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WEMORANDIM 7O THE CHIEF DESIGNING EWGINRER
N. Koonan and G. J. Homaby
-Subject: Model studies of the. ncchanicn and h,ydrau.uoa of large
control gates.

1. w. The original purpese cf thle series
‘of tests was to make & qualitative :stndy“of the pgrroméneo of gatea
losated at the faes of deas ‘or in penstocks aad slulces. It was
later deemed nocouu'y to make a saries of qmutatin tests to de-
termine hoist requirements and pressures exsrted on gates due to
hydrodynamic conditions, Thise mformt:lon was o-pccinlly desirable
in connaction with tractor gates, ring-follmr gatu s and cylindor-'
7 follower. gabn. |
' 2 priseiples of gates. Tho gonoul design of o
gate hoist prov:ldes fer sufficisnt capacity te alces o cpen.: ‘ths
- gate ander full operating hoad. The usual mathod ﬂ,computmg the
required force to ;opcrito«a_ gate, that is, mouﬁary:hoiﬁt capacity,
43 to sum np the frietiansl resistances of the gate plus the woa.ght.
of the moving pu-tu for lifting the. gat,e and minwes that: wight for
loworing the gate, “Toe weight of the moving parte in water is ‘equal "
to .the "dead" muht of ‘thoss parts minue: the effoct of bnomoy or
uplift of the water. The frictional. ruimmo veries for the dif- . ‘
/'forent types of gatss. In andmg gatea. this. fu'oo 1s. equal to fma
0.3 to O 75,5 dspending on: the naurial in- tho leaf lnd uat, ef tho
‘water load on the lsaf. In the case of fimed wheel gites the. trio- |
‘tional . rosiatanoo ‘15 squal to t.ho axlc rrict,ion plu the rol.'u.ns |
friction of the whoel, plus a. rosistance due 10 the soala. 1If roller
trains are nud in’ p:l.m of - whuls , thc axle !'ri.cuon is elimimtod,
“but & link tr:let:l.en mt. bc added ‘ '




‘The force of frictien: plds. or minus tho ,wciéht- of the gate muat
be considered in every hoist design. There are aleo hydraulic
‘forces present which may mcroaée'the _102d on the hoist to a point »
‘where the sabove déaign, oven with"thé“cuatmry-futu‘ of safety, is
“no,longor.' safe. This fores is qa'uaed‘by-t._hiunbnmod water pres- |
‘sures above and below a 1eaf when it is in a threttling position.
 The water passing below a flat bottom leaf exerts no proas:ure_ and may
‘@ven create a partisl vacuum on the under. side of the leaf, Ao there
is. s preasum above the leaf, wat.er pressurs if the lsaf is auhmrgcd
.and atmoupheric jzrusm if 4t bas a free water gwrface, the down-
ward fores is equal to the difference of the preums-abm ard be-

- low the gate in pounds pﬁr equare inch multiplied by the area of the
‘bottom of ‘the leaf in square inches. By changing the ahape of the
bottom of the gats er of the approach, a pregsure may bs built up
' on.the bottom of the laaf which will partially orn@mpldtally-ami-
nate the unbalanced ecadition. If the leaf is in a housing in the

line, the pressure abewo the leaf, that is the preesure in the upper
‘housing, can be coutrollud by careful sslsction of eloarmcea be-

- twesn the leal and housing, both on the. upatmm and. domatrem
sides, m.ng-follmr gates are special cagoz aad hmro nddisioml '
‘forces caused by water psuing through the fonmv ring uhich 1s
‘attached to and is.a pm of the leaf '
‘3. Tractor. m , _
|  (a) Delcﬁpﬁ.m of gat.e.--‘l‘he "t.racto'r g.ste" was: d.evol.opad o
..to meet sot requimnnta for an emrgency yu for the. pouer unita
8t Nox'ris m, the gate opening being 16.5 fest by 28. 5 feat with a
- -maximun head of 176 rcot on the center line. ct the zat.o. ‘It was de~
_gired’ that the gate and- hoist be of such. deaip\ thaf. the gate, whex -
" not in t_lqe,,c_ould >0 rnned_abova the water: sqrfm __rOr.nthage and
maintensnce. This prestisally olininated tho use.of & stem hoist.
As a rope: hoiat cmet exsrt a dcum-ard thrm, th- gata aust. be ‘COR=
:plouly lowered by its. wight umn 5 'ro.do_gma, the Urricuoa‘.nm, .




be reduced to a mininwm, This was accomplished by means of roller
‘trains, the frictlonal resistance of the rollers being ouly about .
0.01 of -that caused by mdm"g‘-aurfaeéu. Due to the fact that the
gate must be lowersd by its weight iﬂ water, it was nacessary $0 put o
the akin plate on the domstream face of the gato, allowing the water |
to couplﬂoly £111 the leaf section.
_ The next problem 4o he cnmid-red was the nc.u.ng of t.hn gl.t.c
under the 176é-foot head, ' -'rha cosmon, floxible ertal or rqbbar seal
could nct be ussed bscauiss of the high head end becauge of the drag
offered by such & seal during the ralsing or lowering of the gato. .
Sealing by & metal-to-matal contact similar to the simple azlide gaﬁ" '
was deamed a desirsble featurs, so a movable wedge mounted .op rollers
was incorporated in the roller train, the wedge to be actuated by a
‘toggle mechaniem of sush & design as to imm preper uqmmc of 311-
movemsnts in relatien to the gats.
The sequences of tha uwemmta of the gate 3 umm :?rca tho
above-watsr-aurfage position is as followa: the 1saf is lowersd on |
reller trains until it is directly in front of the frame opéaing; _
at this point the lsaf rests on steps and the toggle allows the mov-

-able wedge to be lowsrad) mmhm, the lsaf moves in the downlt.nn

direct.ion, _tunsforring thn water 1m from the pollers to the gau
-gaat. Soaling ia then mmplished in onctly tho S6mS MANNOr &8 1n

o _the simple glide gate; t.hat. ie, -atal-to-mntal nonuct.. To opsn- this

gato the wmhlc Mge is raiud Lirat, ‘this move: baing made ponlt.i.ﬂ_
by the doeign of the toggle mehan.tn. As the midse is raind, ﬂ:e
gats movas upntrem away fran the . seat, thia t.im t.rmfcrring tho

- water load from the seat %o the rollsra. Then the deaf ir rniwd

.on parely rolling surfases. Ia short, ‘the gate. ie uiacd or lowersd
as a ®"rcller® gate ‘and . seals as ‘a8 Pelide® gate. '

{b) Deacriptien of mdol.-ln erder to cheek the mechanica of
the gate under working .conc_!itioua, 2 28 to ) modsl was conatructed




{aeo -phbtogriphm' on following page). The prototyps gete was to opeTe
ate on the face of the dom under 176 fost of wator. As an exsct
duplicat.e wt-up for mechanical or hydraulic tests, e ven at the 28 tc
1 ncalo, would have required = large tank and overfiow and m:uld have
made it almost impossible to observe the actien of the leaf, = hous=-
ing fitted with windows was used. (Ses drawing Wo. 222-D-817, page 5.)
(e) Flat bothon gates.—After testing and chesking the mohanics -
of the lsaf, a number of tests wore made on the hydraulice of the gate.
In order to determins the pressures and forces acting on the gata, &
series of pinaomtarl was attached in, below, and back of the l2ef,
and & spring scale wua attauhed to the stem, the rope hoist having
been replaced by a stem for the tests. A5 a regult of the teate, the
following general eonclusions were found %o hold for gates of this
* type. ‘ | | )
Tho gate as ;hm in_nketch on page 6 haz beon raiwd_tée’;a
point such that the distance from the bottom of the gate to the
bottam seat is slightly less than one-third the thickness of the gate.
At such a pnaitibn, the seotion under the gate is similar to a “short |
tube” in effect. g the head on the gate is relatively low, less
than’ LO feet, the stream leaving the hack edge of the gate is sgitated
and: diwrgvnt. Due to thie "breaking up" of the atrem, its force ia
‘quickiy disesipated., Az there is pract.tcally no flow along the up~
-stroam faco of the gat,a, the water presgure abmm and below each
‘eross bom, mept. the bottom one , i very nearly balnmed and ia ‘
equal to the gtatic presaure head at that poiat, m:-orom, the pr!I-'
aure above tha bot’.tm ‘boan h very naarly tho wt.atic wat.er pnmm -
at that point, uhilo the mnure below t.hil bom :La .‘mu than atmos-
pheric (ahort-tuho effect), ‘l.'hia pmusm diffemco apphﬂa a dom=
fmd f.orce on the leaf of elightl: more than - t.he operatina lmt»er pres-'
am on the bottom besm in pounds per uquare 4inch nult.ipl.i.od by the
arez of tho bot‘bm of “tha gate in aqum inehaa.




Tractor Gate leaf
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COnaidering the m gat,a ap: diuuaud above, but. opemung under

T highor heed (u m tbw ‘eage at. Horris Dm), £he su'on wm zm SR
-.\ﬂg;mm-a tha shape of:a’ Yot being diaahargud rru ‘8" lharp-cdgod orifiee, B

the: anore-,-tuba ®ffest breaking down s3.the velocity ‘increases.
- The.stromm, being no longer "brocmy", will coatinu in s zurly
2 uoud, clnr jat for ‘acme distmn after. lcaving the upstrsm udge
| '»of the laai'. As the diaehax'sa pipe. fills with. uatar, auhnerg.ixug thn
;}ot, f.h-re is a. change 1|1 the ‘shape - at 'ﬂ'.he .jst nnd also in’ tha co-
_\efficisnt of- discharga. At. pax-tial gnta Oplnings, w:lth the disabarp

~.pipe. flanj.ng full, thers is8: perual vaoma formed back ‘of the 101?._ G
Tde. may be mduc-d by ins&.alling an air vnntisu' the. laaf in'the

‘ diaeharse ]:lm m Proseure. bolou tho 1«!‘ ut me diseharae h
C atnospheric, bnt. it is. less than: a'tnnuphnric n thﬂ et is. Just. aub-
,,mrmdwnmmuamuvummtmﬁmm ao

: -the pnum‘&-salm tha buttm bm ds: utuosphcm or lom aud,

- bcrore, the prensm above - tho beau ia pracueally full hosd-um
”-;;praaam, mking t&u dompull aaain equnl to: nlix.htly mare mn m

f opﬂraﬁiag water pnsam 1n pomda par nqmru ineh &0 thn bottun s
' m mupm by e am of the ‘bottam.of- the gate 4a nqwo mches. N

' 'l'he uxinu dompnll o5 8 tlat. bot,t.m ‘gate ccms at e ma.t.o epening
" equal to ebont; casthird the- thickness -of the lesfs b . o
S (d) Rffoet er .hpm ‘bottem of. gata.--'ma aemam osn: m
. .grestly redused. by ehansing th' ahcpe uf the: lmm of tna gate,
";;mungm R N T

)\ ¢ t.hia haf is rahod thn a.m amm!bu :I.n the m pmﬂm'” 1 

e Cmntiemd m‘wa, tn@ um 2 becms tha dopth o:t the onmllinz'f:’ o
‘.dinehu'ge ares. m mt.uhr OYthe gm deaf u At vu':laus Aig- |
"twoes fm t.ho noat and thsratura aglm aamt @r mtor :m. ha,w‘_

i ::‘}a m "1“15-7 a8 1"- ‘psgses. ‘cnder ‘the’ lsat. m voleeit.v at
- ;;Pﬂint B, unwins lesm and contuctiona. i.s hﬂ.‘t that at Ao ”

o __fftho volaei.’cy varies an tbo:_sqmn mt orﬂn head, only em-qha.rhr: .
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 Bead on gate about 35 feet. Note the type of discharge.

Figuré 6
50- by 50-foot Regulating Gate - Gurnsey Dam,

_ (e) Teat data,==The following data was taken during teata on
. the tractor gate. It will be noticed that the pressure above the -
bottom beam drops sharply in the model tests, actually thia pres-—
oure in a gate on the face of a dam should drop by about the amouat

the gate is f@ﬁqu. In this set-up the pump was so amall that at
ons<half gate opening the line ‘pressgure had dropped nearly 80 per-
eent. Such a test, to get prototype scale, would require a large
conatant head tanx
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2 (a) Description of gate,——A ring-touowor gato , 88 :melied by

the name, consists of & leaf with a following ring having the same
sneide diameter ae the conduit and a housing of gufficient depth to
accommodate the ring, The leaf may bs raised and lowered on either
eliding or rolling surfaces and may have any of a nmbor of typea of :
seating arrmgcmnt.a. Whan cloaed, the ring-follmr lu.f is ninih.r
to my leaf pla.ccd ina given housing, but when fully apouad the

r;uag, wh:lch ie essentially & section of conduit, is brought in line
" with the opening and presenta a smooth, continuous water passage.
Such a gs.te is partienlarly nll suited as an emnrgency gate for a
turbine or needle wvalve, an there is practically no loss or turbuhneo

when 4t ie in 2 fully cpen position.

" Ring-follower gates, when used a8 emergency gates, are for the
protaution, inspection,: ‘and nmintemnce of valves or turbines. The
gates, under normal operat.ing conditions, are to be oponcd and closed
under balancod preuuraa, but in the case of an emergency might bo
operated under the full eparating head. B.fl.ng-follwar gates may alno

be used as regulating getes, whers the degree oi' regulation is u.u.‘ltd_ .

to one ga.tu in a battery of gates, a8 is the case at Grand Coulee Dam
vhere ai.xty lOZ-inch gatas are propoesd. As the gat.e is being raloed
- or 1oworod 1nrge forceu, dus both to dynamie and atatic water ra—
"nctiona, act an t.he 10:!. Toats were run t.o dotermine the axtent of
these forcaa and also a means of reducin.g or cont.rolling them.
(b) Description of model.—A 6—inch r.tng-follmr gnt.e model _

(drawing No. 222-13—1752) was made for this purpose. The wat.or load

‘.@n the leaf was carried on roller chaina, the leal never a,ct.u.uy ,
- seat.ing sgainst the houai.ng By use of the rollers the friction bo- '
~ Lwean the leaf and housging was reduced to a nininm. -8pring acalu
| “,wore attached to the stem and in this way the sten lcade were read

- -directly in ponnds. ‘Piesometera were placed in the pipe and ‘housing

__for preasure readinga, and the munt of wter prassing t-hrottgh the
oystemn was measured. by meens of & V-notch weir, '
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Above is a photograph of'the_6Aiqch‘ring-follbwer gate ﬁodel:‘
in line with a S-inch'interioratypé needle valve. :

Ring~follower gate is fully open, :needle valve is 20 percent ‘-

open, and the line pressure ‘is 28 pounds per square inch.

(¢) Hydraulic forces acting cn gate.-+The effect-or'the dynamic

_pressures.willlbé discussed first.




The sksteh above shows the leaf ina half-open posit.ion. Dne to
the aomiellipticu. shaped water passage and the odd shape of the -
approach section, it ie ‘almost .'mpouibln to oata.bliab accurate flow _
lines. The flow 11nea indicated are those of a nctaml&r pipe m-
tion and leaf having & relatively high line pressure and diecharm.ns
into a short pipe. With & lower preuuro, the stream lenmg the back |
edge of the laaf tends to be “bmmy" The £low lines =y be comiﬁmmd
quite similar to this at the oentor-lina goction of the ring=follower
gate.

The roller forming a part. of the npproamh hu little or no effect
on the vertical forces acting on the. leaf. The upper surface of this
stresm has the same tendency to break i‘rom ths upper half of tha ring
88 did the stream from the bottem of the previcusly discussed mllar '
gates, mnning that the pressurs on the ﬁpor half of t.ho ring will bo
either . atnonp}mric or luu, deponding on the head en the grte and the
discharge conditions. The roller above the bottom hs.lt of the ring
is rotating at a rate which is determined by the friction of the waw
paseing above the roller and by the reeistanse to rotation of the rirg
and gides of the hctming. As t.ha rotat-ing fluid, due te ceﬂ.rifugal
‘fume, exerts a pressure in ita rmiial direetm on the uoﬁ'm.ﬁ.n;
surfacoe, it caunass a dmmd preasurs on the riag and tends to
raise the lower sn.rfaec of the strem.. Dua tm the ‘Tact tlut the m.%am
48 not entering the. raetrictod -opening a,ymnetriua,.ly about ite hord-
sontal cen%r lins, a meond fnrce is applied to Che leal. At loast
& portion of the sirosm makes a alight turn as 11: entera the gaba m

4t has an effaot similar to that p?oducod by clirecting 8 stresa of
water onto a flat platm 'I‘he verticel eomponent of this foma Eill
bs a funct.ian cf the velocity ard volums of t.h.a stream and of the
angle that it mekes with thw phtc. The amuut of farce @mmﬁ by
the above-mentioned t&etwa could be maumred caly by msans of tho -
epring scale on the sa% um This gava the total dom,pull camd
by the cmbigzad foms on a 6—imh mte direetly in pomda
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The ranwing uams gw tbo ratio ‘of ipallito; gate opanmg m
urioua prenam hsadn. In’ tm.a ‘capse’ the pmssm'—' ‘head: was: uintaimd
by mana of 8.3 ,Omwgmnn-pcr—minute o r.r.rii‘ugal p&Rp - a%hen by a
uriablo-npeoﬂ 75«hwmmor met oorg. ‘ S

‘Hoad on: ‘6losed. gate. For. ch.-\re Ho. .'L 20.7 feat of watex', Wo. 3,
214 5 fost; and No. 5, :62.0:feat (sve- test: da’u ‘page 30), | :

'mia forea, &b the maximum point, ‘is nqml to: appmxmml;r cae- f
qwtcr of i the: oporating hoad in. pouads per: aguare imh mltiplicd
“by:-the projested.area ‘of the ring: in lqmre mm- (:Lnaide d:l.amt.er)
Hou cloae this. ‘rule. w.ll'.l. hold ror actual: 3&%: i.n arvice ‘080 bo" t.o].d._-
‘only: by rnnning tosts- on. nuu.h gatou msdar £4ald: condiaim |

" The abmm%iemd ‘foroes are:dus to- mtur pascing: through the
ring port:lon of the’ leat. ‘There 'da-a: aocond gt of i’ams ‘witdch: act
~on.the top: md betwm uﬁjoewd aresg - of 'hhs loat, :l.noludiﬁg 4the
‘roller: traina. “Sueh’ foress are: eauud b,y pmuma of . rs].at,s.wly
st.il.a. wator and will be. lpakan of as statie: water: proaumsu

R:nfcrring to the akeﬁeh of t.he ring-follmr -gate » :page 18 it.
.can. be:seon that the. water in: the. loucr houam bc].w ‘the leaf ia om

et ths maj.n ‘stvean. and" :u pncticnlly stat:.ic. : Iia iee asamad that tha
~side. clurmou hutmen the leaf: and housing ara nﬁﬂoimtly clv.me '
%o allw but a- re.:.auuly m&ll mount ed‘ wahr te pus hctwun m Y
mpp@r ‘and lmm- hmings -The proum in tﬂm lmr housiug 48 ahmb
m—hﬂl!‘ .'u.na pressure st 10 percent cloanm, m 1t remains: at. abeut-“
that mtio untu 60 parem% aloaod ‘Mline pmum' being comidsm
the prasanre in tho u.no far?w g:lm @t—e M Au closm dg-
cont.iuned th«& mam ra.tio dccmmn, }romm.ng &: MM of m«-
third of tho line msum at f Y J.O pomnt, epm.ng, than incnmn

to full: 1.1m preasm a8 ‘&n go.too is empl@tely clsaod 'The . pa-aa-
:gures in’ %he lmr hema.nz wm ot affwtml br mll chmges of up-
atram ud dama‘u-m ahm:mu botmen th@ lsar mﬁ houaﬂ.ns




s

. The: cont.rol of - prcuurn above ‘the 1eaf 1s etricﬂy o matter af
‘elmancen. ‘12 there. 3.5, a8’ ahmm in: ths akuteh, a relatively. larga
"-elonmnca bmw.wm the l.m.f and’ the upstman ‘hoveing: empnrsd to the
- ¢lesrance on the dmatrem side, ‘tha: ‘prossure 1u’the upper. housing
‘um be vary noarly eqml 2o the line: Fressure. 'If the two cloarmm
‘are equal, the: progsure abswve the leas will apyroximately equal tha |
_averege of the upstresm and downstrean: prouma. By making the
‘glearance c=all en the upsirsan: alde and relatiwly large on the. dmmp-
strean side, similar to the ean of the leaf shown o drawing- 222-D-1?§,
“the pmasum ‘in the upper hoveling will be: gmrmd by the: pr@aam
4n. the discharge gonduit. In this: 0aus the pragsure in. tlm uppmr
housing wiil raw z’m &ma than: a&mapherm %o but-a: faw poundo
"pmmumo C ST .

Vihe @ffemm of tm msauma in the uppsr and lower: aeuﬁ.n,ga

‘may cozbime to form s sewimw: domard forss. ‘equal to two~thirde of N
“4he. 1ino.  proazsure: mﬁtipued by -the. emm-»m%xomal area of the gate-

%o 8. m.ximm uplift squal o one-half: we line pmssm multiplied
by .tba.t‘ms:&ma. “In edther csge the peinmt of .maximum force on.the
.leaf ocours when ‘tho gata is nearly ”clmed:wd ‘the. uha’::proaam'fia
prm:ticany egual-to the full" head on'the gate. ‘Thorefore,’ by 6.
-eareful selestion of clearmmu a gate Ray be deaimd in:guch-a

-‘waay that :the ‘statie md @mm&c forceu prewn?. whi_le oporat.'mg tha
”1aa.r wul tend to- oppoao 8ash other » t.hna o!feetin,g a guat saving
en meelmy hodst. mqumma. k

“the. static and. dgnmie ‘foress mentionod. -above act on & ring-

;'.tollcmer gate w:uether it 18 uiwd or ‘lowered on either. relling or o
ifslidi.ag snrncu. On: mlling aurrasas theae: foreos m.y bs largs: o
pared to. t.ho roll:i.ng usistaneo plus: tha dead mi@t of the. s&‘m.
_’.x.a sush a. enm cmful baalmming ds z-equiud iy %ho aaving in hniat
mpmity, dm to tm uzrs: ‘ﬁr M.llers, iz to be fally mtmmd. *If
‘l-alid.ing suﬁma &re t@’m mﬁ, tha hoiut, haing meswﬂy uf euch
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| (c) Alterat:lm and maultn.-—&tter tosting the gute with thc
-__‘“ralatively large clearances. between the lsuf aad upstream nide of
 the houeing, tho leaf was reverssd; thet 1s, Flaced in the poait,ion .-
- ahcwn on the drawing. The following data wes obtalned with t.hs
leaf in this position: With gate half oponad, 3-inch gate opaning,’
- and the motor somtrol m'h at No. 1, Ko, 3, and No. 3, the stoa load
was 18 pounds, 15 peends, and O pounds, respectively. At the Noo 5
oetting the holst was removed and tie gste remaimd at that 3-lach
"opsning. By S.ncrouing the head on the gate, control pointa, Ho. 7,
No. -9, and No. 11, the opening was increased to 3-1/x¢ inches, 3-1/2
“4inches, and 3-5/8 :lnchu, mspectiuly, ths laa.i' being raised and
held in pouition by water pressures only. A% No, 9 potor control,
h2-pound maximup m&, Ly dmurd forge of npm%oly 70 pmmdai

on the etm was required to cloaa the gate.

N
g

The tests proved that the stem load emlld be controlled by -

varying the clesrances betwean ¢he 1sag and ‘housiag, Themfero, a
sories of attempis wers made to dstermine a aat ef elearances which
would giw a faﬁrly well-balanced load throu@mut the travel of the

gat.e. The disk shews on the fellwiag pege waz mmmd in t.he upwo
;‘providod in the loaf, demtraam zlde am:l ths rm,owing rwulta vsem
' ob‘tainod. g | L
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- 6~mcn RING=FOLLOWER. G.m (6-m:n mm) '
_46-Ineh Pipa Downstreau>frnn Gate -~ Grand. COHI@Q Hodal, Aug. 5, 1936

“Metor. Control He. 3 - Head on Gatm a23,23!
Upper: 't - Lower 't , it - 't Load -
_ Gato : Hﬁuning : ‘Housing: - Line ¢ Diﬂahargas on
. Opening: Pressurs: Pressure: ‘Pressura: 1 1 Holst
. ‘Percentd"t..of H20:PS.0f EgOtho‘df'.'HzO: Fi. of HaD .1 -lb.
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The lnudmgata opening ourve for the Bﬁaﬁﬂ coulno gate modpl
chows & rather well-belansed dezign, the high poist baimg Zound ab
about 10 percent gats opsning. Th@-regeonwfnr 2 saxinum stem load
ia that st this peint the downstresn ¢loarares hes been vedmmwd‘ﬁa_
a5 o equa) about the saxs or lsse then the upstrssn eloarsncs.

Hext, & %@nt wag rum to determime Ghe effast: of water pﬂamimg
through the ring ssction ag the lsaf iz ralasd o Lewerend, By was
¢f & blasder line Tyrom the przp o the upper houslng, the PTOSSUOS
in the uppsr and lower housings couwld be balenscsd. | The remaining
fores, that caused by the wateyr pmawing %hr@ugh the leal, wan
zeasured direstly by meawms of & spring sosle abtached to the ‘atem.

m@mumMgmmumqu%mmm

RIRO-FOLLOWER GATE (6-TMCH MODEL)

Augush 13, 1?3é
‘mmrMMM&mu1~MM@n%wm3&M'%@

' Top & Bobioms ' t

Gate 1 Rousing Lins zHoimt:Bynmmi&x
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ﬂmwox.mmm GATE (é»xmcu HODEL) e
August m, 1936,
Hotap mm@mg m.zmmm.mamwmwﬁ Ho : :
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mm»mm GATE (&IMH mﬂm.)
Aumt 130 1?3&0
“Motor Contrel Ko, 5 - Head on Gate o &l 95' 1120

g *Rp % But.tmn ‘ 5 3 1
" Qate 1 Housing ldno :Hoistz_nmm_ﬂ.m
Opanﬂ.ng 3 Preesure stmw:o 3 loady Fores ¢
Parcent Pt of Balh  sFb. of !!203 Io.1 Lb, 1
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&ns diacuwiozx of : fmic torcu on paradom -ga@es ‘.ﬂ"cr curves ;'

Cylinder=follewer gato.

(a) Daseription of gatc end model.—The eylmda?-follcwér égat-é s
drawing Ho. 222-D=1733, dm'iveu ite name from tLhe mvabla eylmdar.
Tia cylindex may bo plasod on either the uputrm er dowmamm
_ side of ths ha.f. It 4s mwad into position by m&na of water ;rw-a '
gure. In thim paﬂ;gmlur gat.a with the 1mz iz & radsed peai sion,
thﬁ cylinder may be aovd upatrem, mki.ng 2 eon%inwws water paas&gm
-thrcngh the hmlmg., m cylindor, wen moved iniw thia pmition,
alm sesls the wat.ar Zrm the hmm.:!.ug, an,awing inapactien and mﬁ.mno s
nange of the gats ‘without throwimg the me out, of mrvm. Ths n.c-- ’
smmging pbot@gnph mwm. ‘that fact. The eylindezkvfailwor
gm&a 5 é-iw:h modsl, in line with a z*ins-fellmr @m end needle valw y
has & 1m0 pressura of 10 peunds per squars imsh. By maving the c,yln -
Ander upstreem the leaf may bo rezoved Pron she hm:?.ng without. |
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interrupting.the flow of water. The nsedle vnlva"wasuthrottlndudoﬁn
until e pressurs of 35 pounda per square inch was recarded‘without
Jozkage into the

The soating surface of the . lgar is set at a slight taper, I/L

inch to 12 inches, the matehing aeat on the: housing being set at

the -same taper. By tapering the seats in this fashion and by carry=
-ing the water lcad of the leaf on roller chaing, the seats do not
cama"into«contactyexcapt:whanﬂthe gate_ia.cqmplatelyuélgsed.‘.Sealiﬁg




1An the mods) wae mcesmplishad by 1eaf-to-housing Soatict, stellar
0 a slide gate. The prototype will have a ‘aprmg-. ‘@r frubbmr,-}.oﬁﬂéd E
_ring seal, | | IR |
: . {b) Discuasion of hyd:raulic forms.-»-‘mm fomm on thim er
during closing or - opmmg eperations wers qmi% well balenced. lm
nplift. wag caused by the uge of a sloping !wttm on the lsal and ‘bo=
‘emwo of a square gate operating in a round comduls, Thia uplﬂ..ft in |
‘balancad by a p.mwsm in the upper housing,: this pressure beirsg gon-
trolled: hy clearamm ba%mmn the isdf .and the hmm&ng as in f.h@ .
| case of the ring-fellmw ga.ta. The downciresa clesrancs :i_n this
cage is. inhsrmt bemum o the alops of the 898t ma!tim the upe
strem clea,mnam tha coa,'mlling factor. As thm gm‘w is. clogm, _
‘the pressure 4in the hounsing, that is, - above and m:l.w "r-ho 1eat, .is-
ethl to the head on the gete. Dus to the dﬁ.ffmmmua of the effm-
bivs arsas of the top and bottom of the.gate thore js a dtwnpull
equal to that diﬁmmo of areas in square inches mlfsiplind by

‘the watar pressure in pounds per aquam inch. If ‘the cslaamnms
betmesn the leaf and housing are properly pmwrﬁamd the . down-»
pull at closure ia ¢hs: maximum hydraviic forse o be: comidmred i.n
the design of e holst for this type of leaf,

(o) Tost dathe-Tost data from &-Anch eylﬂ,ncl@r-fnllmar gat.e
is uahm in the fol}nming 'babla. '
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-6=INCH CYLIMDER FOLIOWER QATS
No

iPrecRure &b | ,
‘¢ Bobhbaew of o load
‘Praasure - :  Howsimg s on
-lbo/mq;inu -3 lk‘t mom: m in lb.
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Gate Opening .
in Inches
6

he)/2
3-3/4

1be/sg, in., .
32,0

15.0
29.0
54,0
740
845

L B2.0
80.0

114.0.

'130.0

“ s

RN
350

A5.0°
45.0
0.0
25:5
e x B
40,0

11.0
14,0
17.0
R2.5
40.0 32.5
42,0 48.0

22,0 18.0
38.0 16,0

H
4
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3930 B ] . 12.0
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p o
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z
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33.5
36:0
3745

39.5
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15.0
62,0
9940
5‘8695
- 82.5
127.0
136.0

17.0
378

14:0
17,0
‘42,0
28.0
AihaD
‘i&scg !

42,0 20.0
’ M‘o 25.0
bdy o © 38.0

4ih o0 42.9

é. Qtﬁgr_g_m Hoiat ‘requiresents to operste any typs

of & regulating APOI Fﬁeﬁan Plus eor minue the weight af the ROV
_ing parta, minus the oﬂm of buoyancy, :plus the static or dynandc
“water pmsumu act.ing on the leaf. The mlnm ponaibla at‘fant
of pmaaures e2ting on a. Lractor mto on the x‘aee o a du, hav»
4ng .siedn plete on: the &mstmam aide, is the aun of tbe waber
pmsaum-—boad on t.ha bottm bsan in pounds por squnre dnch :and tho
'M—pound per sgmare dnch atnoapharic pmseum nultiplicd by the area.
8L the bottem. af the gaﬁe An. gqua:m imhea. If the skin ple,tu :h
on the upst.x.-em Tace of t.ha gam, thu wator pmsam ia mmumd e:n




-“'t.he top of the gato. Th:la ‘holds m- either mmfpd or rrae watcw
- surfses t.ypoa of gaﬁm. ‘!’M.a preasm o220t BAY ha part-imlly ‘oF
eomplotmly sliminsted’ by prop@r ahnp.lng or vqmu.mg of - t.he hot.m of
the gate and appromh.- 17 the ‘gats. in to bo md i 8 prmmnm m,
the pressura above the. gam my ‘be contmllnd b;r sareful aaloution
of clearancas bctwwm ‘the loal and- hcuuing, both ‘o0 ‘tha uputream and
downstreen oidam, ':ma rm-rollomr gate im L) npeeial ‘cage of the
tractor gam in a px-tmm ‘1ine ami 1t haa fmxr sarfemn which: m.y he
- :aot.ed upon by waser pmmamb, givlng a; pmmiblc dompull ‘of ‘two~
_th:lrda of the presswe head in pmmdm mr squm Ansh mult-iplied by
the pm"ojmcwd area of the %op o of the lsaf in nqm ‘4nches, or an Up-
| ilitt of one-half nf the pressure hee.d in pounds por square inch mul i
.plied by the samo m&_. By proper selscilon. of elearancss thua
Lorces may be balanned go as to p;-oduus ‘but & slight effect on hoist
‘Fequirements. | | o N -
Anot.her foaturs to ba wnaidared 4in the duim of t,ﬁo @tm
in a line » e acting a8 an oparating gatm ’ i-.he other 88 an amergnnny .
gate, 1is the distance botwsen getes. This diﬁw st bo groat '
wnuugh to allow a Wau.ie Jump® to. fam bﬂman gat«ea wi%h w~
- atream gate at a thm%.ung p%ition, or the dmﬂrcm sate » which
might be.a needle va]:m 2 lﬁiﬁﬂt be . d.eaigaod to uithst,and tbe farcs 0:
.the "off cantar® Je‘b. ‘ !
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Sub:ject: Flold tuim ‘on downpull on 16 S5-foat’ h: 38.5-1‘oot- Horriu ‘
tractor gaiw ba:lm lowared under cmmay conditiona, snd
¥ cmpu-imn of salowlated lcmia for tha ' Bamsy candiu@m. -

;B;g{_emhua

Hmorwdwu 123 czmr Deaisning Enginecrs ll@del Stud.in
of the Hechanics and Hyﬂmulica of. Large Coniaol {Gut;aa - June *:17,- -
‘19370 R |

- Yest Dats.

Curves foraished by TVA. Photostats pages 3 and .
 Galewlations from fest L o

.’Weight of nﬂing parts in a.ir (eatmm). ele ZA0,0% 1&.
Weight of Bovisg parts .m mur 6. a/v.a z zw,mo 209,000 1b.
Use 210 Gmupouud migbt m mt-er.

1y

'chumaﬂo.land&: - S L
Thirtess. ua:lta ‘reprosant. powep - dmm l@w'i,ng -t,l_z's‘gm‘ :
~under balanced cmthna : | |
thtw unlts rapr@aent pomar uﬁ in rming t-ha aa%"‘
under halaucad uomiﬁam '
more:mn | ,

2101-,.% rr:lction =33 nnits '
a.m,oso * friction = 35 nnibe
2 frietdom =22 wmits
. Freistden .3 wite
o Ben = 24, anite -m,m 1. :
lwtt g0, i
*‘n uite 96,250 b, fristion.

4




_ Por- nll ammuma the fricticn 4, mmmd to be- pmpor-
“tionsl to the losd, Jn thig computation Lhe- rrwazm iz J.J,/za or
C.458 of ths load, -

/From curve ‘He. 3, power d@wlomd, mmt mten bleckod opnn
during lwari.ng the gs‘u {emargency conditien).

‘Pourteon uiits = load on hoist harara gaim rauhﬁd ths open-
ing. 'i‘hemtom » the increassd: Load on tha cablo e "dmmpull" » &t say
-position is uqual o (mding 4n unite at that poait!.on m‘.nus ll;) x
1.458 x 8,750. _ : o
. Haxlmum * “dompull® = . (32-14) x 1.458 % 3,750 230,000 1b.
Se0 curves for losds ab mrioms -gats openinga '

Gate opcni.&gu i x‘eet are: mrkad on .gurve Mo, 3. B3 311.1.

‘ba mt.ed that the surve sressos’ ‘the 1, vnit. .u,m a‘a one foot.- tpuning
or cm fmt. from hhe @m umu;. “On t.he "dmmﬁ gats omning curw
: this ponition 43 cmaidersd. BOX0 gabe apem,ng m: cne foot . shauld
indicate the disf.mw Pram the ‘811l to the. uwp. anm:.y the sill- 1:
‘only eight inshes sbove the stap This dirfmmu and. poasibly e ﬂ:lm
diffemncs in the: mu:itd@.m of the. wm‘w dom;mll" 1s pmbably duo ¢ .
the: atmtch in the. eshle,

o Ca.lcuhtim ef 'dmmpull" on. H@rﬂm tmstar gauo :
Wwsn:

Yater slevatien. . . . R , ‘.1001’.7«-:@.
Gote stopialevatien. . . . ... ... ... 852.78 £t,
SLIL 6lovAMeB « ot Lol iyl o 85345 fU.
:Eorml mx.-wat.ar elevatmn. . o e e 0 s e 833 . fo.
10017 ~ 833 = 168.7% 2. head- on tushiae W |
Load on turbise = 55,300 kilowat %8 (Cﬂ.m)

;..-Anstms 85 yamt etficiomy.
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" Area of wicket ‘gate ‘baged ‘on "cdéf.i;ﬂ,cimit of dimchm’g@ i |

AQ/-& - ‘ 1&6“) . ' Mez ﬁqo N-
ViR a2 VI
This gate area . and a coefficient of diae:harga of 'R 90

through the. tract.or &te openmg wore used 1n ealanlating the pma-—

‘Bure drop thmugh tha trastor gat.ao o . :
- "Downpull® ‘is defined as ‘the diffemm in hoiat la&d m-

ft.men opera?.ing tho: gata under hnlam@d condi.uem and und@r amrgmey

‘or free diacharg@ conditiens. 'rh.‘!.a difremm s saused by a: roduc- -

-‘tion of water. pmaam asting upward ‘on' the mm of the ga% lea.f
hsouwning the botitem Ibesm of the gate 1s. parforated as

3 nhom, then the full statiec head wi.ll be axsrtsd at- (1) Iat -,(2)‘;bﬁa \

any. nection belaw the gave lsaf.
Then w:ii'.in.g Bornovlli's theorem frem: pmzﬁ.ona (l) to (2)

2

B (qy=hy te T (2)
R |

where . ‘ _ :
'H‘.-(l) s the unit prus.mﬁm‘i*actingo'dow mfcatof ‘w‘&mr‘.
(2) = the upit pressure. act.ing upward, ‘in feet of water.
v (2) = the velocity af the w.t.er flowiag wndar t.he gam :Ln
reet per- aaeond. - :
( 2) = the fz‘i.etion ].nsaea, in fset of watez'.

Friction logses m bein.g ignomd inthis. cmpnuticn, therwfem: _
2

H -h a ¥V
1 = Y2
Tt 2

~or-the difference i.n unit preasma is then. eqm %0 t.he veloclty
head of the water paesing below t.ho gat.e. ‘l'hen iha cmtion of m
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£3°10-1/2" fnehes -
SO VEE inches.
K= -8-fineheg T e
iSloge ‘Tor. Case I = (g) = 0,202532,
Slops . for Cage 1T = (m) = 0.761004,
n - 45 al@pe =1, Gﬂ e

;»R - gete opaatug ia 1nchea {coptrolllng sa~tzun)
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f Examplm ‘i“ln'b"tf'n‘;u | 2h'éin¢héue )
Ty 576, (-0.009766 * 0.05&688 ~ 0.016393)
1' ‘w576 % 0.,0@8529 - 16.&3 ‘4nches.
Dawnpull - P X 0.&33 X iTg. X W,

2’127 x 0.&33 R 3.6.193 x! 198.
e 178,,393 1b. -

‘fD:lucuaaian of Roa%
S % will e mt-ed xm tha "dmanpun" gat.e opuninga emaa
‘ ‘t,hst the - "dounpu:ll" ‘a0 aham by thc t.ast curvs rcachea "y himur nxi- .
';me than either oi’ tha ealculat.cd cmen, almo thats t-hcm .ia a. mparn
fauon of ‘the cws fm the: mimm p@aiﬁaa mthm gah openmg ﬁf
_.about 13’ feet is Teached. Ramm tor the dﬂxfanms wtjbm_; f(l)
?:Neitlnr of .the bomiary .'u.nea md :ia eormt. m u mmly a.a, appm.if-
: ._lj'mtaion.- Tha boundary l:l.ms nill not rem:!.x; aem f’or !11 mu
. openiaga. (2) “Tha. coozﬂeiont . diachnrgo wn mtmd t0:be: 0.90

~and; const.a.nt. mr 83 . @t@ openim;a. ‘Ibe coerricicat ia pmbably a




var:lablo, eapmoially bafma nnd ui‘tar tm peuamk hu' rilled. _;(3)'.
Regain of vel@city hmd m mglact.od, thia ﬂ,s pmbahly the groatest
sov.u'ca of error. (4,) All nalcuhtiom m bmad an a stu.bmmd flﬂ'
for asch pomit.ion, but. in: actm eonditions “the effsct af the mté ba-
ing continua.ny lomud wﬂ.l nmkn Bome « di.ﬂ'emme in ;t.m dmmpnllr
(5) ‘stretch in tm c&hloc may ‘shift: the: pouim of gatm opmj.ngg
sliaht;ly. (6) Mllar' fristion: kuw bun mglnaw

In ‘gpite &f - em a.bom-liutod poaaibla u@ums @.‘ m:.-rar,
gLty .’m belioved that: umm" mn be calcuhtod mnt.his mwr
'cenas.nunt,ly within 15 por«nt of the actual 'dmwll"
o Curve Hoe A (mim.ag gate bnlamud eonditian} appmnﬂ;
ahows ‘that ‘the. psmmk was 2ot cwplet-aly mu Hdta ttm cma.ctar'
or t.ho curvs: m%il a halmud comdit.ion WAS pmdmed.

A set of praazmm adings taken dnmmm frm the gatw
wuld b@ very: hel.pm in. aalculating ths rega.‘m of vclacity ho&d j.n

the psnstock.




