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~DRANDD~I TO CHIEF DESIO~¢O ENGINEER ,( 
iJ'. W. Ball through J. E. Warnock) 

Subject: Hydraul~ model studies of the 58-inch balanced valves ~to/ dew . 
termine~an operating schedule:for minimizing damage toneedle ;( 
tips and discharge conduits during the 1943 season- ~qhoshone i 
Dam - Shoshone project. 

1. Introduction. Model studies to ~ascertainthe feasibility of • 
altering the 5~-inch balanced valve~ in the~lower outlet tunnel at '!Sho- 
shone Dam, to prevent pitting by cavitation to the ~needlesand./discharge . 
conduits when the valves are operated for,extended periods~we~e ;insti- 
gated in October 1942, after the outletwcrks had incurred ~severe'damag e 
while operating during the ~m~er months. (Report ~,of 0 ctober; 30, 1942, ,~ 
from Engineer J. E. Warnock to Chief ~ngineer, ,~lepair,~0f 158Q~inch~,bal - 
anced valves in lower outlet tunnel -Shoshone Dam- ShoshoneiproJect. ) 
Preliminary studies were made on a~l:6 scale,model constructed:oraL mold" !'i 
ing pla~ter, representln~ a one, eighth sector .through :a ~,.valvea~d ~iS- --- 
charge conduit, using air as a test me.dium. The proposed ~alteration 
(design 3, fibre !C) proved practicable ~ but it iwas iimpossible to ~pur- 
chase castings for the new needle tips and air"iintake manifolds..~i~As~:a " 
result, repairs were made as in previous years to permit ~,the ~use .of ~the ~,)!: 
valves during the 1943 season. 

Metal was arc,~uelded onto the pitted areas Of the. needle 'tips and, 
ground smooth. The twenty-four 2-inch air pipes were rep alred-and~,the ~ !"/ 
pitted areas in th~ discharge conduits patched with a hi~'g ra~e~cOn" i ;)/¢ 
crete. Also, the east valve ~as dismantled, cleaned, :and .inspected.,.. ii:i~ ( 

It was realized that these repairs~were~temporary~and !that ip.ermaJ .... 
nent change s would have to be made ~ when : materials ~become ~'available.:. '~ 
However, it was hoped that damage during the.coming,,season could ~be ~heid/: ..... 
to a minimum by limiting the operation of ~the ,.valves-~to 0penings~where ~ "i 
pressures on the needles~and ~in:the.conduits ,werei~.ikely %o/re~!in ~ " 
cavitation. An operating schedule :of this type, ~nou~bj:zD provxues ~uu~ 
little regulation, ~ould be important., since !i~ :would~bie'!~rele aee~°f ..~i~, 
water with minimum damage until-such time !as materials ~for.~h changes 
become available. It was believed that the fsasibilltY)0fi:!.i~ted~oP - 
o~ation could be ascertained through ~hydraulic .model ~inves~iga~1ons:, so 
plans were made to conduct pertinent tests-on the)l~8~2/3 scale .~valve, .::~. 
con.stx~-~ted when the study of the Shoshone ~,valves ~wa-~ :flrst instigated. ii~ 
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2. The model. ~e model used for thssetests consisted of a 
high.presS~e steel headtank, the l:8.2/3model'valve,:machlnedfrom 
brass castings, mentioned above~and~a~section oftransparentiplastic 
pipe (design I, figure iAand B). 

The model valve was made gsometrioally similar :to the iprototype 
to permit a study of its operating ~characteristics~, ~when :the ~plunger ~ 
was actuated i hydraulica!ly, and to :investigate methods of increasing 
the effectiveness of the actuating mechanism ~when the valve !iplunger 
neared the open position. Piezometers .were ~placed in the •needle tip 
and in the wall of the conduit immediately downstream from ~the valve 
for investigating pressure conditions 'in these-regions to ascertain 
over what range of opening the pressures were sufficiently subatmos- 
pheric to induce cavitation. ~i~',~ ~ 

The portion of the discharge conduit beyond the throat iliner of 
the prototype valvewas represented by a length Of transparent plastic 
pipe which permitted observation of the flow ~conditions in the conduit. 
Twenty-four 0.23h-inch holes were provided in the wall of this pipe to 
represent the 2-inch vent pipes on the prototype. 

3. Transference of model results to prototYpe, is generally 
accept ed by pro sent.da~ ~y~rau~ic~ans tha~ ~avltation in ,a hydraulic 
passage occurs only when the pressure at some point withln it reaches 
the vapor pressure of the flok~ing medium. In view of this concept, 
pressures equal to the vapor pressure of water would ~have to exist in 
the outlets at Shoshone Dam before damage to the valve needles and dis. 
charge conduits would result. Interpretation of ~the ipressure data oh- ....... 
rained from the 1:8.2/3 model valve was based on this concept. ~!i ~- 

Whether or not the pressure at various points in the prototype ~:~. 
can be accurately predicted from the model results .depends on ~the .,.con- "ii 
ditions obtaining for various operating schedules :Of Lthep~,to~ype' If 
• the pres~ares at all pointswithin the prototype are above tne vapor 
pressure of the fluid the problem is easy and the,usua~ similitdde 
transfer relations are valid. Hcwever~, ~if the pressure~at :any ~point 
becomes e ual to the vapor pressure of the !fluid and cavitation :is pro. ili~:~ 
sent, the problem is more involved and accurate evaluation ~of ~pressures i 
may become impossible unless the model .is ~enclosed in a pattie! ~Tacuum 
such that a true .scale exists between ~the vapor and artificial atmo~s- 
pheric pressures of the model and the natural vapor and :atmospherlc~ : 

pressures at the prototype. 

.If at the scale heads, over a certain operating range,/~the scaled . 

model pressures at any~pointwlthin the valve do no~ extend ~below the 
vapor ,pressure of the prototype, the pressure at an~:corresponding 
point on the prototype may be found by the usual model-to,prototype :i!~ 
transfer expression, 

; -,i • •- 
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where P and P are prototype and model pressures respectlively in feet 
Of wate~ and Nmis the model scale. 

However, if the scaled values 'at any point extend below %he Vao 
par pressure, which condition Indicates cavitation on the pro%otype:, ~, 
it is not possible by this method to ,prediCt ,the correct pressure for 
any paint on the prototype other than that,~corresponding to the 10West 
existing on the model, and possibly the ~pressure which controls the 
discharge, as that in zone B of ~the ~Choshone valve (figure 2). To ~as- 
sums all pressures with ,~uch scaled magnitudes to be equal ~to the va- 
por pressure on the prototype (the lowest obtalnableprototype pressure) 
is erroneous, particularly if the values ~are for widely separated points 
and both are not of the same intensity. Pressures obtained in the 
usual manner for andz point in the prototype other than ~the control or 
lowest pressure, will, there£ore, be ~too, low and ~the ,percent <of error 
will be proportional to the,deviation of the scaled presamre ,fromthe 
vapor pream~re. When this Condition obtains another method must ~be em- 
ployed to evaluate the prototype pressures. 

If the model and prototype .have'definite controlling pressures ~ 
at the same relative location and the boundary contour npstream from 
this point is sufficiently streamlined to preclude any change ~in ~the ~! 
shape of the stream tubes, due to changes in head, that is, 'the cool, • 
ficient of discharge in the equation, 

Q = CA ~ 

remains constant, the ratio of drop~in head ~betweenany two points in ~ 
this region, to the total drop (upstream to control ~pres~e) isi~con- 
stant and may be termed a pressure factor for .predicting the lpr9tOtype 
values at corre~pondlng locations. ~is method of predicting~bcto- 
type pressures is also applicable where the scaled model pressures are 
above the vapor pres..~ure of the prototype as explained above, ~provid- 
ing of course that the stream tubes do not .change shape when the head 
is varied. Yf the model is tobe ~used in determining the control ~pres- ~'il 
sures, care should be taken to construct the model to give ~the ~cor~rect 
sealed values of these presm~re~. ~nis is particularly important when !i~!~ 
the prototype control pressure~ are above the vapor ~pressure~.i ~ i~i~ 

Since the pressure surrounding the ~veua contracta of a jet issu- 
ing from a valve influenceE its discharge rate and hence the pressures 
at all points within it, the total drop through a valve ~hould be • 
taken as that from the upstream side to the vena ~contracta. ~Neglect- 

prototype frlc ~ion ~because~<of ing the relative difference in model and ~ 
the difference in Re]mold' s number, the stream tubes will remain geo. " 
metri.cally similar and the same rel~tion will exist in the prototYPe 
~as in the model. Thus knowing .the ~contro! pressure on the prototype 
and the pressure drop ratios (pressure factors, F) far,the points in 
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que s~ion, it is ::pc ssible to predict quite accurately the -pros sure e .at 
these poinbs by nslng the expression. 

Pp. " FDt +Pc 

where P_ is the prototype pressure, in feet.of water, for the point in 
questio~ Pc is the prototype control pressure ~negative.and equal to 

the ~apor pressure of water at the prototyp%, ~when the ~caled value 
equals or exceeds the vapor pressure), e~r~~sed 'in feet-.of:.water ia- 
boys or below atmosphere as the case may be jn t i~ the total drop.in 
feet of wa'ter on the prototype, from the upstr@am side.of..the .valve to 
the control pressurej and F is :the factor for the poin~ in question., 
obtained from model tests. 
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Though the application of this :method :to .cases where ithe .~stre~m. 
tubes change appreciably with changes in head, lie.incorrect .and the • - 
model should be enclosed in a partial vacuum ~to give true pressure val. .... 
ues, it may be used to a limited :extent. .In~regions where the boundary 
surface of the main flow does not change appreciabIF .~he values.~iObtaln- ~ .. 
ed by this method will be reasonably correct, while those ~6~btained "~for " ::::i:~/i 
regions where the boundary change is considerable, as a£ '~the down- 
stream edge of a .low-presm~e zone where the main.flow ~arates_Zrom ~::.i 
the solid boundary., w.%ll be :substantially .in error. ' .. 

As there were two low.pressure zones in th~ .Shoshone outlet .ned= ;if:if! 
el, where the scaled pres_~ares for certain valve openings ~extended:~be- 
low the vapo~ pressure of water at the'prototype stmmture, about~,28 
feet of water, the pressures in ~thess regions ~i(zones A:andB,-figtuee 2~) 
were taken as criteria in establishing the critical range.of :opening ...... 
for the prototype valve. Since it was desired' to determine ~the exis- . i:iij 
tence :of cavitation :pressures and not the ~pressure distribution inthe _. 
'valve or the location ~here damage woul~ result !:tom the ~collapse ,.of. ~=:, ~..:~ 
the.:cavlties, the transfer of model data to prototype was not Go in- :~ 
volv~ed, however, both •methods outlined above were used. 'i ~ 

At first it was intended to-use the prototype pressure meaml~e- ' ':/i~i~iii~ 
menbs made In1931 as a .datum to predict the minimum :pressures in .none '- 
A o f  t h e  : p r o t o t y p e .  However ,  w h e n  ~scaled t o  t h e  p r o t o £ ~ p e : ~ t h e  model  ./::i::- 
f o r . . t h e  p r e s s u r e s  w e r e  n o t  i n  a g r e e m e n t ,  b e i n g  roach n e a r e r  : the ::vapor ii-:~! :~:::~i~ 
pressure ~for all valve openings than the prototyPe measurements !indi- ' 
cared, even with : a l l  twentF-four 0.23~-inch ~holes open. ~To ascertain / : :~ 
whether ~thls discrepancy was due to'~a deflciency~of air remlltln~ .£rom . :: :~.(i:!i~i: i: " 
aeration~via these holes instead of .pipes of .the same diameter :and -. 
scaled length, the capacities of the two systems were compared. ~Com. "~~:! 
.puted discharges, using the :same :pressure .difference, ~showed ~the ~.quan,: : ~';" 
tityof .air .:from the holes to :be .about l.h2 times that for an ~equal.: . '~ ~S! 
number 'of-pipes of the .same diameter, and it .was concluded ~tha'.t:the . .. :.<i~?i~ii 
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~difference ~,was not due .~ ,to .the ,.,method of aerating the model. ,: Damage to,i. "~"~ 
the field .structure also indicated more severe pressures ~than %ho~e, ~z • ~"" ~I1%~~ 
tabulated in .a report from the Project ~Superintendent to :Chief Englneer~ .,!!~ 
dated December I!, 1931, for wlth pressures of thi.s magnitude .cevita=. .~ 
tion could .not have .occurred, unlee. ~ of course aeration was not ef~e@~ 
tire .upstream from .where the piwe~ entered the discharge condult, and ...... • 
the model studies did not indicate this to be the case. ..... The icontrdi~ ,~i 
pressures for the prototype were therefore obtained', from scaledimOdel .. .:, 
pressures. The ,minimum pressure :in zone B for each'~O ~perhent incre-/~ ~i ~ 
ment of the plunger travel .was ~u~ed as a bas]:s:for~@:~iledicting the pro- .: ,..~ 
retype prepares. The .ores,.~ure -in this ~zon~, was "!scaied ,to prototyp'e ',by ~ ~ 
the similitude relationship,, ~ • ~:ii 

When values obtained .in this :manner ~;ere abov, e the vapor pressure !~%: 
eor,the prototTpe (about -28 feet ofwater-gage ,pressure,at Shoshone: ~ ...!~ 
Dam) they ~ere used dlrectly~. Nhen below this value (ntLmerlc~/: ••:~ 
larger) they were assumed to remain constant at-28 fe~ of water. The ~i? L ~ 
pressure in zone B for each valve opening obtained~In ithis manner was - . 
added to the static head for the corresponding raise ~0pening ~o iobtain 

, " 4. ~ ~ ~ ~ 2. ' " ~ • the total head across the.valve. The eta,it heaa was obtained from a 
head loss-discharge curv~ computed for ~he outlet .tunnel. ' .... !~ 

The mini= presmtre in zone A on the needle, for each valve ~i i~ 
opening was then obtained from the-relationship, 

- ~ . ~,~ 

4. Model testa, and results. Since,the d~st~uctiveaction In~t~e • 
' ' ' cared tmo~ her~c re~m~es in thedi~scharge~.i:!i ~.~ .... i. field structure indl ~ "P - P "'" " ~ ~ .... ' 0 ~ ~' '~ 

conduit to be more ,severe than those-meam~ed on ~he pro~o~ein .i~,~I, ~,;i~i 
,and since the model pressures-near the ~ents i~, ,the~6rown of the~di~.- ~-~-~i~ 
charge conduit were not in agreement wit h the~e ~pre~sure~i, it-,wascon- -iiii~ 
sidered necessary to determine the effect Of d~fferent degrees~of aer~ 
tion on their mag:Litude, Pressures ,in the model were observed forfour .~ ~ 
degrees °f aerati°n, which were 'Obtained iby vazD~g the number' 0f Open i.' iii!i 
supply port~ (O.P,31~-inch ho!e~) to the discharge conduit. The model 
was operated with 2h, 17, ,and 12 of these• ports open -~-.~ 
them closed. As .the supply ports •were a~)pro~flmately 
fecti.ve as pipes of scaled length, land the same diameter, the aeration :~!~ii 
of the f~rst ~h~ee a~rangements was equivalent to 34~ 24, .and IY 2, inch ~.i.:i 
pipes . . . .  ~.~. ~.~i 

Some criterion as to the allowable zmgnltudo of the minimum pros- .... ~ 
• ~es in zones A and L~, t ° prevent cavitation, had~to be ~adopted ~t~oie~o- L !~il 
tab!ish the Critical range of valve opening. A value el '20 foe~iolf~i~J i ~, /~i:! ',~L 
water gag~, was chosen for these studies and the ranges of valve Lopen-:~ L/~.~ 
i~ subsequently referred %0 as crlticsl ~rang~m, are based ~ thia ~alue,% !i!i~ 
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When the model pressures in .the conduit 
hea~s, repre senting a~proximately . ~e servo~ir .e~evatl 
operiings from 20 to i00 percent, ~rere '~transferred~i , 
lined in the previous section of"this memorandum, 
that the pressures'~in zones A..and ~ .would reach ..th 
water over certainranges of val~ei~opening. 

draulic Jump moved upstreamto cover !the ~ven5 , .... . . : :: 
cern any change in these pressures, i Even rSC, the ichangewas! only ~sllghtl, 
increasing the ~upper limlt of the icritical range ~f valve opening by ~. 
two percent, making the range 
percent (figure 2). Severe s 
present prototype design may 
Lug from i~ to 25 percent. R 
• extend the critical range, bu 
pressure at the upper limit,'~ . _ 
gible. Although the degrees !of aerat±on t~ested on the model:~produc.~ 
no appreciable change-in the critlcal~range, or thema~itude of /the 'pres ~- 
aures ir. zone A on-the needle, it i.~ ipos.slble that ~he ipressures~wo~Id ~ ~ 

become less critical if the aeration was~more complete, The ~eglig~ble 
change observed in these tests, however, ..make ~his doubSf.~l,~thus~rem . • 
gardless of .the degree of aeration in~-sone. B, it may be~impossible...t~. 
operate the valve in this / range without damage to the/~needle.~!. ' ::~ . .~ ... 

~ne discharge conduit of the model.did :z 
valve .plunger !had completed approximate!y/25~ - • 
ward .the open position, As airesult,, zone .B.~was aerated ~bY :air : ~ ~  .'~-~ 
upstream along .the crown ~of the .c6nduit and !~the .pressures were no~iil..se .... .i - 
verely subatmospheric for any.of-:the degrees :of. aeration ::.tested, ".Hc~ " '~ 

ever, in all oases, as the .valve ~aPpros 
flow of air from downstream was reduced 
reaching .values that .were .below !the-va~ 
~prototype. This condition is not poss~ 
pressures are limited by the barometric 
~water ~to .about ,28 .feet ~of water gage, 
~scaled values were equal to or .greater ~than-28 feet-of.wa~ they..-we~e ..~ 
~asst~ ~to-remain constant at ithat~value..~nen"scaled val~es were au--.~ ii~ 
..merically less, theywere used direct!~. .--i 

When the aeration .was equivalent to they.four !2.inch pipe~i, ~he~.~:- 
model.-indicated that ~he pressure in zone:B .remained .at-~he vapor i~.~res i '~~. ~ ! 
.sure ~£or a range .of .value opening between 25 and ih:7 per.cent,i.:~he n, .ib.eg .an i.~;.. 
a.,gradual rise ~to about ,i8 feet of ,water iat IO0 percent .open ~.(fi~i/.2:~., i..~ 

• .~i~h aeration ;.e~uivalent-.to ~enty-fo.ur 2,incho~ pipes ~h:e .z~nge o~er ~-~ " i !I !!i: 
whAah the preesureremained .at 28 ,feet ~ o f - w a t e r  was ~ended ~ t o : a b o u ~  :i: 

/i :~ 58 percent ~rom where it rose to :a~proximately -12 ~eeti.O~ w~ter.-at ~ ~I~0 ... 



.:::. , 

~ ,, - 

..-.. 

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

rl 

,:. :.!~!:, 

percent 16~n. This 'range was .!": 
percent) ~,~hen the equivalent . ~.i,~ 
pi~es and the pressureat lO0~percent op~g:reached abouti:~!8/ISet ~r'of :,,:.~i~ ~ 
water. Without aeration the :pre~mn~es remained ., critical .~through~a • . • ~.',,, 

from 23 to I00 percent open/. ~ iF rom,%hese .results."it!~appears ~that range 

t h e :  critical range of valve oper~mg for ,~zone B i n  the ~resent~i~£ield~~ " ....... " 
installation, aerated by ltwenty-.four 2-inch pipes, based~:on..-20 feet ~: .i :..:/'!./ 
• of water-gage pressure, wi.ll :be ;ifrom;23"'t070. percent ~open, " :~.- .... ' ..... : ":iz~ 

- . . . . .  - . . . i' ~ 

The~model was calibrated :!to ascertain the. discharge i>~characte.r- ..... ~[,~ 
istics of th~ balanced-type valve. ~Di~charge coefficient~:,:f0r %he~var ~ " :.-~:...~:...t 
iou'~ openings~were obtained and oapacity~curve~:werepre~ared;~for!a : ,~ 
sing!e..vaiw~. ,- and for .both vallves operating ~imultaneousl~r' :(.figure 3:)~.. ..:~":" ::~ ~,~ 
From: these curves .it m a y , b e  ~hown :that the.: -;:~, 
-charge decreases materially:,'asLthe:~valve pl 
position. With the reservoir":at~elevation ;:-:,.~ 
ir~ the :valve from 80 to 90 ~ercent i~:abou --.:,::.i',-~. 
f u l l  o p e n i n g .  O p e n i n g  : t h e  : v a l v e  f r o m - 9 0  t o  l O 0 ~ p e r _ c e n t  ! g ! V e a , , , ~  , inCh e - :  : : : i : : ~  
crease of 2~,percent of the total: "for :.full:openin g..~ ' Yhus,;./,openlng. i . : 
valve another I0 percent in:the :u~per~region:increases.'the!:~ischarge - ~, 
only slightly. That excellentagreement .existed between~.the~!model-:and ~, : ..<:!ii~:i 
prototype is evident from a comparison, of: model :and ~pr~totype ~data for :,:: .. :t.' 
both valves operating at 90 percent open (fi~e."3), : . .,..:. /~. 

5. C~Dclusions. The:model-study of-the,,:i~58oinch:balanced~valves~ :'/,ii~: 
in the low~ outlet tunnel:at ~oshone Dam in~cates::.th~tit:will~::be,. '. .:i~!"~.-::~ 
difficult to operate them to obtain . any ~ appreciable amount :of regula-. 
tion during the coming ~season .without :causing some ~damage ~to :~the cutletL!i"~,., ":: :!ii!,:~ii 
structure. " , '~..;~ ~ 

Pitting of the needles, is likely to ,-occur if the .~Valves~are op, 
erated between 14 ,and_it25,1 percent open. . . ~ -. -,: i :i,: ::,:i ~ 

Damage to the :co,~i~t:s'is !ikelv to res~t ~if operation !Is ~be- -.-,;~:~,~. 
'tween 23 and-70 percent open. ~.:~. .... . <i 

Critical valve opening -ranges for the ~two?!IoW-~ressure-,zone s ':::" ':~-~~ 
overlap,, thus damage to-come,part :of the ,outlet ~structure .may be.,,ex .... ; :,~,i" 
pected between ~ and 70percent open. . . : . - . .  .~.-i! 

No damage ~hould.:result to ~either the needle :tips or !the. d~s- -!-~"~~ 
condui~s when the . :~a lvos  are o p e r a t i n g  :beyond 70 percen~,:Open; ' .: -:~-:::~:i:ii:?'i!:~i 

However, .should the friction in the,down~tream ~por~ion of .the.d~~cha~e 
conduit:be-relatively greater on the prototype :tha n on.the::model .and :.i, 
cause ~the hydraulic Jum~ t o  move, u~stream-over the: 2,-inch-vents ~aS-%~he i ,.: :.:i:i!i:!i~i 
valve .plunger approaches .~he:wide open ~osition., the noncritical~.operat- ~ J  

ing: range might . b e  :materially reduced. <In view of.~hi~-danger :it.~.seems 'i,.,:~" 
:that. the maximum valve -opening should be "limited %0 85 ~ percent .. ~The ~ "~ 

• , . . . . . , . . .  : .  , . : :  - ::'..:'.!. 
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increase i n  discharge is very small WIth :further , ~increase. in. op~],' '.:.:(: , . ~.~. 
th~s very llttle would :be gaxned by ~operating beyond thls:pq~nt. /. : :/ ~,~;:~,~ 
Moreover., as the :~valve approaches 90 percent •0pen, eddies Tong ~ own- ! i.. /,~j i 
stream from the V'guide s cause water :to ~ spout ,from 3/or "h ?ivents :on :!th e ::: ~:~i~iii]i 
crown and invert of the discharge conduit, reducing ~he effective i:: ~, ~ .,,??~i;:~:'.ii 
aeration and ~creasing :the Se~eri~y~ of the i subatmgspherio pres~s:"i "::~ ~!::ii:~!i!i ~ii!ii!ii 

~ m  valves should~not be operated in ~tlie .rangewhere pit~ing Of .... 'iiii~iii~!~.~[!~! 
the conduit :in the re~ion of :the 2.inch air vents occurs,, .for damage 
%0 these uipes would reduce the aeration :and ~result in ~more'!severe~ : : :[~ :-i ~ ~i.. 
pressure conditions which in turn'would hasten de'.~truct~on i0f . t h e  ~c0h. " :':~:~~' 
dult'~alls. If allowed to operate in th s mare 
~my become sufficiently rough to :materially in 
causing the hydraulic jump to coverthe~2-inch ~" 
yore destructive action. :,: 

To avoid damage to :the outlet ~ ~struct~tre, the ~valves ~should inot ~ i!?~!~il 
be operated in the critical range Tor~any,appreciableilength ~of ~ime, 
but should be opened directly to the noncritical~range, i;~0-85 percent :!i ~ :~ 
open. Any damage to %he vent ~ pipes will cause ithei-pressureS "to aP~- ~ ...... i"i_. 
preach those obtained without aeration.' ' . .  " . . . . .  -ii:ii 

From t h e  r e s u l t s  ,.of : t h i s  m o d e l - s t u d 3 ~ ,  : i t  . a p p e a r s = < ~ h a t / t h e , d  iweamae~S .~ . .,.i~,,..~:.~ 
to the needle during the 1942 .:season oCcurred . d u r . ~  ,tlie:las~.::f@~ 
o f  o p e r a t i o n  w h e n  t h e v a l v e  o p e n i n g ,  ranged : f r o m 2 2 • ' t o ~ f 1 8  ,pe rcen t . : ,  : /and . .ii:i!•: • 
that the pitting of the conduitwalis 5courted during the :;~rSt ~one:_:/ " :'!i 
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