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Denver, Col:raas, Jue 4, 1940,

Subject: Hydraulic model study of the controllin: woris tor the
Shoshone Canyon conduit, Shoshone project, vomin-,.

1. Introduction. The Shoshone Dam, located inm northern Vo=
min’, ei ht miles southwest of Cody on Lue Shochons kiver, wes
built by the Bureau of .eclanestion from 13004 to 1910. This con-
struction has supplied electric upower sndé irrisation fe the aren
northeast of Cody, with the irrigation being limited, -mpmewhat, to
the less clevated lanus adiacent to the Shoshone 2iver (ficures 1
and 2). In more recent veers it hay bren considerced tes ruile o
furnish water to the higher cownliry uorth wna east of Cod . This
will be mnde rossible dy the present construction of the Shiosheoue
Canyoen condult which will dcliver water frs1 the Shoshone leservoir
to the Heart Mountain canal (fijure 1). A division worls at tle
end of tlhie Shioshone Canyon conduit will civide the water v. twecn
the lleart Mountain canal and the Oregon Basin supply cenal, the
latter being a future development tu eittend to the south of Cody

firure 2).

In order to regulate the supply of water to the Shoshone Can=-
von conduit, there will he provided underground necac the ris'.t
abutuent of the desn, 8 controlling works with 2 marsi ner diiclarce
of 1,200 second-feet wnder a head of approxinately 150 ieet. The
reconiended design of the controlling works hags its inlet in {he
steep bLank of the reservoir, with the flow Droceeding frop this
point to the controlling works proper in a 10-foot diamcter con-
cretie-lined tunnel (section A=A, fizure 3). At the entrnnce to
tlie hottom of the contirolling works a transition is made to & short
len th »f rectangular section, 6'=0" by 7'-4", vrovided with an
auxiliary slide jpate at the dovnstrena end. Tie i'lov then enters
a t:me of scroll case civided into six passares (/i-ure 4) and
nafses into a gate chamber. The flow from the scroll case is regu-
lated in the pate chamber by a 10=-foot diameter cylinder rate (sec-
tion A=A, Cicure %; fijures & and 6). As the flow leaves the scroll
case, it passes unier and upwards t! rouesnh the cylinder cie and en-
ter: a 1f- by 2l=-foot chamber oprovided with two concrete buffles
developed from the mosel stud:- (section #-4, fimuwe 3). At the top



of this chamber the flow enters a transition and finally broceeds
into the Shoshone Canyon conduit,

Wthen it is considered that the high velocity jets issuing i'rom
the scroll case impinge on each other, it is evident that consider-
able turbulence will occur. This turbulence, furthermore, must be
prevented from continuing to thec top of the stilling chamber, since
it is required that the water surface and the flow be free from tur-
bulence and waves as it enters tlie Shoshone Canyon conduit. To ac-
complish this, it is evident that some means must be provided for
dissipating a large part of the enersy of flow as it rises in the
stilling chamber. Since it was not possible during the desisn of
the controlling works to accurately predict the flow behavior or to
determine what should be placed in the stilling chamber for dissi-
pating the energy of the flow, it was necessary to solve the problem
by means of a hydraulic model study. Accordingly, this report
treats the study made of the controlling works with particwular re-
ference to the stilling chamber, cylinder gate, and transition to
the Shoshone Canyon conduit.

The design of the Shoshone Cenyon conduit, controlling works,
and tunnels was made under the general supervision of He Re
McBirney, senior engineer, end C. P. Vetter, engineer. The cylin-
der gate and its appurtenances were designed umder the general di-
rection of We Co Beatty, senior engineer, and P. A. Kinzie, engi-
neer.

2o Similitude between model and prototvpe. In most model
studies of hydraulic structures the gravitational (weight) forces
are of' more importance than the viscous or surface tension forces.
Because of this the relation between the flow cheracteristics of a
model and prototype may be determined by Froude's criterion, sza s
where V = velocity; a = any linear dimenseion; end g = g
acceleration due to gravity which is considered to be the same for
model and prototype.

From Froude's criterion we can develep the fundamental rel:-
tions between model and prototype velocity, discharge, and other
characteristics which form the basis of similitude in hydraulic
model studies. For example, if we denote the prototype terms by
the subscript, p, and the model terms by the subscript, m, it is
possible to write:

Vzp/'aP Vzm/hm
€p €m
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and since we may consider gp = Eps WO obtain:

m

Now let the ratio —P_ in equation (2) be the ratio of linear di-

a
mensions (scale ratio? between model and prototype, then:
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hence from equation (2):
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Equation (4) represents the fundamental relation betvmen model
and prototype velocities based on the Froude criterion, which takes
into consideration only the gravitational forces and is independent
of the fluid used in the modeles In a similar nanner it can be showm
from equation (4) and the relation Q = A ¢ V, that the discharge of
the model and prototype are related as follows:

Qp z (n)5/2 ° Qm ©0000000000000000000000000000 (5)

Although only gravitational forces are usually considered to
be the important forces in a model study of a hydraulic structure,
consideration must sometimes be given to the effect of viscous
foroeses This requires that a definite relation be maintained be-
tween the kinematic viscosity of the model and prototype fluidse.
The lkinematic viscesity is defined as v =_H_ where | is the
abeolute viscosity (coefficient of viscoaié;yf and p 1is the den-
sity of the fluide In the MLT system the kinematic viscosity has

2
the dimension _l?_g 60 it can be written in model and prototype
terms that:

vm'—fm—- ©0000000000000000000000000000000000 (6)



0.01145
2
(12)

Obviously, any model fluid having this viscosity, even if available,
would not be a practical one for model tests,

= 0,000275 stokes

As a matter of interest it can also be shown what the prototype
fluid should be if the model and prototype performance is to be
similar. From equation (10) considering the model fluid to be water,
we obtains

Glycerine at 26,52 C. has a linematic viscosity v = 3.92; hence,
the prototype fluid should be highly viscous, but this condition is
obviously impossible to satisfy.

From this brief analysis it may be seen that for the model
study of the controlling works it is impossible to have exact simi=-
litude relative to viscosity between model and prototype. Gravita=-
tional and viscous forces cannot be considered together, and only
the flow characteristics due to gr=vitational forces based on
Froude's criterion can be maintained in rigorous similitude. It
may also be evident that since the model fluid was water, the pro=-
totype fluid should be a highly viscous one if the prototype is to
perform in a manner similar to the modele. Because of this there is
reason to believe that the turbulence in the prototype may be more
severe than the turbulence observed in the model. As a result the
water surface at the top of the prototype stilling chamber may be
rougher than that indicated by the model,

On the other hand, there are reasons to believe that the prototype
will operate satisfactorily regardless of the lack of complete simi-
litudes It is thought, for example, that when a ziven volume of
turbulent flow in the model is increased to the prototype vol:ume,
the eddies will be necessarily more developsd end more intense, en-
abling greater dissipation of energy to occur. If this should be
true, it is reasonable to assume that the smoothness of the proto=-
type wmter surface at the top of the stilling chember will be near-
ly similar to that of the model.

The hydraulic jump is also a phenomenon based on energy dissi-
pation by turbulence and eddi#s; and it is known by comparison that
hydraulio jump 8tilling pools designed from model studies operate
satisfactorily in the prototype. Since the model and prototype



agreement is good in this case, except for spray in the prototype,
it is reasonable to assume that other twrbulent phenomena will

show good agreement if the gravity; forces and not the viscous forces
play the most important part.

Relative to siiilitude and the role of viscosity in enerzy
dissipation, Professor Escande, Assistent Director of the Electro=-
Technical Institute and of the rluid *echanics Institute of Toulouse,
France, stated on page 429 in an article in Le Genie civill,

"We are accuainted with the role played in hydranlic in-
stallations of energy dissipation, the use of which requires
that there be dissipated, at once, in turbulence and eddies
ines liaited a svace as possible, the excess eneriy of a
liquid flowing at a high vclocity or zushing from a system
under pressure."

"The engineer can scarcely establish the theoretical ele-
ments for the determination of this phenomenone Accordingly,
the study by nmodels constitutes the method most jenerally
used for detemiining the dimensions and in foreseeing the
functioning of ite In this regard, it was interesting to M,
Caraichel :nd to us, in comparing research made on an indus-
trial instellation to a inodel specially constructed for the
purpose, to see if this method is justified; and, in particu-
lar, te sce if the application of the laws of similitude fur-
nish quantitative results sufficiently aporoached."

Sim#litude applicable to enercy dissipation.

"The dissipation occurs, in most cases, in a stilling basin
having a free surface in contact with the atmosphere. The
laws of hydrodynamic similitude of incompressible fluids indi=-
cate that, under these conditions, if the viscosity interferes
in an appreciable way, its influence makes the existence of a
rigorous similitude impossible. Murthemnore, these laws of
similitude concern incombressible fluids and they do not take
into account the plienomenon of air entreimment and the forma-
tion of eir-water emulsions, which almost elwais accompany the
fanctioning of energy dissipation installations. Two elerients
exist, therefore, the viscocity of the water end the entrain-
ment of air which are capable of disturbing the similitude."

t 1
1"L'r.tude Sur Hodele deduit Des QCuvrazes De lRupture De Charre.

Expériences de 1'ukine du Carcanet." (ilodel Study of srergy
Dissipation. LxPeriments on an industrinl plant at Carcanet) by
L. tscande; Le Genie Civil; Dec. 16, 1929; pp. 423-433,
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Role of viscosity.

"Actually the viscosity effeet is not to be feared, be-
cause the tumultuwous character of the flow corresponds to an
agitation of extreme turbulence, putting into play the energy
losses by impect and changes of kinetic energy; on the other
hand, the simple slipping of liquid particles one on enother
plays an entirely negligible role. As we and M. Camichel
have shown in previous studies, the losses of head vary as
the square of the velocity and are practieally independent of
the proper viscosity of the liquid, entirely concealed by the
fictitious viscosity of turbulence."

In eny event, it is necessary to depend on the best model ar=-
rangemnent and assune that arrangement will be the best one for the
prototype. As a necessary precaution, moreover, the model was
tested for heads in excess of the design head.

3¢ The model. The model of the original design of the con-
trolling works was built to a scale of 1:12 (figure 7). The ocon-
duit leading to the controlling works was made of sheet metal,
with piezometers being installed just upstreem from the transition
to the scroll case to measure the head on the model. The scroll
case at the bottom of the stilling chamber was cut into a large
block of cypress, made into two sections, with the joint ocourring
at the center line of the scroll (section D-D, figure 7; upper block
shown on figure 9A). The cylinder gate, which fits into the gate
chamber of the scroll case, was made of light-gage galvanneal with
a lifting mechanism attached (side elevet ion figure 7)e This en-
abled the cylinder gate to be moved up and down past the f xts of
the scroll case to regulate the discharge. The side walls of the
stilling chamber were made of pyralin to permit observation of the
flowe At the top of the stilling chamber a sheet-metal transition
was instelled and a sufficient length of tumnel, open at the top

for observation purposes, was added to represent the Shoshone Can-
yon conduite.

The dimensions given on most of the model drawings are in feet
and inches in terms of the model. Prototype dimensions are readily
obtained from these, since one inch on the model equals one foot on
the prototype.

4., Performance of oririnal desipgn. The model of the oricinal
design clearly demonstreted that little energy dissipation occrrred,
resulting in excessive turbulence extending to the top of the still-
ing chamber. For the maximum discharge and for various heads, the
water shot upwards in the model stilling chamber in large spouts




and spilled over the top of the stilling chamber walls. This con=-
dition was due to the extreme turbulence developed just above the
gate chamber of the scroll case as the issuing jets impinged on
each other; and, with only an open chamber above, this turbulence
continued undiminished to the top of the chamber. This prevailed
for all operating conditions: full gate opening and verious dis-
charges up to the maximum of 1,200 second-feet, or for partial gate
opening and various discharges.

Careful observations were not made of the other parts of the
controlling works; that is, the scroll csse proper, the cylinder
gate, and transition, until the unfavorable flow conditions in the
stilling chamber had been rec tified.

be Tests on scroll case rate chamber. From the study of the
model of the original design, it was evident that the extreme dis-
turbence in and immediately above the gate chamber of the scroll
case should be prevented from reaching the top of the stilling
chamber., Since there was nothinz to prevent this disturbance from
continuing upward, it was thought that if the gate chamber of the
scroll case were deepened, the added space would permit more energy
dissipatione. At the same time, it was believed that if part of the
flow could be forced downweard into this chamber and then ellovied to
pass through holes placed:in the acroll case piers, the turbulence
would be distributed over a greater area instead of being concen-
trated in end above the gate chamber., Accordingly, a perforated
plate was placed at the top of the gate chamber and a metal pot
with adjustable depth was added below the chamber (figure 8A). In
addition, holes were drilled through the piers of the scroll case
into the pot below.

This design did not prove muccessful because the high-velocity
Jets flowing throurh the holes in the perforated plate and in the
scroll case piers shot upward to the surface of the stilling cheamber
and caused nearly as much disturbance as originally obtained. Ko
improvement was noted with an increase in the depth of gate chamber.
It was noticed, particularly, that for all operating conditions the
head to pass a given discharge was greatly increased., If more holes
could have been placed in the scroll case piers this design might
have operated better, but additional holes were impossible bzcauge
of structural limitutions.

6. Baffle study. When changes to the gate chamber did not
produce satisfactory results, the most apparent procedure to fol-
low was to place perforated horizontal baffles in the stilling
chamber. Forcing the floWw to pass through many holes would evident-
ly reduce the excessive turbulence arising from the gate chamber




and would also cause energy dissipation. This expedient proved
successful, and extensive studies were made to determine a satis-
factory arrangement of baffles.

The procedure in testing the baffles consisted of placing a
baffle at various elevations above the gate chamber (figure 8B),
and observing the flow conditions at the surfuace for various heads
and discharges. Because the flow distribution was exceedingly un-
balenced, many types of baffles were tried (figure 8D) in order to
spread uniformly the boiling at the water surfice of the stilling
chanber. All baffles were tested for heads in excess of those an-
ticipated in the prototype, due to the aforementioned lack of exsct
similitude. There was little difference, however, in the performance
of a given baffle between normal and excess heads In fact, more
turbulence was noted at the top of the stilling chamber for full
gate opening and lower heads than for other conrbinations of partial
opening and excess head.

After a baffle had been satisfactorily devaloped on the model
of the original design to eliminate excessive boiling at the vater
surface of the stilling chember, it was svecified that in order to
allow the cylinder gate to be removed in sections for repairs, a
hole 4'=6" by 4'-0" should be placed in the baffle at the upstrean
wall of the stilling chamber. Jhen this gate passaze was added,
part of it extended over the jate chamber., As a result, a majority
of the turbulent flow escaped through this openinp and upset the
previously established smooth surface conditions. To eliminate
this unfavorable condition and to provide additional space for
energy dissipation, the stilling chamber was increased to 16 by 21
feet in plan and deepened by 21 feet. This chanpe (figure 8C) re-
moved the gate opening in the baffle from directly above the gate
chamber and furnished additional space for testing the baffles.
The increase in the depth of the stilling chsmber, in addition to
furnishing a larger volume for energy dissipation, simplified the
underground excavation by brinsing the bottom of the excavation
and the access tunnel more mearly to the samc elevation (section
A-A, figure 3).

The larger stilling chamber containing a baffle, operated .rore
satisfactorily than the smaller chamber with a bafflw. This is
somewhat analogous to a jet of water flowing downward into a shal-
low vess&l, such as a drinking glasse In this case the flow spills
out of the glass with excessive disturbance; but if the same jut
wiire to flow downward into a much largsr vessel, such @ms a pot, the
turbulence would be greatly reduced.



The baffle developed in the smaller stilling chember of the
original design was adopted for use in the. larger chamber. More
holes had to be added and their arrangement changed to producc the
desired smoothness of water surface. In addition, the gate open-
ing in the baffle, although removed from over the gate chaaber,
had to be partially pluggzged by adding cross pieces. These were re-
quired because the flow still escaped up the back wall and created
excessive boiling at the water swrface,

Although only one baffle had been studied at different posi-
tions in the stilling chamber of the original design, the larger
chamber allowed space for two baffles, one above the other (figures
8C and 9B). This was tried and preved to give even better surface
conditions. Extensive tests were made until the proper size and
spacing of holes and position of baffles provided a minimum surface
disturbance, With two baffles, it was only necessary to place cross
pieces in the gate opening of the upper baffle (section G=G, figure
11), Figure 10 shows the model of the recommended design with two
baffles in the stilling chamber. It will be noted that the flow
conditions are nearly identiecal for full and partial gate openinge.

Recalling again that exact similitude was not possible in this
study, and considering that the flow distribution in the stilling
chanbers of the model and prototype may not be exactly similar, the
design using two baffles was accepted, not only because of its good
perfomance but because it offered a factor of safety.

After a satisfactory baffle arrangement had been developed,
piezometers wore instel led to determine the pressures on the bottom
of the baffless The pressures obtained in the model for maximum
operating conditions, converted to prototype, wvaried fraom 2,347 to
6,172 pounds per square foot on the lower baffle #nd from 1,515 to
1,882 pounds per square foot on the upper baffle. These pressures
required the lower baffle to be 4'-0" thick (in the prototyne),
and the uppsr baffle to be 2'-10" thick. Pressures were also mems-
ured on the back wall of the stilling chamber between the baffles
and under the lower baffle. These pressures varied from 1,700 to
2,700 pounds per square foote The baffles .in the model were then
rebuilt using the correct thickmess. Heretofore they had been
three-fourths of an inch thick (9 inches prototype) to expedite
construction. The added thickness affected the performance of the
baffles, requiring further study of their arrangement and location
of holess A combination was finally obtained which gave the desired
surface conditions and #:ich ellowed the cylinder gate stems to pass
through openings of the baffles (figure 11). This final combination
of baffles was again ch#icked for pressures and their thickness was
found to be ampls,
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Although the holes or openings cut in the@sadf'les in tilis
studr were cquare or rectangular (in nlan), tL.ere is vo reascu %o
belleve thut these shapes are the best. Circalar holes would prohi-—
ebly worl ecually as well, although their foraierk wouli ce 10ore
involved. The holes ia the batffles could also be nace witu tre
openinz diverging upwards., In f'act, a hafi’le of this tipe was
tried and it worlied nearly as well ns two baffi#sEtoreiher. Tijis
type of openin;;, however, i= not an ener-y disgipalor since, thed-
reticwlly, hesvd is repeined; buk its gowd per ofM@sce’ in Ll wodel
is bhest explained by the reduction in velocitsy securrin: hetween
the lower and the upner side of a baffle, UnigFEnnstely, tiae did
not permit a further study of this Laffle, bhutEEEMes bDelieved tijit
even if one haffle would operate satisfactorily, two bariles would
furnish a desired factor of safety, as nreviously ientioned. Re-
cardless of the type of openings used, sharv edffgs at the enlrance
were desirable to induce losses in additisn to #e lesses obta ined
by the successive enlarrements and contraccions as 1
throu;h the balfiles.

nag Clow Thses

7+ Chanre in scroll cnseo passakes and cylihdar rate, After
the bairfles had heen determined, it wos noticed anae exnecped that
the head required 4Hn pass the maxifium dischpr S8 1,500 secomid-
t'eet was greater than could »0s53ibly be pbhtainGlesin tha prototepa.

To reiuvce the Mead to that which» coiildd ve obtallile, tle Lasca=es
and norts of the scroll case were increased 50 B'=uf bhyv 3'og
(figures 4 and 11). Previously the size wms 2'=i" by &'=4" (£i-ue
7), and & reduction in the size of the norts had been mace (orofile
along Y-2, figure 7) which wes also eliminated.

At this point in the stwiy the cylinder gate and the shape of
mate chsmber also changed (firure 11)e At the start of the gludies
the design of the gate had not been fully campleted, and the one
used in the original model (#irure 7) represented ti.e desirn soail-
able at the time. The chanre of cylinder cate did nat atfect tle
performance of the bafifles. See paragraph 9 tor 2 di cusslorn ol
tests on the ecvlinder gate,

8., Transiticn study. UYpon completion of the baf'fle stuly,
the amoothness of & o water surface at the ton of the =tilling
chamber peruitted » study to be made of t*e transition to tic 5io-
shone Canyon conduit. The original transition vac intended to 1ro-
duce a nearly horizontal water swface, vhich was nade poisitl: ™
placing a weir in <the floor of the truasition t» maintauin a coi-
stant area (Pigure 7)« This design, however, di¢ not ferlore as
desired becapse the relatively high veldsities eunlgrip= the tis)-
gition Prom the stilllg® chembar, thgoethdr vt Sbhe ghopthgss of
the transition, producad a standing weve in tne el dssmetresn
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from the end of the transition. This caused a series of waves in
the tunnel downstream which, if they extended to the crown, would
entrap air md ocause "gulping.”

A new trensition was then designed to produce a longitudinal
parabolic water surface (figure 1l). In this transition a length
of 40 feet was chosen to eliminate an abrupt break at the end of
the transition and the start of the tunnel proper (section C-C,
figure 11). By assuming a water surface for the maximum discharge
and knowing the elevation of the energy gradient at each end of the
transition, it was then possible, &t various sections, to determine
the velocity head, velocity, and finally the area to produce the de-
sired watsr surfece. This transition operated satisfactorily with
only small waves developing in the timnel, which would be too small
to seal against the orown and cause "gulping."

9. Pressures on cylinder gate. During the tests of the model
of the controlling works and after the cylinder gate and scroll
case had been changed (paragraph 7), a rattling sound was heard in
the region of the gate chamber., This sound was particularly promi-
nent when the model was operated 'mder the higher heads and smaller
gate openings. The resemblance of this sound to the severe rattling
obtained in pipe flow developing cavitation caused some concern and
led to a study of the pressures on the cylinder gate.,

Test 1, figure 12, shows the cylinder gate installed in the
model after the scroll case had been changed. Because the lip on
the bottom of this gate diverged five degrees from the bottom
shoulder of the gate chamber %section A=A, figure 12), it was be-
lieved that cavitation would develop in a diverzing section of this
type, especially at small gate openings. Accordingly, piezometers
were installed in the gate opposite the center line of the ports of
the scroll case on one side of the scroll. The piezometers were
pluced in the outside surface of the gate (seotion B-B, figure 12);
in the lip of the gate (detail A, figure 12); and in the inside sur-
face of the gate just above the edge of the lip (section C-C, figure
12) . The most important ones were those on the 1lip, so the pres-
sures indicated at these points were carefully investigated in de-
ciding the best design. Pressures were recorded for a discharge of
1,200 second=feet for two gate openings: 20 and 40 percent., For
the 20-percent gate opening the head exceeded the head obtainable
in the prototype, but all the pressures, relntive to atmospheric
pressure, were positive (see table, test 1, figure 12). The pres-
suras wmré mlso positive for the 40-vercent gate opening. It was
believed, ther=sfore, that since the pressures were positive for ex-
trems operating conditions, even though the rattling noise prevailed,
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no cavitation would occur for normel heads and gate openingse On
the othex hand, concern wes felt over the pressures that might be
developed when the gate is raised but one or two inches. In this
regard, it wwould have been difficult to make acciurate tests on tha
model for such esmall gate opcningse Further tests were then con-
tinued for 20- and 40-percent gate openings in the belief that tiie
best design so obtained would also be satisfactory for smaller gate
openingse

To eliminate the tendency for cavitation to occur at small gate
openings, the divergence of the bottom lip with the bottom shoulder
of the gate chamber was decreased to one degree (test 2, figure 12).
Again the pressures were all positive although somewhat greater than
the pressures on the gate in test 1 (see table, test 2). This was

probably due to the lip being rotated dovmward into the flow to re-
duce the divergence,

Test 3 was then made tn see what effect there would be on the
pressures if a surface in the diverging section were removed. This
was accomplisghed by removing the bettom shoulder of the gate chember
(test 3, figure 12?. The pressures obtrined were all positive and
were greater than those of the preceding tests (see table, test 3).
This design would probably have developed higher pressures for gate
openings of six inches or less, but it was objected to because of
structural limitations requiring a bottom shoulder in the gate
chamber, which had been removed in this teste.

From these tests it was evident that no negative pressures
would occur for normal operating oonditions, whether the divergence
was five degrees (test 1, figure 12) or vhether it was only one de-
gree (test 2, figure 12); but to eliminate any tendency for cavita-
tion to ocour at very =mall gate openings, the divergence between
the 1lip of the gate and the bottaom shoulder of the gate chamber was
reduced to one degree. In the model, the angle of the lip was
placed at 29 degrees (test 2, figure 12) and the slope of the bottom
shoulder of the gate chamber was placed at 30 degrees. By some mis-
understanding, the final design of the gate was made with the angle
of the lip at 25 degrees and the shoulder of the gate chamber was
changed ta 26 degrees (figure §). The diversence of one degree vas
the same in both cases, however, and it is not believed that this
difference will cause any undesirable results.

The decision to use a divergence of one degree was made after
the model had been removed from the laboratory, so the final design
of the model shows the cylinder gate to have a divergence of five
degrees (figure 11). In this regerd, the calibration of the cyline
der gate will apply only approximately to the prototype (paragraph 10).
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Another problem of importance in the dmsign of the cilindes’

gate ims to kedp the mprojected area of the 1lip oF tha Mifle ulinatim
from the point of segt to a minimwie If Liis bree is 1ovrs the

full ‘kead scting on tkis ares broiuces s larce whlil® wirdclilse e
be taken care of iz the design of the #ate stesd.. Test & wis 4 ==
for.made on a gate designed to reduce this undifi, Téia Sl o s
unsatisfactory Decause sovme nepative predcurms #awnlpphd wn i dke Lip
of the modill rate for 20=-percent sate openin- (see 410 le, bust 4),
In general, the pressires were lower on the 1io ne Ehme=-
where than prescures obtained on the preécedin® Satds, Tilihe KEs
probably due to the increass in divergence to 2° 350", -ad sl<o io
the extensian of the Dottom of tie port to Lhe indide mdee i Eie
cate which reduced the discharpge erea {seciion ~7, toit 4, e
13). This pllawed the isglhing jets tn ibcedlimlel” impia=d & dach
ther without beigg first def'leched dbwmwlId, s GCHORS)isied m
the other gates tested.

Test &5, using o mete with a horizibtE]l 1i% @il oediaiess i
uplif't, but replacing & 30=degrec bvotfjom shoulder ia e Tnis

charber, was made to inerease Lha diselisrze areas wulwoy a 1p &
the pzate. Since the divergefce was gréatl= Lacregs®a ij L ir=
gign, some of the pressures on the lip of the ~als Fe he it il

as anticipnted (see teble, test ©). ‘o.ev r, the e d to pasc the
maxime: dlscharfe for eachigate opemify teswel was gresmile didiced.

Since tests 4 and & showed tendencias for nerabive rrassures
to develop for <0- and 40-vpeTcent gate Spmmin w, sl slicn the (e
1ift on the gute selected (firure ) was not crcessively lurce, no
additional tests were made on the cylinder ates

A study of these tests on 'the cylinder gate revezls tlje tnilow—
ing; reneral conclusions:

(1) The jets issuing from the ports o the cepnll crse shoily le
~iven s downward direction at the botton of tbh rbes ot ol
impingement mey incrmase the head required to amp
charge;

(2) The diver-rnce between the bottor of the -ate 5.d the gloo-
inz shoulder in the gate chamber should bte kept to s niniivig

(%) The ~ate sext szhonld be close to =¥, = Whs
ralte to reduce unlift;

(4) The lio at the bottom of the 3 1o i
“ard into the flow to eliminate aay S ppoeatiphes
to rdevelop;

w
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(5) The pressure due to the flow is greater on the outside than
on the inside surfoce cf the gate;

(6) The general reduction of pressure on the gate surfaces op lo=
site the different ports around the gate chamber indicates unequ«l
flow distribution in the passages of the scroll case;

(7) Pressures on the inside surface of the gate just above the
lip are, in generel, slizhtly less than the static head above thiis
point.

10, Calibration of model. The model was ¢alibrated with the
cylinéer gate shovar on fipure 11 and figure 12, test 1 in the
scroll-case gate chambere As explained in paragraph 9, the final
desijzn of the prototvpme gate, which was made after the nodel had
been removed from the laboratory, had an anile of divergence at the
lip of the gate of one degree (fimure 5); vhereas, the final design
of the gate in the model had a divergence of five degrees (fizure
11)e As a result of this difference, the calibration curves shown
on figure 13 will apnly only approximately to the prototype.

Fizwre 13A gives, for verious gate openings, the discharge
throush the controlling works versus the pressure-head in feet of
woter at station 1+99.69 (side elevation, figure 11). Figure 13B
sives asoproximate reservoir elevations versus nressure-~heads at
station 1+99.,A9, the reservoir elevations beingz apnroximate because
of the necessity in obtaining them to asswae losses fram stat ion
1+499,69 to the reservoir,

1le Swmmmarv of tests and the final desiine To create etrfec—
tive enerygy dissipition and to reduce the excessive turbulence in
the stilling chamber of the controlling works, the stilling chanber
was enlarged and two baffles were placed in it above the cylinder
cate chambers The n0odel of the orizinal desi :n, shown on figure 7,
vas developed from the desimns given on fijure 8 to the final do=-
siim as shovm on fipure 1lle Figure 9 shows the nodel in the labo-
ratory, and thce effectiveness of the final desirsn of the stilliag
chaaber may be ssen on figure 10 When the stilling chamber had
boen satisiactorily evolved, improvements were made on the trensi-
tion biitween ¢ top of the stilling chamber and Shoshone Ceaxiyon
conduite By changing the lenzth and shape of {he transition, stand-
ine waves were eliminated in the tunnel dowastr=am {cormpare figures
7 and 11).

Pregsures were measured on the cylinder gate to determine if
there would be any tendency for negative pressures to develop on



the bottom lip,' end to establish the optimum divergence bitween the
lip and the bofitom shoulder of the zste chamber. The results of
these tests may be seen on figure 12, with general conclusions fron
these tests outlined in paragraph 3. The f'inal design of the cylin-
der gate is shovm on figure 5, and the prototipe scroll case and
cylinder gote as assembled in the fahricating shops may be seen in
figure 6. Other prototype details are shown on figures 2, 4, and

5, with additional inforuation given in specifications lios 798,
"Shoshone Canyon Conduit Controlling Works and Tunnels.”

A calibretion was made in the nodel of the cylinder rate shown
on figure 11 and on figure 12, test le As st:ated in para:raoh 10,
this gate represented one dii'ferent from the gate of the final de-
sirn, so that this calibration (figure 13) will apoly only approxi-
mately.

12, Conmclusions, Althouch it was necessery to solve certain
hydraulic problems pertdining to the desi;n of the controlling works
with the aid of a iodel studv, it may be true that the prototyve be-
havior will be different from thnt indicated by the nodel. Vhen
only pravitotional forces are important, it is reasomably certain
that the model and prototype behavior will be similar, In this
study, however, viscous forces also nlay a part, 'nd, as Jiscussed
in paragrdaph 2, if the same fluid is used in the wodel snd the pro-
totype, and if gravitationzal and viscous forces sre cornsidercd o=
cether, exact similitude is impomsible. HNevertielesz, for e
reasons previeusl; discussed in paragraph 2, there is reasonable es=-
surance tinat tue prototype vwill operatec satisfactorily.

It is believed that this tipe 0 controlling works is unique in
its use of a type of scroll case, cylinder gate, and baffled still-
ing chamber to conduct water under a hish head into a tunnel. PFer-
haos the stilling chamber would have operated satisfrctorily with-
out baffles if the chamber were -wuch deeper, but this depth would
have been excessive, judging froa tlie mannoer in which the water shot
upvierds in the stilling chamber of the oririnal deci-cn. The effec-
tivoness of the final design devmends, therefori, on the bafiless

The pni'oblems in the desipgn of the cylinder rate swere much nore
diffiehilt in tiie selection of metal to bhe used anda the pethod of
fabricwtion Chan were the hydreulic sroblems. The problem of =ate
vibration is believed to be solved by the use of rybber baclsng on
the gete slides. Cavitation of the bottom lip i¢ not expeched be=
cause of the use of a minimm an:le of diver ;ermce betwgen the 1lip
of thé gate and the slepiny shoulder at the bottom of the .ste
chember.
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