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1. Introduotion. ~On Juno 23 1944 tho Bureuu of Raclu:ntion
ceived a letter from 8. Morgan Smith Compmy trlnlnitting l doaign or _
e 72-inch Howsll-Bunger valve fittod vith " hood to oonrine the jot

A 6-inch hydraulic model was eunatruotad looording to this denign tnd

tested in the hydruulic lnborntury. Tha resulta o!‘ thou testl waro S A

preunted in Hydraulio Lo.borntory Report No. 156, a oopy of '-hi.oh m o

sent to S, Morgan Smith Compnny on Hmrombar 30 1944.

In a letter of Jmary 2 1945 to the Burnu of Reohmntion rrmn T

S. Morgan Smith Company, it was stuted that "A‘thorough oheuk-up by ourff o

Engineering Departunt ahon tha.t - regrettablc error. hnd onourred on

our pert when we furniohed Hr. l’arnoek rlth detail ot‘ tho hood t‘or n

72-inch valve on June 2%, 1944.‘ About the only excuu we oo.n otfor ror*."‘j‘

this mistake is the rush of vartima oontracts :nd the shortqge or mr“l
power in our Design Departnwnt. Tha dimonaion ot‘ 104-inml for tho o
inside diemeter of the hood uhioh uo fumilhod ltr. Warnock chould h-:re  :
been 117-inches, whioh wouid ohange the 6-:anh modol hood from 8.667
inches as shown to 8.76-inches." | | '

The letter atated further "We reulize these changed dimensione




would grestly affect tho ooof!‘ioient of dinhnrgo, prouur. rnotor oy
ourves and unbulmo.d thru-t ohtrt lhm on figuru 5 8 ond 7 in tho
Bureau's roport md we - bolien thnt . mw nln hood nnd -ul pluto

ghould be -u!o

Morgen Smith Gomplny. and thn Buroau ct R-olmntion. 111 of' vhieh 1
included in appendix A the toats hm bun rnoonduot-d uth tha valn

llt-rod to canform to .the new diunliam rurniuhod 'by tho mnnurncturor

sand the sosts cherged 'bo the City of S-attlo'l nonount luitl'bly ou-nu-h;:_‘.}i Gt

8o that the City of Soattlo can. ‘bo ro.tm‘uurud ‘by tho S. Horg-.n sutn o

Company.

2, The model. The 6-1noh bron:o nudol nln of thc proviou- tut--'\f“t"” -

was revamped, figure 1, to oonform w:lth thc dimsnsionn mrnilhod by let-h":\ -

ter from 8, Morgen Smith cumpany dated u.ren z, 1945 (appendix l)

changes involved loouning tho ribl nnd moving tho oono forward to pro- N

vide more eclearsnce botwaen the 'nlvo ’oody and the uat remuhinins s

the downstream face of the oone dooreuing *'r.he bue dimetor of‘ tho

oone, changing the nnglo, dimter, and thiol:nul cf the"aont ring, and 3

making a complotoly new hood. Tho o.lterutim. on tho ‘vl.lvo, :‘,th tho

exception of the hood ware minor, being of tho megnitude of a faw hun- ‘=

dredths of am 1nch.

g. Ruultc of tostl diaoh ;rgig_g nto tho Atmolphero with hood. i

The u.lvo was uaelblod as shown in figure 1 and placed om the toat lino"_

with suitable piercmster oconneotione, as indioatod in the figure by




numbers, to a unirold and mrcury gqg. md th-n tutod uth tho valn
set at various openings botnun uro and ﬁll-opon pol:ltion. Tlu ro- ‘_f :

sults are shown in flguro 1c where tho pronuro raotor F md thn

coefficient of dinoha.rgo O hnve bnn plottod ngaimt porcent or rull- o

valve opening. :

the mensured piuomotor prauuro to tho totul haad (ltatio
-, :

locity head) one 1n1et dimoter upltrem tron tho vl.lvo.

water and the gate 60 perocnt open, follow tho 60 porecnt Iim until t
intersects ourve Pe, flgure 1 nnd rea.d tho vnluo of‘ tho prouuro fa&or

at the left which in thiu case: ia 0.165. llult:lply 200 tin-a 0.165 m.‘

the resulting pressure 1- 55.0 feat of ntar. Likewiae tho pronufn 4 |
Plezometer 4 il -41.0 !‘ut of' 'ntor. h this prelauro il unnttain-b__ e g
the result. indiontu thnt vapor prusuro of ntor or tha mimm n-g .

tive pressure cor- rasponding to tho exiating ntmolphﬁric oanditiona will

exist in the prototypo and pitting due to oavitttion mny bo oxpectod vith‘_‘ :I_ L
heads of thio mngnitudea Aotun‘.lly, the - prouure faotor mma chov thut :_' :‘:j;"_":‘}
the vapor pressure of ntar uill oxiat nt muoh lmr hoads tnan 200 toot
of nter. Curves P1, P2, P3, lnd P6 lhow preuuro raotori bolow -0.40

which indicate that the vapor prouuro ot‘ weter will cziat ut thau |

points ‘with heads as low as 75 feet of water: and, gnto oponiugl botnon




60 and 90 percent of full-valve oponing o O
It has been found that if thé';é od 'alue of tho presaure at lny

point in the wvalve extends below the vapor preusure of uator, it“is not

possidble to predict with aocuraoy the corruot preusure at any pointjin

the prototype for the particular head and valve poaition in queution

However, this does not preo;ude the ues of the data at any other_valvoj1‘f‘ﬂ 
position or heed where none of the ioulod reaults exceeda ¢he Ve
sure of weter.

The ocoefficient of discharge, C reaohss a maximum value_of 0.895

at 92 peroent of full gate lnd falls baok to 0.850 at maximnm opening.,;:iisﬁ
The high oaefficiont ohtained at partial oponingu was due to'tho n.glti?‘ﬂ H

pressures which prevailed ut the valvu aeat tnd on t

soaled negative prassures are beyond the vapor pressure £ wlter undor

reasonably high haads, the coorfioient of 0.895fu111 not-oocu _inmth'

prototype and the valuo or 0 B5 is probably more neﬁrly th‘
for the prototype. | . i

The use of the hood on this valve createe an unbalanced thrus
the valve which acts opposite to the direction of flow ' .
of the force hes been oomputod by ;ntegrating the results

sure measurements in the valve and haod (saa appcndix A)Q

have been reduced to tho foroo on a 12-inch valve under's l-foot head,fimél ¥ s

to simplify the computation of thn thrunt on & valve of any diametar. kiijﬁ;awu

figure 2. The prototype thrust can then be obtained from tha formul!;iﬁirr‘ |
T - nzﬂt where n = valve diamotor in feet H - total head 1n fget

of water cne dismeter upstream from the valve, t=a phrust value se-

lected from figure 2 for a particulayr valve pozition.




The maximum unbalanced thrust for ‘a '.'a

-inch valve amounta to 55 soo
pounds per 100 feet of head. This does not 1nclude the balnnoing

of the friection drag of the water on the boundariea.

Howaver, thiu is 5

The thrust obtai ned with this hood is considerably lass, 58

pounds as compared to 94, 250 pounds for the hood used 1n the:teats da-

foribed in HYD-ISG. The decreqse is due partly to the increased neba-‘;jff

tive pressures end partly to the fact that the jet was not turned through }g i

the entire 45 degrees but left the velve d1ver

glng at A centr‘IQQngle

of approximetely 20 degreea. Had thu jet emitted parallol uith'ths'valv ”

exis as it dig with the: smaller hood of the prev:oua design tha thruat

g

would have been 1arger and the severitv of the negativo PreJaurea somo-~v”“

what decreased.

4, thout

Results of tests with discharge into the atmoqphere

hood, As in the previous +ests without the hood:

111 pressure§ on thJ,
valve were p081tive. A satlsfactory hvdraulic :formanoe of tha valve
may be expected under any head. | 7‘>HW. _"*u |

The jet em1tting from the valve spread; ﬁt an_angle of approximutaly

45 degreex, causlng a conslderabla amount ofﬁspfay and fqg ‘o form.' This jﬂ

would be a disadvantage if - the 1nst&11ation were near eleatrical instlloi__:7

lations or in cold clima*es where severe icing conditions would bo a

hazard,

The maximum coefficient of discharge obtained when tested undor o

these conditions was 0,840 at the full-zate posztion. This was practi-

cally the same value obtained before the valve wae altered to tho

dimensions furnished by the S, Morgen Smith Compeny on March’ 2 1946




5. Operation of the valv: subme Eed.‘ Thela teatl wore not rupontodlk

with the altered valve beoauso thn main fcutu-cs of tho valvo uu'.'_:"tllun-A=
tielly the same as in the previoun toatc ruportod 1n Hydr-nlio Labort 2_”

Report No. 156 and uimilar performanoo oould bo sxpeoted

ness in this report the raaulta of tho previouu»:   ' "'51ncluded hsra.:J fi»:=77

The tests were msde with tha valva lubmﬁrgpdisufficientlj to kaop
the jet from breaklng tha.water aurfaoo. Theloborri;ient of diuahlrgu
curve . for this type of operation ﬂithout fho hood vory nonrly eoincido
with the one for free diacharge into the ntmolphere.

The pressures obtained with the arrungemnnt indianto nogativo pres-ﬂi'

sure on the velve gate and seat ‘of such LS angnitudo tha : avitation oros-;;* :

ion may be expected unlesa the oporntion iu limitad to_vnry 10- hoadm

Dam to keep tha Jet from braaking through the wnter aurfaoe : Whan lub- : lﬁ5”""“

ing on either side of the jet oauaed 1t to fluotuate from aido to aido

creating a condition which nould oause conaiderable scour of orosihlo

‘material. The ‘Jet oan be atabilizud by admitting uir to the inner por-{ ‘"Hv;" i

tiong howaver, this aeration will not relievn the negativu prosaurec _
on the velve. The fact that the aeration stabdlizod the jet indioatoal'
that the nngatlva pressure existing in tha jet 1nterior was the major

factor contributing to its inetability.




Some tests were made with the valve disoharging auhmergedfwith tho'ﬂf'ﬁaﬁv

hood in plaoe, ‘a8 & matter of‘ reoord. Whon operated in thia._ma.unor‘ tho
coefliojent of - disahargo was inoreaaed duo to tho increaae in aeveritj
of the negative preagureo. The results of th:s oparatxon:have néoV'lﬁ
except; as~a'mattarfof-roooro. Any;prototypo nstallation o£ thi kind
is net recommended, N s |

6. COncluqions. K

free discharge without the hood attnched.j It wa znot po:oible

pressures on the O 667-1nch radius at the downstream end or tho Halvo

use in this manner.. qualtlonable.‘ Operatlon 1n tha aame annor with thof;*jﬂ"f -

hood in Place is not recowmended.«two77

The use .of the valvefw1th the hood ln plao'3l~5”

atmosphere is very limited. Between 35 and'95 percent of“fu11-~ato

travel, severe negetive pressures and the resulting pitt1ng can- be ex-xﬁﬂf'ﬂ S

pected with total heads exreedlng 70 feet of water.i Between 0 andn32
percent of full gate and at full gato 1t apoears that the valve‘canlbe
operated continuouslv at, any head w1thout cuv1tat10n. If the valves'j{_'
at Ross Dam must be operated betwoen 35 and 95 peroent of full gato

their use with the hood is not recommendad.




The maximum coefficient of diaeharge obtained on tha model is
0.895 with the hood in plaoe._ This coefflcien' was the result of :
nogative pressures in the. hood and when the prototype'h?ad axceedsu70'
feet of water it is not 1nd10at1ve of the prototypé
of 0.850 obtained at full-valve openlng where thiﬁn_Eat1ve,pfea
were nearly completely r-lleved, 15 -8 more rapres;nfative vnlua for
the prototype. | e ” o

The maximum unbalanoed thrust for a 72-1noh-valve us 55y800 V

pounds per 100 feet of head. Am?;éﬁPfafiélQnS;forrth  hi--vu,

be embodied in the prototype,,,_;

engle of approximately ‘20 dggfée;.

B
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