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SYMBOLS' AND DEFINITIONS - '© ¢ o

FR ’ g v 4w he T S

Specific Speed, Ng, the speed 1n revolut:.ons per mmute at which the

ma.thematlcally reduced turbme runner would operate to develop one

Avt, Fo e
~ ‘~-‘< 4 \‘r G iwl PRI

horsepower under one foot of head.

Phi, @, the ratio of the peripheral velocity of the turbine runnerat
' 7Dt N

ghe
Sigma,o, the ratio of the net pressure above the vapor pressure at

the throat to the theoretical flow velocity, ‘@ =

the runner throat to the effective head on the turbine

Ha "Hm - Hs
He

g =
Qw He
Water horsepower = =gey—

27 LNW
Turbine Horsepower output = —gy—pg7—

»

Turbine efficiency = T’Wﬁ""’—""art;i;f E;Sguf;ﬁr

Horsepower Output_

Unit Hors epower =

Unit Discharge = ‘———Q~——
g th VHe
T = 3.1416---
D¢ = Diameter of runner throat, feet
N = Rotative speed of runner, revolutions per minute
He = Effective head on the turbine, feet of water
H, = Atmospheric pressure - feet of water absolute

o
B

= Vapor pressure of water, feet of water
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e

O = t 8

Head at outlet of turbine runner, feet of water
Specific weight of water, lbs per cu, ft.
Lengtii of dyﬁaﬁlomefér arm, feet
Djhamomefer loaa, pound:s, measured on platform séal'e'

Rate of flow, cfs.,
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. UNITED STATES
DEPARTMENT OF THE INTERIOR
- BUREAU OF RECLAMATION

PR AY) L

‘Comm1ssmner S Offlce--Denver ) 'Labvoratory Report No. Hyd -348

Division of Engineering = . Written by: =~ W, P, Simmons, Jr.
Laboratories : T . L.V, Wilson

Hydraulic La.boratory Branch ~~~ Reviewed and

Denver, Colorado . . checked by: J. W, Ball -

March 12 1956 ~ 7 Submitted by: H. M. Martin

Subject: =~ High head model test for the Flatiron and Pole Hill
¢ 17 ““Francis-type turbines and two turbine bypass energy
absorbers--Colorado-Big Thompson Pro_'ject Colorado.

- PURPOSE
TR The purposes of the studles were to investigate the suit-
ability of the reactmn-type turbme to the. unusually high heads at .
whichthe full size units will opérate, to determme as a basis for
acceptance, the performance characterlstlcs of the proposed tur-
b1ne and to 1nvest1gate two energy absorber designs.

CONCLUSIONS

¥, The model tests show that the Francis-type reaction tur-
bine proposed by the Pelton Water Wheel Company and usmg the SF -
4A runner satisfactorily fulfills the requirements set forth in Speci-
fications No, 2996, The SF-4A runner was a modification of the SF-
4 runner -where the outlet ends of the blades were cut back 3/16 inch
(model) to increase the outlet flow area (Figure 7).

2. The peak efficiency at the design Phi of 0.480 was 89.60
percent at. w1cket gate opening D (correspondmg to 10 degrees) (Figure
18C). A best efflclency of 90.00 percent was obtained at Phi of 0,495,

3. The SF -4 runner did not provide the margin of power out-
put desired by the manufacturer. (Figures 7 and 18). The runner was
modified by cutting back the outlet ends of the runner blades 3/16
inch to open.the flow_passages and increase the power output (Figure
7). This médified runner, de51gnated SF-4A, produced the power -
margin desired.

4, The outlet piping from the model presented too much re-
sistance to allow the turbine outlet pressure to be lowered enough to
produce’a "break' in the sigma-vs-efficiency curve (Figure 19C),
However, values of sigma considerably below the design value of
0.030 were obtained and the efficiency remained satisfactory.
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5. The admission of air into the mlet of the turbine draft tube
had no noticeable effect upon. the turbine performance.

6. The Pelton energy absorber (pressure regulator) vibrated
and made a great deal of noise when it was operated (Figures 20, 21,
and 22). The admission of air, as is required by the manufacturer
quiets the conditions apprec1ab1y, but at the larger valve openings
the air inlet system seemed to be madequate (Figure 23).

7. ‘No definite evidence of cavitation damage was found 1n the
Pelton absorber (Figure 22),

8. The velocity distribution at the outlet of the absorber draft
tube was poor (Figure 230)

9. The three-—stage energy absorber vibrated very severely
and made much more noise than the Pelton absorber (Figures 24 and
25), Air was admitted just below the relief valve (Stage 1) in the
tests with small valve openings; but due to the presence of higher
pressures in this region at large valve openings, the air inlet was
sealed off. - Air admission below Stage 3 under all operating condi-
tions quieted the v1brat10n and noise to some extent.

10, Def1n1te ‘evidence of cavlta.tlon damage was found in the re-
gion of Stage 2 (Figure 25).

11, Changes in the area of the second stage control produced
changes in the pressure distribution and in the discharge. (Figure
26A, B, and D)

12, The velocity distribution at the outlet of the absorber draft
tube was fair when no air was admitted at Stage 3 but became ex-
tremely poor with a high- velocity central jet whien air was admltted
(Figure 26C).

13. A minor change in the seat ring of the relief valve to re-

‘move an abrupt change in surface profile did not affect the operatlon
of the absorber (Flgure 28).

REFERENCES

1, Pelton Water Wheel Company reports submltted w1th a
letter of transmittal dated November 30, 1951 ‘

(a) Flatiron Model Turbine Tests

(b) Flatiron Model Pressure Regulator and Pelton Type
- Energy Absorber - _

2. F1eld trip report dated February 18, 1952 and entitled
""Model studies for hydraulic turbine and energy absorber--Flatiron
Powerplant--Colorado-Big Thompson Project. "
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3. Specifications No. 2996 entitled '"Hydraulic Turbines For
Pole Hill Power Plant and Flatiron Power Plant--Colorado-Big
Thompson Project. "

ACKNOWLEDGMENT

Respective phases of the test program were coordinated
between the Hydraulic Machinery Branch, the Hydraulic Laboratory
Branch, Region 7, and the Pelton Water Wheel Company.

- INTRODUCTION

' Pole Hill and Flatiron Powerplants are parts of the Colo-
rado-Big Thompson Project and are located on the eastern side of
the Continental Divide about 16 and 11 miles southwest of Loveland, -
Colorado (Figure 1), The rated head is about 825 feet at the Pole
Hill plant and about 1, 045 feet at the Flatiron plant. A single turbine
with a 35,000 kva generator is installed in the Pole Hill plant. Two
generally similar units are installed in the Flatiron plant, and these
units have a combined peaking capacity of 63, 000 kilowatts, the addi-
tional flow of water for the peak load being supplied by Rattlesnake
Reservoir which forms the forebay to the Flatiron plant.

The 1, 045-foot rated head at the Flatiron plant is some-
what above the 900- to 1, 000-foot head limit usually accepted for
Francis-type reaction turbines. However, it was believed that the
best overall economy and performance could be obtained in this in-
stallation by the use of the Francis-type instead of an impulse wheel
turbine. Specifications were issued stating the operating conditions

to prevail and the performance to be required of a Francis-type tur- w

bine (Specifications No. 2996). The specifications also stated that
high head model tests would be required and that a test report was
to be supplied to the Bureau of Reclamation, and that acceptance of
the design would be based upon the results shown in the model tests,
The specific speed of the model was to be numerically equal to that
of the prototype, and the model head was to be as nearly equal to

that of the prototype as feasible, but niot less than about 500 feet, _ Y,

The test facilitites and water at Estes Powerplant, where a 550-foot
shut off head was available, were made available to the contractor
without cost (Figures 2 and 3). The Pelton Water Wheel Company
was awarded the contract on the basis of its bid and design propos-
als, and the company built a 4, 21 scale model turbine. Low head
tests were conducted in the manufacturer's plant and then high head
tests were conducted at Estes Powerplant,

In addition to the turbine tests, tests were made on a
4.5 scale model of the contractor's proposed turbine pressure-reg-
ulating valve and energy absorber and on a 3-stage energy absorber
proposed by the Bureau of Reclamation. The latter was called the
""3-stage energy absorber'' because energy dissipation was achieved
by throttling, followed by sudden expansion at three points within the

3
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absorber. The models, together with the heavy test equipment and
related piping, (Figure 4) were the property of the contractor and
were shipped by him to Estes Park and assembled for the tests. At
the completion of the program they were disassembled and returned
to San Francisco., Precision test gages, counters, manometers, etc,,
were supplied by the Government. The tests were made under the
direction of the contractor through its representative, Mr, Alex
Sementovsky. The remainder of the 4 to 5 man test crew was sup-
plied by the Bureau of Reclamation. A temporary timber and canvas
enclosure was provided by the Government to shelter the models and
test equipment that were located on the open draft tube deck of the
powerplant (Figure 5).

Very brief reports of the model turbine and the Pelton
energy absorber test results were prepared and submitted by the con-
tractor, Also, ‘a brief field trip report was prepared by the partic-
ipating Bureau personnel (February 18, 1952). Many of the details
of the test procedures, the test results, and the difficulties encount-
ered in the high head test were omitted from these reports, In order
to more fully discuss the test program and test results, and to pro-
vide a better knowledge of the problems and requirements of high
head testing, this more extensive report has been prepared.

TURBINE TESTS

Permanent Facilities at Estes Powerplant

During the construction of Estes Powerplant an outlet
was provided in the No. 1 penstock. An 18-inch pipeline and valve
were attached, The pipeline entered the lower level of the power-
house at elevation 7476,87 (Figures 2 and 3), The valve was motor-
driven and could be operated from within the valve pit or at any lo-
cation to which control lines were extended. The power lines tothe
valve motor were energized through a master switch in the power-
plant control room. Provisions were also made for opening or
closing the valve manually. A 4-inch, manually operated bypass
was provided around the control gate so that the line could be filled
before the 18-inch valve was opened. A 17.25- by 8,95-inch
Herschel-type venturi meter was attached to the outlet end of the
18-inch pipeline inside the powerplant. This meter had previously
been calibrated by an eastern university, and this calibration had
been verified and extended by the Hydraulic Laboratory in Denver,

Model Installation

_ Temporary 12-inch piping was installed from the ven-
turi meter through an opening in the powerhouse wall and then up-
ward to the draft tube deck where the models were located (Figures
4 and 5). An expanding section increased the pipeline size to 16
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inches and vaned 90-degree elbows turned the flow into the 11-foot -
long by-16-3/32-inch diameter horizontal inlet. pipe. The inlet’ p1pe
was followed by a 26-inch long, 16-3/32- by 12-inch conic reducer
and then.by a 12- by 12- by 10-inch wye. Flow entered the turbine
scroll case straight through this wye and flow entered the bypass
energy absorbers through the wye branch (Figure 4). A needle
valve at the entrance to the. model energy absorbers prevented flow
-from entermg the absorbers during turbine operatlon .

: The model. turbine, the turbine shaft -and the water bra.ke
dynamometer (Figures 6 through 16) were supported on a welded
structural steel frame. This frame was welded to three heavy I-
beams which were held to the draft tube deck by tie bolts that passed
through holes drilled in the deck. Angle-iron straps were placed
under the deck beams and over the I-beams, the I-beams were then
shimmed to grade and the bolts drawn tight.

For convenlence in test1ng, the turb1ne shaft was placed
horizontal. This shaft was carried on ball bearmgs whose outer
races were -:c,arr‘iedin.sleeves that were in turn supported in other
ball bearings (Figure 6). The sleeves carrying the outer races of -
the shaft bearings were prevented from rotating more than a few de-
grees by an arm that extended through the bearing housing. By meas-
uring the force required to prevent rotation in the sleeves, the power
lost in the bearings was determined. The torque load exerted by the
T-foot long dynamometer arm was measured with a platform scale.
This scale was fitted with an auxiliary indicating beam and an oil
dashpot: which reduced the. beam movement caused by the pulsatmg
load from the water brake, : : .

The draft tube discharged hor1zonta11y mto ab- 1/2 -foot
diameter cylmdrlcal tank. A 16-inch line carried the discharge from
this tank-over the side of the powerplant deck and down into the tail-
race, A chain-operated butterfly valve:in the line near the level of
the tailrace was used to regulate the back pressure in the cylindrical
tank., Although not shown in Figure 4, a gate-controlled standpipe
was provided on the draft tube tank, and a 6-inch gate-controlled air
inlet was provided on the 16-inch outlet line near the powerplant deck -
(Flgure 5). A spring-loaded pressure relief valve was located in
this a1r 1n1et ].1ne between the 16-inch p1pe and the 6-inch valve.

A magneto-type tachometer gave the approxlmate instan-
taneous shaft speed of the turbine and was used to make the speed
settings, This tachometer began to function erratically during the
latter part of the tests and it was replaced by a strobotachometer,
Speed.regulation was made by adjusting the load on the dynamometer,
An accurate count of the revolutions-turned by the shaft in a given
period of time was made with an electronic counter and an electronic
interval timer., The counter recorded the number of impulses gen-
erated in a pickup coil by four permanent magnets as they were car-
ried past the coil in a disk fastened on the end of the turbine shaft,
The magnets were mounted at 90-degree intervals around the disk,

5
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thereby giving an impulse every quarter of a revolution. The elec-
tronic interval timer was connected to the counter with a double pole
single-throw switch so that the counter and timer were started and
stopped simultaneously. The average time to obtain a test pointwas
20 seconds. : ' '

.~ The rate of flow was measured with the calibrated ven-
turi meter and the turbine inlet pressure was measured with a Crosby
300-psi fluid pressure scale. The pressure inthe drafttube tank was
measured with open-water manometers when positive and with a mer-
cury-filled U-tube whien negative. A mercury barometer was used
to measure the barometric pressure, ’ '

Model Tests

Two turbine runners, designated SF-1 and SF-4, were
tested at Estes Park, The SF-1 runner was used in low head tests
conducted at the manufacturer's plant, and only a few tests were made
with it at Estes Park for the purpose of correlating the high headdata
with the low head data. Good correlation was obtained and the runner
was removed from the test rig.and the SF -4 runner was installed.

The model was placed in operation by closing the wicket
gates and opening the air vents in the scroll case and then openingthe
4-inch bypass-to fill the lines. After the lines were full, the 18-inch
valve was opened and the wicket gates were slowly opened to the de-
sired setting. The speed of the turbine was regulated by adjusting
the quantity of water within the water brake, and the flow through the
brake was adjusted to a sufficiently high rate to prevent overheating,
Runs were made through an appropriate range of speeds, at wicket
gate openings of B, C, D, E, F, G, H, and J. These gate openings
correspond to 6, 8, 10, 11, 12, 13, 14 and 16 degrees. The desig-
nation "I"' was omitted to avoid confusion,

The efficiency of the SF -4 runner at the various wicket
gate openings for the appropriate range of Phi (see Symbols and De-
finitions) is shown in Figure 18A. A peak efficiency of 89,5 percent
was obtained at Gate D for Phi = 0.504. The design Phi was 0,48,
at which the best efficiency was 88,9 percent. The unit horsepower
versus Phi for the various gate openings is shown in Figure 18B.

In stepping the power output up to the actual plant operating condi-
tions and turbine size it was determined that the turbine met and -
slightly exceeded the 48, 000 horsepower requirement of the speci-
fications.  The turbine manufacturer decided that there was too
little margin and changed the runner to enable it to develop more
power. The modification consisted of increasing the outlet passage
areas by cutting back the ends of the runner blades 3/16 inch (Fig-
ure 7). The modified runner was designated the SF-4A runner.

The ‘efficiency and the unit horsepower of the SF-4A runner

for various wicket gate openings is shown plotted against Phi in Fig-
ure 18C and D. The efficiency increased to a peak of 90 percent for

6 .
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Gate D at Phi = 0,495 and was 89.6 at the design Phi of 0.48, The
unit horsepower was sufficiently high to insure an adequate margin
over the required 48, 000 horsepower output for the powerplant in-
stallation. : : .

The curve showing the relation of eff1c1ency to the unit
horsepower HP,, at the design Phi of 0.48 is shown in Figure 19A,
while the relation of efficiency to the full size turbine power output
is shown in Figure 19B, The relation of efficiency to sigma, o, is
shown in Figure 19C., The lowest sigma obtained in the model tests
was 0.0135. No lower values could be: obtained with the outlet pip-
ing provided because the pressure in the outlet line could not be low-
ered further, and thus the point where the efficiency began to drop
with decreases in sigma (the sigma break point) was not reached.
This was not considered a serious shortcoming because the design
sigma for the plant is 0,030, and the model tests were of sufficient
range to show that the sigma break occurred at sigma values below
0.0135 to O, 0238 dependmg upon the wicket gate opening (Figure
19C). . v

The relation of the' unit discharge to the throat Phi for
the various wicket gate openings is shown in Figure 19D, The total
discharge as plotted against horsepower output is shown in Figure
19E. :

, Tests were made in which air was admitted into the tur-
bine draft tube through the piping shown in Figure 17C., No notice-
able effect was found on the turbine efficiency and the piping was re-
moved., All the test data reported above were obtained without air
admission into the draft tube and with the p1p1ng removed from the -
tube.

'ENERGY ABSORBER TESTS

Two very different types of turbine bypass energy ab-
sorbers were tested. The first was the type the Pelton Water Wheel
Company has used for many years and was proposing for use at the
Flatiron plant (Figures 20, 21, and 22); In this absorber, the jet
from the bypass or pressure-regulating valve strikes a baffle which
deflects the stream radially outward into a bowl. The bowl then de-
flects the water back under the baffle into the center of the passage
and into the discharge diffuser tube. . - -

The second absorber was an experimental design pro-
posed by the Hydraulic Machinery Branch of the Bureau of Recla-
mation (Figures 24 and 25). It was:called the 3-stage energy ab-
sorber because energy dissipation occurred primarily at three
stages within the unit. Water entered this absorber through the tur-
bine bypass valve, the valve forming the control of the first stage in
the absorber (Figure 24). The flow traveled vertically downward
through the inner tube and was then deflected radially outward and

7
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upward by the absorber bottom. The annular orifice created by the
end of the inner tube and the absorber bottom provided control for
the second stage of energy dissipation, The area of this orifice was
adjustable from 20 to 50 square inches by shims placed between the
cover and outer tube. After being turned upward, the flow passed
between the inner and outer tubes andthen entered the horizontal dis-
charge tube. A fixed area orifice near the entrance of the discharge
tube provided the control for the third stage of energy dissipation,

A horizontal diffusing discharge tube completed the absorber, Air
inlet manifolds were provided at the absorber entrance just down-
stream from the inlet valve and immediately downstream from the
third-stage orifice. o -

The absorbers were connected, one at a time, to the
discharge end of the needle valve which represented the turbine pres -
sure regulator, or relief valve. This valve was connected by a short
10-inch diameter pipeline to the side outlet of the wye branch at the
turbine scroll case inlet (Figure 4). Water was prevented from pass-
ing through the turbine during the absorber tests by a blind flange
placed over the turbine outlet.

The Pelton energy absorber requires the admission of
air just below the inlet valve to minimize cavitation and cavitation
damage. Provisions were made for supplying this air, and the rate
of flow was measured by suitable flat-plate orifices mounted atthe
inlet of a smalltank connected to the air inlet manifold (Figure 22A),
Similarly, provisions were made to supply air just below the inlet
valve in the 3-stage absorber and in a manifold just downstream
from the third-stage orifice (Figure 25A). '

The flow from the absorbers passed from the absorber
discharge tubes into a 26-inch diameter tail-water tank and then
into the discharge line leading to the tailrace (Figure 4)., Pressure
measurements were made at the bypass valve inlet (Station 1) and
at suitable stations in the absorbers. Flow measurements were
made with-an 18-inch venturi meter. The velocity distribution at
the exit of the absorber discharge tubes was determined by impact-
tube traverses at the station shown in Figure 4, Air traps were
effectively employed to keep the gage lines free of air and full of
water,

Pelton Energy Absorber

In addition to the piezometer ring at the inlet valve en-
trance, piezometer rings were provided in the elbow of the discharge
section just below the bowl and near the outlet of the discharge tube
(Stations 2-and '3, Figures 4 and 21), The back pressure on the sys-
tem, as controlled by the 16-inch butterfly valve and the 6-inch air
inlet on the discharge line to the tailrace, was measured in the tur-
bine draft tube tank (Station 4, Figure 21),
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: A great deal of noise and vibration were present when
the absorber was operated, the greatest intensity of vibration being
at the inlet to the discharge elbow. The inlet valve was opened by
1/4-inch increments, and data were taken at each point, The maxi~
mum opening considered safe during the tests was 2-1/4 inches, at
which a flow of about 20 cfs was:obtained. The relation of rate of
flow to valve opening for the model absorber, when operating at a
constant total head of 500 feet, is shown in Figure 23E, Tests were
made both with and without air admission. The manufacturer stip- -
ulates that air must be supplied in prototype units. The amount of
air admitted to the model was adjusted to be just sufficient to quiet
the cavitation, as evidenced by the sound and vibration of the sys-
tem,. The piezometric pressures are given in Figure 23, A and B,
and the air required for quieting cavitation is given in Figure 23C.
It should be noted that at valve openings larger than 30 percent of
the seat diameter (an opening of 1.5 inches in this case), the air in-
let could not supply enough air to fully quiet the cavitation. During
removal of the absorbers from the rig, it was discovered that the
air holes in the spool below the valve were partly covered by the
gasket. Later tests made with the gasket cut out to fully clear the
air openings showed the same air deficiency.

The velocity distribution at'the outlet of the discharge
tube, as determined by impact-tube traverses and obsetrvation, is
shown in Figure 23D. The location of the traverses and the dimen-
sions of the impact tubes used (Impact Tube No. 2) are shown in
Figure 27. The top of the conduit was filled with a foamy air-water
mixture, while the lower four-fifths carried the main flow of water,
The velocity distribution was poor, with a region of very high ve-
locity in the lower lefthand corner as viewed looking downstream.,

After the absorber had been operated about 2 hours un-
der various valve openings, with and without air, it was removed and
disassembled for inspection. Much of the paint and some scale had
been removed from the baffle and bowl and at the discharge tube en-
trance, but there was no evidence of cavitation damage to the metal
(Figure 22), A much longer test would be required to show cavitation

damage, if any damage were to occur,

- Three-stage Energy Absorber

The first run was made with air admitted below Stage 1
and with no air admitted below Stage 3. So much noise and vibration
occurred and there was such violent "breathing' of the discharge tube
that it was considered unsafe to operate at valve openings greater
than 1-1/2 inches. In later tests when air was admitted to the third
stage, the valve opening was increased to 2-1/4 inches, '

The pressure distribution curves, as determined from
the piezometer readings, show a wide variation in pressures depend-
ing upon the control area of the second stage (Figure 26A). Extreme -
negative pressures occurred in the region of Station 2 when the inlet
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valve was first opened, and air was required to reduce the cavita-
tion, At larger openings the negative pressure changed to a posi--

. tive pressure., This change occurred at 0,6-inch valve opening for
the minimum second-stage area of 20 square inches and at 0,9- .
inch opening for the maximum second-stage area of 50 square inches.
As the valve was opened more, the pressure became strongly posi-
tive and there was danger of rupturing the lightly built air inlet mani-
fold, It was therefore necessary to block off the inlet manifold with
a blind flange, which prevented air being admitted below the f1rst
stage.

The pressure at Station 4 was negative at valve openings
between 0.and 1/2 inch and was positive at valve openings greater
than 1/2 inch, regardless of the second-stage area, The maximum
negative pressure measured was 24 feet of water, The pressure at
Station 5 decreased with a reduction of area in the second stage, and
with arn area of 20 square inches the pressure was -20 feet for valve
openings of 1-1/2 to 2-1/4 inches. At Stations 2, 6, and 8 the pres-
sures. were consistently positive., The head loss curves show the
apportionment of the losses through the respective stages (Figure
26B). A reduction in the second-stage area for a given discharge
decreases the loss from the inlet to the second stage and increases
the loss from the second stage to the third stage. The loss from
the third stage to the discharge tube outlet is constant because the
third-stage area remained fixed. The amount that the second-stage
area affects the discharge is shown on Figure 26D,

The velocity distribution at the absorber outlet, without .
air being admitted at the third. stage, was better than the d1str1bu—’
tion with the Pelton absorber with air admission (Figure 26C). The
flow distribution patterns for the two absorbers cannot be d1rect1y
compared because they were obtained for different valve openings
and discharges, The 3-stage absorber was operated at the maxi-
mum valve opening considered safe without air admission to the
third stage, or 1- 1/ 4 inches. The Pelton absorber tests, which
were completed prior to the 3-stage tests, were made w1th a valve
opening of 1-1/2 inches and with air admlss1on into the absorber,
When air was admitted to the third stage of the 3-stage absorber so
that the valve could be safely opened to 1-1/2 inches, the jet from
the orifice continued through the discharge tube w1thout appreciable
expansion or diffusion. No data were taken for this condition be-
cause the instrumentation was not of sufficient capacity or strength
to withstand the high velocity jet.

Definite evidence of cavitation damage was found when
the model was disassembled after about 2 hours of operation. Metal
had been removed in an annular ring on the mside of the outer sleeve
just above the bottom flange, and on the inner tube supports and the
inner and outer sleeves where the supports were welded (Figure 25).
In addition, paint was removed from the inner pipe and at the entrance
to the third stage. Paint was also removed from portions of the outside
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of the inner tube., The pa1nt removal was not considered conclusive evi-
dence of cavitation erosion in these reg1ons “but it suggests that such ero-
sion might occur, '

: In general the 3-stage absorber was noisier and vibrated
W1th greater intensity than the Pelton absorber. When air was admitted
at the third stage, there seemed to be a small decrease in the violence
of these conditions, but there was little or no d1ss1pat1on of energy with-
in the third stage of the absorber,

COMMENTS

A number of difficulties were encountered during the test
program and are enumerated here to serve as a guide in future high head
testing,

At first the 18-inch motor- operated valve in the supply
line could not be operated because, due to improper tagging in the con-
trol room, the electrical lines could not be energ1zed This was re-
medied by the plant electrician after he traced the wires from the pump
pit to the control room. The valve also gave trouble in that is could not
be closed under a high differential head. It was necessary to make all
closures by shutting the flow off as much as possible at the models and
then closing the 18-inch valve, while the 4 inch bypass remained open,
After the 18-inch valve was closed the. bypass was closed., This mal-
funct1on1ng of the 18-inch valve was corrected after it was pointed out
in the field trip report dated February 18, 1952,

Entry into the valve pit was difficult and hazardous be-
cause of inadequate handholds and the fact that the open cover had to be
grasped in order to reach the ladder rungs (Figure 29A). This difficulty
has largely been eliminated by the addition of more handholds,

Shut-off valves were used in the high-pressure gage lines
to facilitate bleeding the instruments and to make it possible to remove
gage lines where necessary, Unfortunately, the valves used did not
come to a stop when fully opened as is usually the case. As a result,
on several occasions early in the test program, the valves were backed
out so far that the stems were blown from the body and water at a 250-
pound pressure squirted over the personnel and test apparatus. After
these dangerous and unpleasant experiences, cons1derab1e care was
taken to avoid opening the valves too far.

The velocity traverses made at the exits of the energy ab-
sorber draft tubes were not anticipated when the test program was
planned, but were a last minute decision. As a result, and due to the
limited time then available, inadequate preparat1ons were made, A
standard laboratory Pitot- -static tube was used in the first test (F1g-
ure 27), .It was damaged almost immediately in the high velocity flow.

It was replaced with a cylmdrlcal Pitot-static tube made of 1/2-inch
galvanized pipe and supported in a cantilever arrangement by a boss at

11


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


the left side of the conduit (Impact Tube No. 1, Figure 27). This tube
was bent backwards at a 30-degree angle by the flow. The traverses
were finally made by using cylindrical—Pitot-static tubes that extended
through the passage and were supported in bosses on each side of the
conduit (Impact Tube No. 2, Figure 27). Bothtotalheadand p1ezometr1c
head were measured with these tubes, the tubes being rotated in the
stream to balance the two static pressure readings, thereby causing
the total head opening to face squarely into the stream, The three No.
2 tubes were all in place during the runs and the gage lines were kept
free of air by air traps (Figure 27).

The amount of energy released into the draft tube of the
3-stage energy absorber was so great that the draft tube "breathed"
violently and began to fail by splitting at the welded seams. It was
necessary to repair these breaks and to reinforce the draft tube with
bands of channel iron before the testing could continue.

Considerable pressure was built up in the region of the
Stage 1 air manifold of the 3-stage absorber when the valve gpening
reached 1-1/4 inches, This manifold was lightly built and not ca-
pable of withstanding heavy internal pressures, and it was necessary
to seal it off by a sheet metal ring so that tests could be made at
larger valve openings.

The SF -4 turbine runner was received directly from the
manufacturer's shops, and it had not been previously assembled on
the turbine shaft. When assembly was attempted, it was found that .
the bore was tapered and oversize and that the seal rings were ec-
centric. It was necessary to rebuild the bore and the seal rings in
the laboratory shops in Denver by building up the sections with
metal spray and then remachining to the proper dimensions.

The 1/2-inch-thick transparent plastic spool used by
the manufacturer in the low head test to connect the turbine outlet
to the draft tube was used for the preliminary tests at Estes Power-
plant (Figure 17C). The section ruptured after only a few minutes
of testing, and tests were discontinued until the metal spool that
had been shipped by the manufacturer arrived at Estes Park. Upon
receiving the spool, it was found that no holes had been drilled in
the spool flanges, and it was therefore necessary to lay out anddrill
bolt holes at the proper radius and spacings to match the turbine case
and the draft tube inlet.

During the turbine tests, difficulty was experlenced in
setting the lower speed points at large wicket gate openings because
the water brake dynamometer was barely able to handle these high-
torque loads. A dynamometer with greater capacity would have
greatly facilitated this part of the test program.

The electronic timer and counter had to be moved inside
the powerplant during the latter part of the test program because
their performance became erratic in the cold, wet atmosphere on
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the powerplant deck. This considerably increased the difficulty of
coordinating the taking of data when the test points were set, The
necessary coordination was finally obtained by installing a set of
field telephones.

The 16-inch butterfly valve located in the discharge line

a few feet above the tailrace caused more trouble and delay in the
test program than any other item. The loads that were imposed
upon this valve were greatly underestimated, and, as a result, a
relatively lightweight valve was installed. Almost every conceiv-
able type of failure occurred on the valve. After the shaft broke,
it was replaced with a new shaft of higher quality steel. When the
cast iron valve leaf broke a new leaf was made of 1/2-inch boiler

plate and a much heavier shaft was installed, This was followed by
repeated shearmg of the pin which held the worm gear to the shaft,
When heavier pins were installed, the teeth of the cast iron worm
gear failed. This gear was replaced with a steel one which lasted
just long enough so that the tests could be completed. Each time
repairs were required, it was necessary to row a boat into the tail-
race, remove the valve while working from this boat, and row back
down to the dock (Figure 29B). The valve was then transported to
the machine shop of the powerplant, where repairs were made. To
reinstall the valve, it was necessary to repeat the boat trip, This
consumed a great deal of time and entailed considerable risk to
the men working from the boat in the powerplant tailrace.

It was anticipated that the testing would be done during
the summer, and if so, there would have been no particular trouble
from the weather. As it turned out, the testing was not started
until late in September and was not completed until the 9th of Novem -
ber. During this time there were several snow storms, considerable
freezing weather, and a period of subzero temperatures, To pro-
tect the piping and the hydraulic equipment, it was necessary to drain
them at the end of each day. The addition of electric heaters in the
temporary canvas enclosure around the test equipment did not pre-
vent freezing of the gage lines during operation in the coldest weather.
During those times when all reasonable attempts failed to keep the
gage lines open, the testing was discontinued and was not resumed
until the weather moderated. All of these difficulties added consider-
ably to the time required for completing the tests and to the cost of
the program. Any future outdoor tests at the Estes Powerplant
should be conducted not later than the end of September.

Interior - Reclamation - Denver, Colo,
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‘ , - ¥ N 18"-300* Standard lop joint Hlange o Lo | 2 | 18°Pipebend | Stel !

i 1 : R, 3 = > it . 3 | 18"Pipe bend Steel !

; vy I i { ~.--=-1" Standard weight lap joint o ‘ 128 s R 4| 18" 300 Blind flange Steel 2
R i | I, - welding nipple i rR 5 | 17"1D.x 23% x /£ ring gasket Asbestos composition | 3
S 18" Motor 4§ Make uppiece;” 1 Lo [ Y —— Lo — 1€ - -
lS operaled — y " ;g o,al p//;a')‘. AI.F: o fq 7 iy @\f {/ ) i ﬁﬁa—” o P 5 14"x 64 Square head machine bolt with Steel 72
4 gag‘ valve, // b ﬁemfvganeckl‘ : . (‘)Tv. -~ A | -6"Drain to sump Dwg.245-D-38!1 : ; hex. nut
T 300%cast | e i N o : f-—=El 7466.50~——" e [ & Stondord pipe, threaded and coupled, . o

E sf“l___A?.:* P K flange. i18"-300* Standard welding neck flange 7 ‘] '; ; . 7 2 oo /enpyfheg )| Steel, gaivanized 87'0

; : . % Y @ : 8 £ - 90°-150* Std.screwed elbow Molieable fron, galv. !

H -E1.7475.50 - : 9 | F- 45 150% Std_screwed elbow Molleable iron, galy. 3

5 ! .-~ Sump 18" PIPE BEND ?— 10 4 150% Std_pipe cop Molleable iron, galv. 2 |

: L STEEL - ONE REQ'D. +"- 300% Std screwed female union .

| . . N ! 4 4

: o, i ground joint, brass to iron seats Malleoble iron, galv.

; 3 14" Standard pipe, threaded ond Lot

; 12 coupled, random lengths Steel oo
@ P { 13| 14790° 150% Std screwed elbow Malleable iron, galv. 2

B N } L 14 2”:( 13"-150% Std. screwed reducer Malleable jron, qolv. !
¥ T IS | 14-150* Std. pipe cap Malleable iron, galv. /
] . I3 - N
S + Pipe far pressure requigtor controls. 13-150* Std. screwed female union .
o 2 e 1 2 - ) "o
; <_;| _________________________________________________________________________________ 74'_,1_:_ _____ 6 ground joint, brass to iron seats Maileable iron, galv. !
I ) 17| 2"Adapter - see detail . Steel !
18"90° Stondord weighl, lon o -
radius welding elbgw' ! PLAN B__| 1H-90°-150* Std screwed elbow Malleable iron qaly /
Parls Nos.! 10l7 incl. were procured under invitation No. F 46, 185-4
Part No.ig is to be furnished by the project
Make-up piece furnished under invitatian No $P-3025
g . @ 18" Motar aperated gate valve and by-pass furnished under invitation
fe- - -5 5] . 64 -A.
~Pit cover. See Dwg. No. 245-D- 2661 E 7 , No. 6-46,356-4
y i for detail i
i : g EL748170 SECTION 8-8 Diameters:
i ¥ 0.0. 28
VT 1D. 17.250"

Bolt circle  24.750"
Raised face 21"
NOTE

. Parts L, 2, and 3 ore to be made from 18" 0.0
SECTION A-A pipe with 3 wall.

fem e ~Valve pit. See Dwg. No. 245-D-2660

for detail . N REFERENCE DRAWINGS
- 78" PENSTOCKS. . 245-D-2538
SECTION C-C VALVE PIT ..245-D-2560

VALVE PIT COVER AND LADDER RUNGS...  .243-D-266!

sSupply 2 - 1-0"overlength -} = — # J’_
\ for field joint | Q i .~ -2-£x3"Rings
i A l ».‘,3, 'i DEZAZTL&?;Z—}; srrzriz TERIOR
—— ﬁ e UREAU ECLAMATION
[ “—“(0‘]—"' ;E1.7476.87 i gg b COLORADO-BIG THOMPSON PROJECT —COLO.
E \@/ 7 N ESTES POWER PLANT
| {-Slope.02690 ' 2 $ 8 78" PENSTOGK
! o Ay N "9"&‘ 18" HIGH-HEAD LABORATORY OUTLET
; @@ I N R | t.rarser ol PLAN an0o ELEVATION
_________________ ' | | i 8" 300% Standard -
————————— )-f~<~— —— e ____ g 18 By H ' welding neck flange g g g ..SUBMITTED.. /o
- ELEVATION PN | N 1)
4" Drain-/ N N
& RS
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HIGH HEAD TESTS - FLATIRON MODEL TURBINE AND ENERGY ABSORBER
Test equipment installed on deck of Estes Power Plant.

8v¢ ‘PAH Moday

S FYNDIA



FIGURE 6
REPORT HYD. 348

¢’

b —

’ L -
N M l._
——— | l
(W] v a1.d_l M 1~ 1"
pru.. PR b *
o DN
S B e _
, , ¥
-— ANA\T N\ _ ,
Y n X N\ > I,-I i m
e .\~\\ S\ /, _ ~ !
v/ WA\ Y '
2% \V.\.\\\ AN - | f
v/, AN N\ . "- .
- N ; ‘
4 N\
b Vo N\ _
7z ~ o
\ I 74 . ////« '
7z
77 R
\\ M\ g, \\\ \) ° s | .ﬁ
/.77 \
29/ NE L
- ! AN b\h
AN e
N //l N NN \ I,..-
N RN IS
7 \ ‘ WL
A H R N / 2 S
AN A« . £
@\ /) \ . \ A NN
AW )
* \AA)
Fll.’l.‘.4 3 "
3 N _ A N 7
2/, 3 - —
// /// 0 - v SMAWW Y ~
N // A\ ; \\\\\\\\ 3
\ A% (AN v / 7 g2
0 .“
_ . [
- =43 1 + - - = —y —x 3
o = ll".r.IMN -
!
ATV 7 A/ L L
AR Y MM \ ..\\\\\\\\\\\\\\\ L..N“ )
aazr,/ NN N\WKX L) ]
N ,,v,, W\ WAL WA\ \ N,///r %Jl..\ )
NI S S \NL NN\ N3 -
.//.,,/. ,/// o 2 // \ \) )
2 AN\ N\ y,
QNN h NN =
N\ AV . N\
NN
N q . ,/”%/V i
B - \ lMu. : SN\ N - I v
/ N\ / .|||.L |N -
N\ AN / X — -~
N / ’l I\ // [ ;
NS AN
N P v RN AN N
N\ / N / AN,
O R Ak
. . N
— N e
- i m PR s
~ "= - - .
Z | "
. ; gl S ;
. .
j ; _
' t .
e el - ; 1
D L A T



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


«f,
[P
H
[
[
o
'
! H
¢ .
! 1
'
, -
o
i
! .- T
; >
.
£
f
1 "’,‘l’-’-—
. ‘1'-." —
¢ i - -
R .-
' ’:/'/
N
PR R
/ S
/ . Fi
7 Sty
1’1 n, ,’ -
I [ .

o cutback
]

,' 4 radm
. AY

[ A
“Ouﬂef ends of blodgs VLA
A", cut back %o increase AN

1 “maximum power. . ‘.
Modified ronner "\

N1

1;/0241/(

f DEEPO MOTERILL N

1% 771@/ spn 4}}2\4
iy AATEN

‘ des:gnafed SF-4A *

REAT BHRE NOT TO MAR
BUCKET EVANE) SURFACES WHEW
CLEANING  CASTING.

SN ANY MAR MAY CAUSE.

' RE JECTION OF CASTING
O #10-28 N TUE DERPIRO N
wrmw THAUS ED SPRED

CEDON.

W CIVER PLATY
m 84384-0/08 &

—_—
AL 10 P 1o coRer \,
(sz DA BN -0/ -4 N
Ry AN
H = b
. P ~_ R
# g
_ Tee—
T \\\
NN
! e
! ﬂa\

g ot drL

. SYRAPE, FHEF POLISY
B Hanwfi'ﬂ dCA’!T.s %)
CaANTOUR. EM

s B

8 S
1 lpefs

\ SURAES SV AT :
= ’/7»"7—' V. ﬂff T PN ST TN

SsucrE

CENQOTR By RURETE
o n NS

——

v

Dra, . %ﬂng‘ﬂm _

N ‘

FIGURE7
REPORT HYD. 348

| 5

ot
S ,-»,._-_N....__..fé..._a < e o

__ NOTF:
[ /,mm’mz
-]

N .:" 'zj:

Y L

iNo, AF .M784-0/-08



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 8~
REPORT HYD. 348

U g e T _ e

- - 4 A ;
%“.‘/N/G | > N = L3 . . - - : ‘:- H ,..
\pnrhﬁ,hrlpﬂfﬁ . , 2B ) // . | ~ Gastny slat de sl as # o *
u ' / //// o % Sov Drudg ALSI S04 13-08 1
£ B\
N
; <A
W Ay \
ST A
. ,_\ . | il T Al : /
| ~ X \ Mosd Brarmy Sider 1 __. )
g ] | \ - . . RN
i — — — ) - |ll|||%T — — g L o 4 k
_ | | ) , = - M l‘ | A»_v
| W\ 4 A i
/ / Q\ \A , A -0 nc Rp F'boos fo oo — : -
‘ | ' / \ N AL a lﬁbﬁ\?i fav\
y \ -~ , | | i T K
AT | ) S ‘ | i
3 | \ ;
b — R [
- _ .
| L



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


. J, \. ST TR T T e

W " FIGURE @
REPORT HYD. 348 '

) :

ISR Dot S, e AL

o u.,b\\.ul,.l, :..‘,.\2 0t Azpm w b Ao g

T e Gpng g i - it SN o s TR e o ey T LT e -
R - N R e Ut e
7 e T - . n s g ;

L Sy AR, . R . m e
N Y T . Cl . R Lo . - ; ' : ; L
L ; RSP T S R . R L e A foatt , &MY Var FiF de s gmmeo? Rl r ‘ -

] ;) i L ¢ ’ - A J ‘ gy -
: A . N il B g - - - S . . 3 . . K . 2
SR 309 ; - . R =) e, Ea i om of . L
. R, Py o - . . X d fe - . \ ’ : - . N : " O ,..\..b,l;k
: o v . R B . . N L . ’. N * , 3
s i P . < o . - -~ N A - L . , . [ . ‘ “
R ) v ’ < : & A . : L X% £ ”
¥ - . K <L g a B Al . . [ g - s - L. s 2
- . \ ¥ . . -t ;o .. - X | L hE A RS 2
LR S L. . . ) . L ) - : / A) | ~ . o vw Sacasy 7 “ o e _
. . . . . Rl Y pe ~ . Y e Yoo ) ! . .
. N . p - N . - N .
R e - d . .f -Fy N . h% N B A D . y o

c__ [ J
£o12

o
i

b

e

C U :
UL IEE - |
L MMINTrE |
P d
“ [TTi) a
B N3 D

e A bt e e . i et # e . o o o

t
e e —— e e e

R L

= ..

. S

——— -

“ | SRRy
! o STAY RING

hdosed . T

83 ¢

D —



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 10
REPORT HYD. 348

. - .—.——-..;’-‘

Qo) §- Inve. 7o § OEFP
ANV2/E P ROC R 2R O

S P2

. 250 T mar \/ ﬁ..‘Tcl e -
W - h«x‘ﬁ..lu" Ova rpen \ mqﬂzr —_ - - — — E __
v T R 1 I 1 * J
‘e . wvsoo L' socr

0, 275D T .70 ~YALES

LFOLlLY

SO LS ¢ ST WXL
70 N g

MPy LR I

MU BE TIUE ' ONCENTRHC ~ - .
WO QUTER AHEAD CVER Y .
L 5 3K Ay e R BOT7TOM £
TR RIC & D4 GIsKET N £ EF DN e reeo
[SU “aig i ' -
_f . - & _ TON "» t.'. COMPANY
- ¢ - No.C £34384-08-02 |lq
431 20 AR SET € 23700 —— e

N
o)

0

L &4

-
. . o~ ——— d

X N rr——g. %Ol
e % 68 4 47~ ¢, s omamn] R Con.

N . GIEN-9-S.

i

Pl

L e o mmteme. wa. g " *



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE "
REPORT -iYD. 348

t
~. “ M.\&)\N oo 14 Ot O . —'" maws v macs ot -
..,\ DC LQUMLY SPELD, 3760084 & £owW: /78 D X 7]
O O O 2 338008 et 50" > T o7y 7 P
—_C | ke s me| B82S | ¥ |
e ~. - O e K4 SM
, | A . . — Zigou ST aand” s
O . @ \Ny\Wg.s\R‘E T Flfof et v Sl 158 7
: 4 - O\ Py asoayrm A7 , /
12® *‘ ] . - /
N ' ) L . . * JWa N Irp Sepew | A5/
’ . 9. /' Vo R + K@ Pirg Moo 95
: . N @ ’ g\&‘r«.ﬁxﬂw\h 23809 ¢ :
\ “ = 5 i ' Y/ M ,, .
r.l O 0O \
o
w
CREE) REFERENSS ‘Smam [ g et
un o 29809
—— Gy
Ieaissgese |, cuusase
Il..lln.l.m- x— llln.ﬂ.ml.lllﬂolo..-
MNEL MO CvEe
oens ofpiyio” —
THE PELTON WATER WHMEEL COMPANY
A D .“gw S0 Fraeee
No. B/ 54354-06/5
431 : . —=—=====a -



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 122
'~ REPORT HYD. 348

[ - - e
T [y -
’ Few- T IR 4D (W
At :37% - Co 3OS
. C LY -ONC
£\ Ow Ga3edT
; 4_
! a |
) |
!
. !
.,V |
(290" T Oug 224 ! w
n LQNLLY SUNCLD w&u
DAL 0 17>y X TEe !
AV one 740 N A" A Y |
Masaccy u)s;\\a.n QCTNe-8 ;
!
. v ; {
! - s N “ . ,
AD S ot uw squecy sexso \ ~ N : 7 d _

/C\.! Ty ov 238 ac, g ¢ 7 o0 2f cam

£ OnC 7

i o m.oM. MJ - Mo v uocyr “n\\oge AU WP
I-lﬁl#f:l ! .\m H / - T—— =
i, V\ *
44 R L
oy 4, -~ .
. o= /£ —
’ .I‘_\ \. . , kN Ln‘.‘/ -
o = _ T\‘ B A A E sow auind
4@ oF §an sourr lf / ﬁ o .ﬂl“w
0 \b:‘....“g ) ~
M.-\ sefon asovwm ey
I 2d ou
SO ETRY Se

431



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


P

FIGURE 13
REPORT HYD. 348

Jl 0 F O VST

MITE !

BREAR ALL SHARP C ORNERS

431

’ —l} ANE OF MBOS ovummes -
ELW. 4 L1_J4ﬂA torer BeTTom Fin Grase &-4 /
8l 418N "d Lo - rear g 8
cl 2 va o / w3- 457 Hrbber 9/
» Ol§ y-nc Mre STt 7Y/ /6
Elgr ncrdf g -7 7Y /4
-/1-NC TAP 1 DFEP EQuALLY -
IPAF) QN 184 PC 57I5AOEF &
!
|
. e . ]
“gcﬁup l/!‘f‘l'[ y I-l ‘r Flatisor Mrde! . 13
saern v /64 RC. ON! & ' = —
XY
b g'g|
LS K, e 2244 4 e
1} ' ALYERANENS R .
. . 8V abgnged 1.4 A 7y & XY P ;
. CerosTmsinR § oo e fediger L OE ;"
" I Fl i
& o ™
E U T §
N _ !
Q * IRARRANSES : Zimienge .a
e TICERACY b LT
INNER BOTTOM RING
t
-~
oamg s°/73°-1°0° ,
TR PELTON av-‘ . COMPANY
No.CZ-3/354,08-07
— — -
\
|
f,
I
I .
1 N
) ’ ) 1
4. i &
- e -& )



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


-

e t... i ..‘,
_ | | o | FIGURE 14 o

! . . . —
A, | | REPORT HYD. 348
| ) - > -
1} , |
w N ' 1 4 ] L
oW \N\ O, VA - 2A \..!\n- /’/ .
,_ i * “M‘ " . n‘n\tﬂ Tt = A4, .
_ . . »
* e
| AR A AR n‘.ruﬁlﬂe : ‘
| R N T et o avisacy w |
” 73 N . _
| ‘ , : | _
i | .
| . w _
“ .
,. :
v ~
' ,.
i
m
_A‘ ,
O
X
[
A
i
— M
| ¢
. o | | |
Laa — coo T No B LIOMMND e



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


1
A NOL TS L

O/ 87 )P rwen :

LS MOV

\J

1]

<
Soner iy o svewr|s] -

Y &

ey L e o0 swn

8VE€ 'AAH LMOd3M

SI 3¥N914


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 16
REPORT HYD. 348

. Ll
N\NW.aN R

43

o e

s o rnsd =
— !
Aeove .
LS50 USBR. Drewy Khed Fltwen Power f/apny Pat. Mo Ut ® of 52008 f
Brwy A-S6208 00-01 as Approvod V-27-80 Sv USBR- for P N. Drengusrone
2.Jee Brwys AL JAIIE-00-0/, ~00-08, f P9-43, foy Mode/ Assewm # Arryl.
H h‘\
D o o
. B - -
o S
. T T 3
i
, M
Tll!. . - Iul b 3 ¥
t - ) M v
L | |ooaer T
: [ 1 AATRDY .
H ]
+ bTu " sma
—f— - -t
n v...rw..hll
5 | : i
L 'S b - N ‘m


Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 17
Report Hyd. 348

A. Turbine test arrangement. Water
Brake dynamometer at left rear,
penstock in foreground, and draft
tube at right. Spool from turbine
to draft tube not installed.

B. Wicket gate assembly,
runner removed.

Wicket gate assembly with - R
runner and spool to draft D. SF-1turbine runner
tube installed. This spool

was replaced by a steel spool

when the 1/2-inch thick plastic

shattered. Pipe for admitting

air into draft tube is shown.

HIGH HEAD TESTS - FLATIRON MODEL TURBINE
AND ENERGY ABSORBER

Model Turbine
1:4. 21 scale model
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FIGURE 19
REPORT HYD, 348
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FIGURE 20
REPORT HYD. 348
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FIGURE 21
REPORT HYD. 348
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FIGURE 24
REPORT HYD. 348

b MANK OF FEBCK M.
|
- D
‘”"'“.’7' AE-34586- 4801 10°x6"_Mode! Fress Kepiohr
~ i 68 e 04
5" —'L 5.0 B o B ]
|
! %
t
L ) 51': A Vaf Halei .
//—(a)’ "‘ " :
(Z)Ii Pipe Couplmgs .
)
N .
VL . /———,(2) 2" Pipe Couplings
N 1° e - - 4 : [ R
- | ; s Niaki : o U
. : ~ : 3. RUE D A Vot Bodes ‘ N
Station 2 : L } / : ' ' 0 .
I : p . - « T R
h . g . 5 S BRI =l & -
Sl “] ‘ IR ) £ K o
= Ot Ywure Coren. . L] pwonret p . o
“sheten 3 /] [ 3 N/
g ’ X * l \ ,‘/
o - b N —
X ke S . P b [ I 1.7
*\ ‘3' i 44 >3 T
N i
AN s\
N
| /N
' : o LEL e One | ZAirum el :
- - T 3
. AV ) . . [re—— Tra. dovaaey ] b,
- . 4 Pragemeryrs e
%I Station 7 ALTERATIONS e b, §% -
. S . . 3
§ . : : VL . . i 4
S ' N 2rivy AETEIBE A Disedarys iintr_Ier $:3Fage; Griel-Comical; f Vorlox Eneryy Abgorben / . . T
o R (WG"";("‘"‘ - ) ' ALIIIBH-48-20 Discherge Tank for Fress Reg b
= . - (1) Gow, &.,n Y, % N APPROVED ax to general dasign and controliing dimensions. L P2
Stafion 61 Aot s i o et Tecsmaneys virnis
Nare: B i i iy T s et s, T pee w7 0 v 0 8
: aTEs _ ELEES A e
‘ A for Gemera] Arrangement Sec Drwy AE 3438¢-00-03 iy ey o

Dy AL AU Ton 3 Biomg dominiye Ahsider : 2.3-5ege. Tesrgn Frems KSBR. Drwy 245-0-5901 ASSEMBLY
) 3. pischorge . Inlet Dims. fram GhS.BR. Driny. 245-0-5847 Size Ratio $34 3-STAGE ENERGY ABSOFBER

seak 25 /20"

|No. AE-34384-48-23

L



Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng


FIGURE 28
REPORT HYD. 348
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FIGURE 22
Report Hyd. 348

B. Flow spreader looking downstream.

A. Pelton energy absorber
installed for testing.

C. Bowl and flow spreader
looking upstream.

E. Discharge tube looking
downstream.

D. Bowl looking upstream.

HIGH HEAD TESTS - FLATIRON MODEL TURBINE
AND ENERGY ABSORBER

‘Pelton Energy Absorber (Pressure Regulator)
1:4. 5 scale model
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FIGURE 23
REPORT HYD. 348

431

HEAD ~FEET OF WATER

\\ -Total Head (hg+h,)

\
\
. N

Piezometric head, hy--~

470

Plezometer |

a5

Lo

18

2.0

2.8

HEAD ~ FEET OF WATER

VALVE OPENING ~ INCHES
A-HEAD AT INLET TO BY~-PASS VALVE

i
- Plezomletor 3

+
et
1
; I st piezs

T
\\ _
-Piez.2
\l/"’——o——

)

s

0.8 Le [X} 2.0 24
VALVE OPENING -INCHES

B r PRESSURES IN ENERGY ABSORBER

/_/~Air - Water rnixfura’v-\*\

s

e B o e

@5)\\\\" (5

1
[
e e mm e —————— U T Y+ R e >:

D-VELOCITY DISTRIBUTION AT OUTLET

OF DRAFT TUBE. VIEW LOOKING DOWNSTREAM

{ Q=16.60 cfs, valve opening |4 inches,
oir gdmitted. )

% OF DISCHARGE

AIR DEMAND -

RATE OF FLOW ~C.FS.

/.

o

~

Air intake capacity was too smoll

/ to adequately relieve cavitation
1 at valve openings greater than
/ 30% of seat diameter.
‘7
// Seat diameter s 6.00"
NI
//
% L] 20 30 40 30

VALVE OPENING - % OF SEAT DIAMETER

C - AMOUNT OF AIR REQUIRED
TO QUIET CAVITATION

/

/

/

[X) 10 L5 20 28
VALVE OPENING —INCHES

E-DISCHARGE THROUGH ABSORBER FOR
500 FOOT TOTAL HEAD

HIGH HEAD TESTS -~ FLATIRON MODEL TURBINE AND ENERGY ABSORBER
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FIGURE 25
= Report Hyd. 348

B. Inlet of absorber looking downstream.

A. Three~stage energy
absorber installed
for testing.

C. Stage 2 of absorber with
bottom cover removed.

E. Outlet of main absorber
at point where orifice for
stage 3 is attached. Stage
2 is at bottom of photo.
D. Closeup of stage 2 region
showing cavitation damage.

HIGH HEAD TESTS - FLATIRON MODEL
TURBINE AND ENERGY ABSORBER

Three-stage Energy Absorber
1:4. 5 scale model
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FIGURE 26
REPORT HYD. 348
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FIGURE 27
REPORT HYD. 348
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FIGURE 29
Report Hyd. 348

A. Unhandy entrance to valve pit.

-

B. Repairing butterfly valve from rowboat. S 2m enZbv s r=Turber
- /1,’:(2/7-{4-
; s 7
Sehonea it

HIGH HEAD TESTS - FLATIRON MODEL TURBINE
AND ENERGY ABSORBER

Valve Pit Entrance, and Butterfly Valve Repairs
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