd~i~he ~.t~oil ~Of i ~$hich' 

the model ~ms constructed.. ~'~tor a ~n'~mbor .of trials-thc ~quantitY .of 

p~-~ior necessary to raise the ~ailv~,tcr potential to 37% v~s found. 
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% 

v 

With 'tHis ~Ooadit~ion .... r' -. . . . . . . . . . . . .  ' , " .  ,- : . . . . . . .  , 
O~ ','Tho ';drall1 ~tho ~ ' " " ~' ' " " ~ .... : " 

. . . . .  ,,,, ,. ,,.' . , p o t e n t ! a  i ::at :,the, , i oca t fon  'O~':.~ho 

~ mei:dly ,'~eo~.e&sing, . ,~-~hd':gize :of "i~lio-i~i~ 

war er .:el ovutlon :~e oui~Ib o ..r ais ~ d; no~i~gho~ '~ 

' 1 :must ! h a v e ' ] b e t h ± h e  .:condition, io:f:i~e~.)i~ 

/,,The :us 

studios :is ;still 

'Dam a .brief::dis..us: 

~The ogual 

Law-and ~Daroy,:s. !La~" 

state s i~he '.foX,tier. 

pending .~current iof~ 

~;i '= 

~rcy's ,,Law gives ,the -r~el~i 

medium ..and ~ t h e  oor.respondi~ 

. . :/t" 

then ~.Q '= hJ:~ 't " =',k.' ' ?: ~i~i !, :-( i~i::: " /i?~ii'"- -" '/ , ' - ~ "  " ~.~.~mM~.~ ---------- q , O " , %  ~ : '  : ~ " - ~ '  " -  ' ~ ~ ~ "  ' ' ' : ~  

Ztoan ~.J~:,eon .t~t oa~eio~ ,(i~)i.~a ::',2"~ ~--:: - ;- .... 71 : 
. " ..~k, ..'/,i.,'vu.~XaO~iy..~Re .s~e form -~" 

and tha% ~both .crate ~%he ~i=~'t ~of ~Po,tontlnl ~fiow.. ..Since %he ~to ikmotions 

expressed....~in. .... ~("I) and (211) are analogous: they...determine c~ualogous florin 
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O 
• • 1 ,I i ~ • !i ~: i~: ¸• i ̧ • , ~. .... • 

when :the 'ss,me :b ounaar.,y. ..,,- 

the :fl~v •ne%s :f, or ,•ea6h ~, : 

, :.~, ::,-. i!:i •.?,.~ i:•:,:./• -, 

, ---rrr-.--1-.,-rl~ . . . .  - ,, " I, ~ .. .... :: :':, :- "•:~-II, ~ . '::: ':::!I '''i-'• :': .... ':~'~!I, ".::?' • '- 

• i. h . . , : : .  
I 

..'.2. tl 

i-, ;,,.,:-:..,~.=: ...... . ..:=~ ~I: ~. 
PROTOTYPE :.~I:T ..... 

' . " ....... :,:"~I.""~. .. .... 

: .I,::', i' ..::.~:~:.!-:i,,: . 

.'n :=" ':sc~le:r~io 

1 :I~i 

/i 

i: 
I? 

'.,h ~= head ioni~ith'e 

I := .current>~thr, 

E =: voltage::imp: 

,.:. :i -- ~cu~xen~-,thr, oughra !' 

.Starting mi,th ~the :t~;~ ~.unlts ~%he :similarity ~.of?~the ,f~,ow:me.ts,<ean ~be ~seen ~-~ 

rather c'learly~. The flo~v-.lines ~vrlll be ,horizontal and ~he equimpe~entia'l 

lines, v~ich may be designated as lines of equal l~zometric level in %he 
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ioro%otypo . . .uni t , ._ : = z e  ~ v e r t i c a l , ,  ' ' " ' ~" ~ o w  .m:e't:}.:from : t h e  
' . r  , . . . . .  

model unft 'to the mode I :~i't i~ ...... ;on~orm/.l :.~mapp, f~u'g,& ~ 

This .is merely .a .~athen~eicSi":,do~ioiO ~..f'or Jchani~ng~,~:e~O i~,~lowl ipae%e~n{.:.or.i , 

moans of a er~nsror~t'iOn.,:oqua~tTGn..i;)iiT, i/zb:~[w, horO.-;z}/=i!xl)k:!;~Y '.?;:~flf;i::~h°,~i .,.~:ri ,if, 

relations K~p ":b~'~ -+.h~:',mna61 :?~a~/~':~:tS',/~:.t}'2S;{; H~ho',~samo%~s .'ghat :.~o.%~een" 4: 

the pr o'i~o%-ypo 

each ch 'mgo.  

(q) is ~o.~ 

t 

Q 

substi.t~ting ~" 

Equation ((~j) ,.:can ;bc.,~ot ',up"t. 

fol'l~'ts ~ . :.: 

• .c"'. .... . : }R 

.,. • .~..r 

• " . '  , ' t  t "o  ". 

• . . ,. 1 " , "  

substituting .'in :(~})" "Q :- 

so :a: = !k .H.~r - - - ~  . . . . . . . . . . . . . . . . . . . .  . . . . . .  ,,(,5~. 
.: - > .-,'g 

.With the preceding ,analysis :as :a ,.basis :a r serio.s ,of-~moasuromengs was:5 " 

taken. The :prooodur.o in.making!'~ho-measuromonts::,v~s ~as follo~'rS: :The 

circugt v~s :azrangod .as .sh0~.m in :~he sketch ~.(.pag0/6:).. ~The ~uni.t~w~ich ~- 

consisted ~of a squazo container 21 ~-in. doep:vrlth oloc.trodos ,along ~'Io 
32 
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t 

i 

approx. 

IIOV 

i 

opposite • siao s v~s ..f.i, llea. ~t~th :a ~s~it: ~S~16tion; :piacea ~n "',~h~ ,ic~rcu~% 

and the current measured '~by-.means ~of.~an ~ammo.ter, i; 2The: :sa,lt-~solut~'on:"~": • 

v~s then s'iphone d .:fr om the .::contamnor :ih~o "~ho ?me~o.l ~.~%ich:-":;m 

in the circuit "in:placo.~of the urLit., 
2.:.,i 'ii:.., '." 

rent through th, 

solution ; s o tha" 

• oquivalont :thic] 

depth gage. ~Th, 

quantities in :%he 

usun.lly dosignatoc 

in the 'laboratory 

i ¸ . ~ : ,  

_ . 2  , /  • 

t 
- . . <,:~.~ ~.'~.! ..: .:~i:i~jli':~,-'::ii~.. , . ~:~. ~.~ :..~.. 

-(m) !3~3 -- i2R2 

~(2..) iiRl ,÷ Z3R5 =.no 
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tl) 

,(3) 'I2R 2"+ :'liR.l =.:II01 ~, 

,14) mm =~z2 ,+.ms 

transposing ; (2,) .' .:~I = ,~I.'i0.ii:, 

• . " • , Ic " .' 

transposing'i(3) 

substituting.f~om(2) .... 

substitute '(5):& ( 

~R 

. ~s~, oF Qu~TI~A~r~ ~sm'-'~ ':OF ~,CUR~NT ~r~0UGH'~mm ~C~'RIC i. ':~ 

.ANALOGY?MODEL~:OF~LT2,~PERIAL ~DAM :i:-~,:, : '~ ' ,.::: 

Tho :formula .used ~in col~uting iquant'~ty ::...- 

measurement of the ,,current in. 

Q = k ,H.r/R :xvidt. ' C..:.. 

%vhoro ,r "= :r ~ 

R ~= :resist~mC.O ,~of ~the :2~odo'i:~":ii: .. : . : :" ' " i.~. ';~''" : ' '"' " 

: " .. i,:. .... :~.~.. " ~. i.~::.i.~..:,/':.. ~ k."?"i?~::i,.~i~,.~::-i~.:~:,~ ~:.-:., 

:The ~moasuroments-~%'~:]'l :b0'/6xpr0"s~sod i:~in -:~or~ ~'0f:.i~this :ra~i0~,i !:/. ~' 

(~/R) %vhieh shc.ll :.be-6esign~ted•,(,/~il) " ~ - ~,~:": '" " 

'.Condition 1 ....... !Headr~tor ~at ~.190; ~.~.~Ir~tor ~at ~168; ..dry, in ~t ?160 - " 
...... (."Z3.4%) ...... 

Jam.. .2 ~ := 0,;213 

Jan. 3 . ~  = 0.217 (those moasuromonts,.~ro made ~th 
boundoxios at ~7%0; -rt. 9.0; ~it. 8~60) 
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~Condi~ion~2 , ' . . . . . . .  

be used ,'.in t~ 

Tho ~heads ~ arc 

• J a n .  ~8 ,~ 

C emli~ion: 3 

Jan. ii0 

Condition/4 

:peten~idl Of 

~roachos !~ho 

~large piozomotor :tube. 

• J a n ,  ' ) i 0  / ~  = O J I R T , - :  . ' , . ! ,  ,~-' . . . . . . . .  

Fer ~,cendi~ion 3 ,  a ~; ~ .... .,,..~- ̂~ 

of ~,tot~l, current 

/Jan., :Ii 

~The ~moasuro~ 

before ~ a ~dOfinito ~ schedule ~ v~s :~nvd~l 

of record% When the ;schedulo)for!~ItO 

qualitative-studios .v~ze :ma~do iusi: 

.%rcated..i:L~ ~,the p r o e c c l i n g  ipagos , .  : ~ ~  
L. ̧  

resistance ef ~the .foil ~is ,so ,sm~i,tthat • " " ~hon~tno xnstrumonts ~aro ~in- 

sorted for measuring currents "~he !percentage 7loss in ~the meters ~is 

large enough to damp out the ~,variatien-~:~ich ,vmul'd<ecc~ due ,to changes 



Q ,. '~ ., ... .-., , 

11 

obtained: 

. :No, :II 
...-. ~Noo ::2 

";~No, i3  
~ . N o . . : &  

" '  ~No . . :5  . . . . . .  = . . . .  - ' - - ,  

It can b0 :soon :that'itho ~xJmu~m:di: 

~'zhon ~flow fis ~ contributdd :"fr om~both 

< 

o stated f~.low ifo~ 

method pr oviously 

R3 

v~oro 

• i L .I 

. : 1 1 0 ~ ,  ~ ! 3 ~ 1  . . . . . . .  : =  %~ ' 

~R 3 = ,.rosistanco ;,of 

R3 '= irosiste~Cer~<0fr 

ml0- 

: i i3 .~= . m u r r c n t i ~ h r o u g h ~ . ~ u i t .  ~,.!:. : , . ~ - - , ' : - : ~  , / . : : ! : / , . :  . . . .  r 

14'- = current '!el '-":: ~ .~- :':': ' -  : '  

- , . , : 

T _ "  = :0.59 :' : '  

..I 3 -= , 1 , 0 9  ~ t a i h ' ~ t o r  ~c',t~7@=2 ~z~" ~ . . . .  - : ' ,  . 
• . - , , - . . .  : " 

R I = :81.5 !(rosiste.nco OA il~mpj.bcz~%) ' --': 
~d 

: R 3 / R 3 ,  _ _ / ¢ 1 1 0  ,-. - l i09. .  . .  !.x, 8 t . 5 )  0 . 1 5 9 . .  ~=,.~2'1';"I65. :x : :0 . ;59  
, ( 1 1 0 . -  :0 .~59 x ' 8 1 1 5 )  ! i 0 9 x 6 6 1 6  6 1 1 9 1 5  :'x ?1.'09 ,x  , , 6 1 6  

/ R  S ~ Y  
R3 ' = 0,3 



Q 

Q 

assumln~ a;',.vdluo if or .... ' . . . .  

Q = )Z59,o,~c,p¢ 

• " i  "o -' .i • 

l 

: 1 

.... ~i~ ~ L~IJ'~ ~!~ ~i~!ii!~i!!i! ~̧'' ~i ii ̧̧ !L~'~'~ ~ ̧ 
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