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ABSTRACT

Considerations for Hood Placement and Design Dawast from a Fixed-Cone Valve

by

Barry J. Prettyman, Master of Science

Utah State University, 2014

Major Professor: Dr. Michael C. Johnson
Department: Civil and Environmental Engineering

Fixed-cone valves, also known as Howell-Bungeves)| are devices often used
to safely reduce flow energy at dams with mediurhigin heads. The valve directs the
outflow into a conical hollow jet, which requiredaage area for energy dissipation. The
flow is controlled by an adjustable sleeve, alsovin as the gate which surrounds the
valve and requires minimal power for operation efggriarge valves. Depending on the
installation, the conical jet may need to be cdigdoby installing a fixed stationary hood
or other structure to contain and direct the cdnetaWhile the hood reduces the spray,
the use of the hood causes the formation of a earated hollow jet having a high
velocity. To eliminate the hollow jet and dissipatach of the associated energy, the
hood can have interior baffles. If the hood is pi&cisely placed relative to the valve, a
phenomenon, known as backsplash, will occur. Bdakbps when a significant amount
of water exits the upstream end of the hood. Bdakbps a concern for operators

because it can prevent access to the valve dupataton and can flood valve vaults. In



Y
low temperatures backsplash will cause ice to fatich could also affect the operation
of the valve. This study focuses on the installatequirements and guidelines for
baffled hoods so that backsplash is prevented.

(84 pages)



PUBLIC ABSTRACT

Considerations for Hood Placement and Design Dawast from a Fixed-Cone Valve

Barry J. Prettyman

In many hydroelectric projects there is a neesktfiely dissipate the energy
associated with the elevation of the water surfédieen the flow is not passing through
the turbines, bypass valves are often used. A whlteis commonly used is the fixed-
cone valve. Fixed-cone valves, also known as Helefiger valves, are devices often
used to safely reduce flow energy at dams with omadb high heads. The valve directs
the outflow into a conical hollow jet, which regesra large area for energy dissipation.
The flow is controlled by an adjustable sleevep &sown as the gate which surrounds
the valve and requires minimal power for operaggan for large valves. Depending on
the installation, the conical jet may need to betidled by installing a fixed stationary
hood or other structure to contain and direct th@aal jet. While the hood reduces the
spray, the use of the hood causes the formati@ncohcentrated hollow jet having a high
velocity. To eliminate the hollow jet and dissipatach of the associated energy, the
hood can have interior baffles. If the hood is pi&cisely placed relative to the valve, a
phenomenon, known as backsplash, will occur. Bdakbps when a significant amount
of water exits the upstream end of the hood. Bdakbps a concern for operators
because it can prevent access to the valve dupation and can flood valve vaults.

Because the use of fixed-cone valves and baffledif@are becoming more popular, the
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need for guidelines to correctly position the hosldtive to the valve will benefit both
engineers and contractors.

In some hydroelectric sites, submerging the figede valve is used to control the
spray and dissipate energy. Submerging the valwénaae can produce violent flow
conditions which can cause damage to a structuneawy erosion. The use of a
submerged fixed-cone valve is rarely used, andasuged valve used with a baffled-
hood has never been constructed. The study pertbsim@wvs that the use of a baffled
hood with a fixed-cone valve in submerged condgiparforms well. The results may

lead the way for more submerged fixed-cone valudke future.



vii

ACKNOWLEDGMENTS

This project required a great amount of time difieto accomplish. | would
like to thank Michael Johnson for his great addoe knowledge on the subject. He is a
leading expert on the subject of fixed-cone vaked hoods. Without his expertise the
project would have never come to fruition. | alsarik the other members of my
committee Joe Caliendo and Steve Barfuss.

Thanks also go out to Zac Sharp for providing nitd employment at the Utah
Water Research Lab. Employment in the Lab has geavme with many hands-on
learning experiences. | would also like to thank #a allowing me to spend time in the
UWRL for the hydraulic tests. The number of testd ime for each test were fairly
extensive and Zac was very accommodating, providoth insight and help.

Thanks to Chad Taylor and Andy Lee for helpingifsdie the different hood and
cone designs. Both Chad and Andy were very patwthtme and helped me learn some
basic welding techniques so | could install bafflethe hoods. Thanks also go out to the
students at the Water Lab who helped me set ugesite and collect data.

The final and greatest thanks go to my wife, Njkahd daughter Norah. While
taking data my wife was pregnant with our littleecand | would leave early in the
morning to collect data. Nikell was very patiendamderstanding of the time and effort
spent on this project and helped me along the way.

Barry J. Prettyman



viii

CONTENTS
Page
AB S T R A C T ittt oo e e e e e ettt e et et et e e e e e bbb bbb e e e e e iii
PUBLIC ABSTRACT ..ottt rmmr ettt a e e e e e e e e e e a e s s ettt bbb e e e e eees s s s s a e e %
ACKNOWLEDGMENTS ...ttt e e e e e e Vil
LIST OF TABLES ...ttt sttt e e e e e e e e e e e e s s st et e e e e e e e e eeeeas X
LIST OF FIGURES ...ttt ettt e e e e e e e e e e e e e s s mnnnne e e e e e e e e e e e as Xii
NOTATION Lo e e e oot e ettt e e e e e e e aasesnnnbbbbbbeseeeeees Xiv
CHAPTER
l. INTRODUCTION .ttt semmme e e et e et e e e et e e e eaaneaaees 1
. LITERATURE REVIEW ... 5
. EXPERIMENTAL LABORATORY METHODS ........cccoiiiiiiieeiieeeeeee, 13
([0 T0 o I D111 o | o PSP 13
HOOA POSITION .t ettt e e e e e e e 14
CONE VAIVE DESIGN ..ottt e e e e e e e eeeeeeennnnes 7.1
Baffled Hood Under Submerged Conditions......cccceevvvvvviviviiiininnnennn. 19
ENnergy DiSSIPAtiON ..........uuuuueuiiisie s eeeeaness s s e e e e e aeeeeeeeeeeennnnnes 21.
V. RESULTS Lottt e et e et e e e e e e eenanaas 24
Optimal Ranges for Backsplash Performance...........ccccccoevieeiiinnnnnnn. 24
CONE VAIVE DESIQN ..uvviiiiiee i e ettt e e e e e e e e e e e e e eeeeaaeeannnn 8.2
Submerged Baffled HOOd ............uueiiiiiie e 28
ENnergy DiSSIPAtiON ..........uuuuuuuiiiese e eetensess s e e e e e eeeeeeeeeeeennnnnnes 30.

V. DISCUSSION ..ottt 33



HOOd PlaCemMeNt.........oooiiiiiiiiiiiiiii e e e e e e e e e eeeeeeenneeee 33
CONE VAIVE DESIGN ..ttt e e e e e e e eeeeeeennnee 4.3
SUDMEIGENCE ...t e e e e e e e e eeeeeeeene 36
ENnergy DiSSIPAtiON ..........uuuuueuiiisie s eeteasess s e e e e e eaeeeeeeeeseennnnnes 38.
VI, CONCLUSIONS. ... ..ttt eeeeeee et e e e e e e e e e e e e e e s s s sseneereeeaes 39
REFERENGCES .....oooiiiiiiiiiiie ettt et e e e e e e e e s s s nnnnneeeeees 42
APPENDICES ...ttt e e e sttt e e a2 aaeeaeaeeeee s s s s s ssassbssnaaaaeeaeeesssssannnnns 43
Appendix A: Hood Dimensions and TOIerancCes .........cccccceeeeeiieeeeeeeeeennnn, 43
Appendix B: HOOd Impact LOCALIONS ...........commmervmniiiinaeeee e eeeeeeeeeeeiiviieens 48
Appendix C: Velocity Profile Data............ceeeeeeeiiiiiiiiieeeeeeecieeeeeinn 51

Appendix D: Power Dissipation Data...........ccceeeeeieeeiiiiiiiiiiiiiiiiicieeee e 68



LIST OF TABLES
Table Page
1. Ranges of hood placement with minimal backs$plas.............ccccceeeiiiiiiiiiiiiiinnes 25
2. Decrease in dissipation for rows of baffleS........ccccceeeiiiiii 32
G = (oo o it 10 o o = od (o To%= 14 0] o S 49
v = ToToTo IbZAT 0 ] o = ox o (o Tox= 11 o o 1S 49
O (o ToTo JRC N1 0 o1 o =Tt (o To%= 14 0] o 50
6. Profile data for submerged hood with baffle@%#6 open..........ccccevvvvvvivciiennnnnn. 52.
7. Profile data for submerged hood with baffleS@#o open...........ccc.oovvvvvvviiiennnnnn. 53.
8. Profile data for submerged hood with baffleg%# open..........cccccoevvvvvvvcieeennnn. 54.
9. Profile data for submerged hood with baffled@2% open...........cccovvvvvvieiennnnn. 55.
10. Profile data for submerged hood without bafie25% open........cccceeeevvveeeeeeennnnne. 56
11. Profile data for submerged hood without bafie50% open. .......cccceeeeeeveeeeeeeennenn. 57
12. Profile data for submerged hood without baffie 75% open. .......cccceeveevvieeeeeennnnne. 58
13. Profile data for submerged hood without baffie 100% open.......ccccceeeeveeeeeeeennnnn. 59
14. Profile data for free discharge with hood vitifles at 25% open......................... 60
15. Profile data for free discharge with hood vitifles at 50% open.......................... 61
16. Profile data for free discharge with hood vitffles at 75% open......................... 62
17. Profile data for free discharge with hood vitifles at 100% open........................ 63
18. Profile data for free discharge with hood withbaffles at 25% open..................... 64
19. Profile data for free discharge with hood withbaffles at 50% open..................... 65
20. Profile data for free discharge with hood withbaffles at 75% open..................... 66



21.

22.

23.

24,

25.

26.

Xi

Profile data for free discharge with hood withbaffles at 100% open...................
Power dissipation for hood with 4 rows of Bedf ... 69
Power dissipation for hood with 3 rows of Bedf ... 69
Power dissipation for hood with 2 rows of Bedf ... e 69
Power dissipation for hood with 1 row of baffl...............iiiiiii e 69
Power dissipation for hood with no baffles.............ccccoviiiiiiii 70



Figure Page
1. Fixed-cone valve and NOOM. ............ccemmiiiiiiiiiii e 1
2. Backsplash occurring with @ hooded-FCV ... 3
3. Relative length developed by Kawashima. .cccc.........oovviiiiiiieeeeeeeeeee 8
4. Three hood diMENSIONS. .......cuviiiiiiiieee e ee e 14
5. Configuration with rectangular baffles. .o, 15
6. Photo of conical jet Of WALE. .........cocemmrvviiiiiiiiie e 16
7. Typical CONE-VaIVe UESIGN. ..coeiiiieeieeeeeee ettt e e e e e e e e e e e e e e e eeeeeeeeeneeeeseeennnnen 18
8. Cone design CONfIQUIALIONS. ............oummmmmeeeeeeereeriieeeerieini s s e e e e e eraaaaaaeaaaaeaeees 18
9. Photo showing velocity measurements at freehdirge. ............ccccccceevivvvvvinnnnnns 21.
10. Acrylic plate and load cell used to measored. ................cccoevveeveeeeennnnnnns 23
11. Testing setup of downstream power measurement...............eevecereeereeeeeeenn. 23
12. The dimensioh and Projected CONE. ..........uuuuuuuiiiiicmmmmc e eeee e ee s 24
13, INitial JEE ANGIE .. —————— 26
14. Outer jet impact locations for Hood L...........coooiiiiiiiiiiiiciiiiee e, 26
15. Outer jet impact locations for HOOd 2...........coooviiiiiiiiiiiccicie e, 27
16. Outer jet impact locations for Hood 3. e, 27
17. Velocity profile of 100% open under submerged free discharge....................... 29
18. Velocity profile of 75% open under submerged free discharge............cccccceunn.. 30
19. Velocity profile of 50% open under submerged free discharge............cccccceunnn.. 31

Xii

LIST OF FIGURES

20. Velocity profile of 25% open under submerged free discharge........................ 31



Xiii

21. Power dissipation versus number of baffleow..........ccooovii e 32
22. Operation of Logan Hyrdo #2 FCV. ... 36
23. Operation of Logan Hyrdo #2 FCV. ..o 37
24. DIMeNSIoNS Of HOOO 1. ...ooooiiiiiiiii e 45
25. DIMeNsIioNs Of HOOO 2. .....ooooiiiiiiiii e 46

26. DIMENSIONS OFf HOOM 3. e e 47



cm

NOTATION

centimeter

diameter of the fixed-cone valve
energy

force

fixed-cone valve

feet per second

acceleration due to gravity

distance used to position hood
millimeter

Pressure

power of the flow at specific location
discharge rate

average pipe velocity

average pipe velocity at the hood exit
unit weight of water

fluid density
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CHAPTER |

INTRODUCTION

When operating hydroelectric power turbines thera meed for turbine bypa
valves. The valves are usto bypass turbines when service is requiggherating
turbines trip off linepr down stream flows must be mFlow that bypasses a turb
usually has high enerdizat must be safely dissipa. Onemethod for dissipating tt
energy is the use of a fix-cone valve (FCV). FCVs are also kmo as Howe-Bunger
valves and hollow-@ne valvesFCVsare used to control flow and dissipate energy u
medium to high head conditions. The valve forcesdtitflow into i diverging conical
hollow jet, which produces a large area of eneliggipatior through dispersic. The
flow can be controlled by a concen adjustable sleeve, also known as the gate w
surrounds the valve. Depending on the install;, the conical jet may need to

controlled. A stationarjrood can be placed over the conical jet as sho Fig. 1.

Hood

Upstream Pipe

Fixed-cone Water Profile

Adjustable Gate

Fig. 1. Fixed-cone valve and hood.



While the hood reduces the spray, the use of tbd kbauses the formation of a
concentrated hollow jet having a high velocity. 8lminate the hollow jet and reduce
exit velocities, the hood can include baffles dtextto the interior walls. The baffles in
the hood dissipate the energy effectively and sicantly reduce the area affected by
spray (Johnson et al. 2001). Because the perforenainhe FCV with baffled hoods has
been proven to be beneficial, many new installatiare being used. With the use of the
baffled hood becoming more prominent, this studyrasises the backsplash problem that
is common with FCVs and baffled hoods and presemtsiderations and guidelines that
effectively eliminate the problem.

One common concern when installing a hood arouad@V is that of
backsplash. Backsplash occurs when a significanuabtof water exits the upstream end
of the hood. For the purposes of this paper, 8r6ent of the flow exiting the upstream
end of the hood would be excessive and would requdifications. This usually occurs
when the hood is improperly placed. Backsplashatsm occur due to the baffle
configuration in the hood (Stephens et al. 201B). R shows severe backsplash
occurring with an improperly designed valve anddhoombination. Backsplash is a
concern because it can prevent access to the gahirgg operation and valve vaults can
be flooded. If low temperatures are present thé&ddash will cause ice to form which

could affect the operation of the valve (Johnsath@ham 2006).



Fig. 2. Backsplash occurring with a hooded-FCV.

An earlier study waperformed to show proper positioning of the hco prevent
backsplash (Kawashini984), but the study focus only on one hood and the hood ¢
not contain baffles.
The primary objectives of this thesis were as fos:
1) Determine the placeme of a baffled hood around the FCV to imprc
backsplash performans
2) Find a modification that can be attached to the R&€Wnprove backsplas
performance.
3) Determine the effects that placing a baffled homaiad a FCV have o
operations under submerged conditi.
4) Observe the effect that baffle removal has on gnéigsipatior
The thesigslocumer will begin by presenting previous literature knodge on
the subject and on operations that are currentlyse The literature review will b

followed by the setup of the tests and the actuatgrlures that were used to imprt



4
backsplash performance. Then the paper discussdsisritbat were tested as a result of
the findings. Finally the results are discussed@edented to demonstrate the benefits of

this study.



CHAPTER Il

LITERATURE REVIEW

Crow and Washbourn conducted a study to evaluat&afectory of the hollow
jet of a FCV in free discharge situations (Crow &vashbourn 1985). This was done so
a catchment could be sized based on the size, shiaghérajectory of the jet. The valve
used was a 1:14.2 scale model of a valve havir@y@egree cone. The valve discharged
into a large tank and water was recirculated uaipgmp. The maximum head was 10
meters and the maximum flow rate was 0*sniTo measure the shape and trajectory of
the outer boundary of the jet near the valve, tith@s used a point gauge mounted on
the valve centerline. The gauge could move in lioehx (horizontal) and y (vertical)
directions. To measure the trajectory of the engteplumb bobs were hung from
scaffolding above the centerline and dropped timéilbob intercepted the jet. The authors
formed Eq. 1 to show jet efficiency.

n =96.8— 1.28F (1)

wherey is jet efficiency (actual range/theoretical rangadF is the jet Froude number
F = ,/H/t, whereH is the total head at the valve and the thickness of the jet at the
vena contracta. The efficiency demonstrates hovinéight of the hollow jet in relation
the velocity head. An initial jet angle was fourrdlacompared to the valve opening
(stroke or S) in comparison to the diameter (Diheffixed cone valve (S/D).

Johnson and Dham conducted a study to find aliemateans to dissipate
energy exiting FCVs using different types of ho@tted with deflector rings, baffles,

and a backsplash suppression ring (Johnson and R6&6). To determine how



effective each design was, energy was measureceapsfrom the valve and
downstream from the hood and the power dissipatias measured using Eq. 2.

Py =yQ(H; — H,) (2)
whereP; is the power dissipation,is the unit weight of watef is the volumetric flow
rate of waterH; is the total energy at the inlet of the valve, &Rds the total energy at
the exit of the hoodTo determine the energy upstream from the valheeptiessure and
velocity were measured using a pressure gage aodfae plate, respectively. To find
the energy downstream from the hood, the pressaseassumed to be atmospheric or
zero. The velocity was found by placing a load bellween two plates just downstream
from the end of the hood. The exiting water impddtee plate which allowed a force to
be calculated using the momentum equation andvd@ge velocity was found using
Eqg. 3.

F 3
Vexit = 20 )
whereVg: is the average velocity of the exiting jEtis the force of the jet on the load
cell, p is the density of water, arf@is the volumetric flow rateThe valve that was used

in the study was a 200 mm FCV. The authors usddaefs and baffles and showed that
baffles were able to dissipate energy more effebtithat the deflectors. Fourteen
different configurations of hoods were tested. &bthors noted that the hoods emitted
varying amounts of backsplash depending on theigiamaition. The hood that was

ultimately used had an inside diameter of 590 mdhvaas 860 mm in length. The final

hood had a backsplash suppression ring with ttmes of staggered baffles. This
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configuration had no backsplash and had a powsipdison of 92 percent. Of particular
note was that the valve’s stroke was limited torapinately 55 percent of full open.

The Rodney Hunt Company provided valves to reptace/8-inch butterfly
valves used for emergency draining of the SaltrigsrDam (Johnson et al. 2005). As
part of the hydroelectric relicensing of the projeainimum instream flows, pulse flows,
recreation flows, and flow ramping rates were neags The existing 78-inch butterfly
valves were not suitable for flow regulation. Iretetwo FCVs would replace one of the
valves. A 78-inch FCV and a 24-inch FCV, both vathtionary hoods, were chosen. The
environment surrounding the valves required thatibods be smaller than the normal
design. The normal design of the hood is to haveside diameter of 2.5 times the
diameter of the FCV but, because of the agreenségrnied, the hood diameter was
designed to be 2 times the nominal diameter oFtb¥. The testing was performed at
the Utah Water Research Laboratory (UWRL) in Loddtah in July of 2013. Specific
flow rates and pressures were chosen to effectiwelgel the prototype conditions. At
each of the flow rates the amount of backsplashokasrved. This proved to be difficult
because backsplash could not be eliminated andstdetermined that the hood diameter
would have to be increased. It was found that alhatth a diamter of 2.2 times the
nominal diameter of the FCV, performed well ovex &xpected flow ranges with little
backsplash. At commissioning, testing was completecerify results. Commissioning
showed that the valve would operate at the requdiosdrates and could even operate at

higher flow rates with little or no backsplash.



Kawashima stued how the placement of a hood around a FCV affe
backsplasiperformance (Kawashir 1984). The hood used in the study wz
combination of cone and cylincalso known as a conventional hoddhe conical er
being upstream expanding conically to the cyliralrend of the hood. The authors fot
that the angle of the conicsection of the hood and the relative len@thfrom valve to
hood were the key factors backsplasiperformance. The relative leni was measured
from the projected contact pc of the condo the point of transition from cone
cylinder on the hoods shown irFig. 3. First the author found a reten between strok
and backsplaslAt different hood positics the valve was stroked and backsplash was

measured.

4_‘ L /fHood

Cone Projection

Fixed-Cone 1

Fig. 3. Relative length developed by Kawashima.
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To provide dimensionless units, the author comp#redtroke (S) and relative length
(L) to the diameter of the valve (D). The authaurid that at nearly any position of hood,
when the stroke was large (S/D > 0.4), there wasmal backsplash. A range was found
when the backsplash would increase as the strakeased (0 < S/D < 0.2) then
decreased as the stroke increased (S/D > 0.2)adther then focused on the relationship
between backsplash, position of the hood, and afglee water jet. It was found that
positioning the hood too close to the valve (L <@lised the water to impact in the
cylindrical section of the hood and created a lagetact anglef). This large angle
causes the water to exit the upstream end of tbd.h&s the hood was moved away from
the valve the jet impacted the conical sectiorhefltood angle of contact was reduced
and the performance improved. Kawashima recommetidédhe hood be positioned so
that L/D was approximately 0.1.

Mefford studied the velocity distribution downstnedrom the FCV using air as
the test fluid (Mefford 1982). Assuming that thedocities were symmetrical the
velocities were measured from the centerline ofvéilee to the edge. The velocities were
recorded and streamlines were developed. Thengliress showed that mixing occurs
between the jet and the nearby fluid. The fluickclily downstream of the FCV flows
toward the valve which creates a stagnation paititeacenterline of the valve. Further
downstream it was found that the jet reforms wiih thaximum velocity at the centerline
showing that, instead of a submerged conicalhetflow collapsed on itself and formed

a small circular jet with high velocities at thenterline of the valve.
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The author was made aware of the Lenihan Dam grajeerein FCVs and
baffled hoods were placed in operation. The caméigon used was a cylindrical baffled
hood with a backsplash suppression ring. An emas sent to the Santa Clara Valley
Water District to verify how the FCVs were perforngiat the Lenihan Dam Outlets. The
email was sent to obtain information about the apen, performance, and maintenance
of the FCVs and the baffled-hoods. The responderth@water resource supervisor
Jerry Sparkman. He indicated that the FCVs aré/fag@w so there is no data on the
long-term performance. There are two parallel F@¥salled, a 36-inch diameter and a
16-inch diameter. The area has been in a drougithviimits the use of the larger valve.
The smaller FCV has been under almost constantabpersince its installation and has
had no operation problems. The hood in use witlech FCV has been performing
well with the exception of a small amount of badksh at certain low flow rates.
Maintenance of the valves consists of a yearlyan8pn which entails a visual
inspection of the baffles, lubrication of all mogiparts, and stroking the FCVs fully
opened and closed.

Stephens, Johnson, and Sharp studied the effattbdffles have on energy
dissipation and backsplash when used with hoodshthee joined conical and cylindrical
sections, also known as conventional hoods (Stepéieal. 2012). The authors used
computational fluid dynamics (CFD) and some physiwadels for their investigation. A
three-dimensional (3D) model was used to test m@0+CV having an included cone
angle of 90 degrees. The diameter of the hood Wwasriches at an included angle of 56

degrees. The baffles were designed by varyingdh@wing: the spacing between each
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row of baffles, the initial spacing of the firstwaf baffles from the cone to cylinder
intersection, the height of each baffle, the tatahber of baffles, and the number of rows
for the total number of baffles. To measure the amhof energy dissipated for each
configuration the energy was measured upstream tihenlkCV and downstream of the
baffled hood. Forty CFD models were tested andrbdels were used to help the
authors select a physical model for testing. Th® @Gtodels showed that tall baffles with
minimal rows provided the best energy dissipatiiter the CFD modeling was
completed, scaled physical models were constructed) Froude similarity. Four
configurations were chosen and compared to the @b8el. The results showed that the
CFD model was fairly accurate for calculating powissipation, however; the CFD
model did not show the presence of backsplash. Métiye physical models showed
substantial amounts of backsplash that was unaaioeptnd because of this the
configurations were modified. It was found that thember of rows and the height of the
baffles had a significant impact on backsplashqrerince. As a result of this study a
number of configurations were found that had nkbplash and effectively dissipated
the energy.

The studies mentioned primarily dealt with onedaad the problems associated
with backsplash were corrected accordingly, butetage a number of hoods of varying
design and baffle configurations that could be usembnjunction with a FCV. This
study focuses on preventing backsplash in hoods dififerent angles and diameters and
how the addition of baffles affects the performaatthe hood. Another emphasis of this

study is to ascertain if the cone-valve design makeimpact on the performance of the
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valve/hood combination by comparing different vabemfigurations. The use of FCVs in
submerged conditions is rare and the addition fifdotbhoods has never been studied
previously. This study observes the effects thatatidition of the baffled hood has on the
submerged operation of a FCV and provides reshtis/mg the effectiveness of the

submerged hood.
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CHAPTER Il

EXPERIMENTAL LABORATORY METHODS

Hood Design

Part of this study was to observe the backsplastopnance of different hood
designs. Three hoods were chosen that reflectdlypiationary hood designs, except for
the extended length of the cylindrical section meketh accommodate baffles. Fig. 4
shows the three hoods and the associated hood simnenThe dimension D refers to the
largest diameter of the cone prior to transitiorimg the seat. The diameter of the FCV
used in the study was 6 inches and refers to #maeter of end of the cone and excludes
the seat ring and seating surface. All the dimerssghown are measurements of the
wetted surface or inside dimensions of the hooe. Adtods were constructed of 1/4 inch
thick steel and a flange was welded on to the apsirend to be able to restrain and
adjust the position the hood relative to the valWeods 1 and 2 had conical sections
having an angle of 28 degrees. This is a hood dekaj has been used with and without
baffles and has shown excellent backsplash perfocendl o verify if a shorter
cylindrical section and a smaller diameter affediadksplash performance, Hoods 1 and
2 were compared. Hood 3, with an angle of 25 dexgiegs performed well in many

installations, but has yet to be used with baffles.
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Fig. 4. Three hood dimensions.

Hood Position

Kawashima proved that positioning of the hoodseis/vymportanto prevent
backsplastiKawashima 198« The hood must be centered concentrically on d¢ime
valve and must be positioned precis To substantiate the work of Kawashi (1984)
and make new discoveri experiments were performed at the Utah Water Relsdab
The valves were fastened to upstream pipe usingdog threaded bolts. This ensd
that the valve would be securely fastenedthat the valve could be adjusted axit
relative to the cone valve. The three hoods first tested without baffle Flow rates
associated with the tests were measured usinglaatald magnetic flow mer and the
upstream pressures were measured approximatelgianmeters upstream from the F(
using a precisiopressure gaugThe testing proceedes follows: 1) the hood wz
positioned asleemed acceptable; 2) the valve would be fullykstticat a constai
pressure; 3) the pressure would be increased apd@stould be repeated. If t
backsplash amount approached 0.5 percent of thkflimty then the steps would |

repeated. This was de foreach of the hoods shown in Fig. 4.
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To verify how the installation of baffles affectdte ranges and backsple

performance, each hood had the same bafflfiguration installedFig. 5 shows the
configuration that was installed in every hoThe dimension D is again referring to f
largestdiameter of the cone. Eachod contained 24 baffles with six baffles in each.r
The baffles were placed and staggered so thaelkaffivered the entire circumference
the cylindrical section of the hoc« The baffles were made usipgces of 1/8 inc angle
iron and were weldednto the hooc To find the ranges where backsplash perform

was acceptable, the stgpeviously listed were followed.

Fig. 5. Configuration with rectangular baffles.
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To verify where the conical jet of water was impagtthe hoods, the hoods were
removed and the outside surface of the hollow @nét was measured. The following
steps were taken when the jet was being measuy¢ioe Yalve was set to a certain
opening in percentage; 2) the pressure upstredheofalve was set to pressures of 1, 5,
10, 20, and 30 psi; 3) the horizontal distancén&duter surface of the jet was measured
at heights of 5.31, 7.31, and 9.31 inches, usiagetid of the cone and the axial
centerline of the cone as the reference point. Bighows the conical jet with the hood

removed.

Fig. 6. Photo of conical jet of water.
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Cone Valve Design

There are many types of cone valve designs tleaised in conjunction with
stationary hoods. To verify if certain designs parfed better than others, five cone
valve configurations were machined. Fig. 7 is mezwgalve design that is common. Fig.
8 shows a close-up view of the seating surfacedch valve seat configuration. The
cone valve was machined to be able to fasten additpieces onto the downstream end
of the cone facilitating easy alterations. The plade and spacers were machined on a
lathe and holes were drilled in the back so screawdd be used to fasten the additions to
the downstream end of the cone.

Configuration #1 is representative of a typicaM~@iith a metal seating surface.
Configuration #2 adds an endplate that is sliglattger. Configuration #3 is a
combination of the endplate and a spacer. Configur#4 was done to in an attempt to
be more economical by machining an endplate thatlarger than the cone but smaller
than the endplate in Configuration #2. Configunati® is a combination of the smaller
endplate with a spacer. Each configuration wasliest in the hoods and each was tested
to show how it affected backsplash performancehEane valve configuration was
tested at the pressures and openings that werenlsedthe FCV/hood combinations

were tested.
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Fig. 7. Typical cone-valve design.
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Fig. 8. Cone design configurations.
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Baffled Hood under Submerged Conditions

Under most conditions the FCV is discharging intta@spheric pressure and the
remaining energy is dissipated in a stilling bamim discharge channel. The basin or
channel is designed to capture the jet and safefypte the excess energy. In some
cases, submerging the valve can prevent some pnstdach as a high degree of spray or
icing in cold weather conditions (Mefford 1982).fBuergence also has negative effects.
The potential for cavitation is greater and highibrations may occur. The flow pattern
is very complex and has the possibility of formlagge eddies which can cause problems
with sedimentation and erosion. A study was cotegdlewhich observed the flow
pattern of a FCV operating under submerged comditishich showed that, instead of a
submerged conical jet, the flow collapses and foaamencentrated submerged jet
(Mefford 1982). There is little to no research whinvestigates the effects that a baffled
hood has on the flow pattern when a FCV is subnterge

To understand what effects submerging a FCV wihatdonary hood has on
velocities exiting the hood, tests were done inUN#RL. Hood 1 was placed in a large
box that had adjustable gates that could be cladkxuying for the hood to be completely
submerged, or opened, providing free dischargeitiond. A 12-inch calibrated
magnetic flow meter was used to measure the digetard a precision pressure gauge
was used to measure the pressure approximatelyp&@eam from the valve. A pitot-
tube and a calibrated pressure transducer weretasedasure the velocity profile of the

discharge. The pitot-tube measured the total hegd+ V%/2g) and the piezometric head

(PFy). The calibrated transducer measured the differefithe piezometric head and
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total head and an output was given in feet, whighasented the velocity head(&t)).

Then the velocity was found using the following atjon:

V= \/(Output - §> 29

whereV is velocity in,g is the gravitational constang,is the pressure, ands the

()

specific weight of water. The pitot-tube was ateatho a 1/8 inch metal strip that was
adjustable so the pitot-tube could measure vekxcdiong the axial centerline of the
valve as shown in Fig. 9. The hood was testedeim discharge conditions as well as
submerged conditions. For both conditions the heasl tested with and without baffles
installed. Fig. 5 shows the configuration that waed when baffles were present. The
following steps were used to perform the test @ fdischarge conditions: 1) the valve
was set to a specific opening in percent openihth discharge and upstream pressure
were recorded; 3) the pitot-tube measured velacédross the axial centerline; 4) the
valve opening was changed and steps 1 through & re@peated at openings of 25, 50,
75, 100 percent. The steps for testing the subrdezrgeditions were the same except for
the addition of measuring the depth of submergeRois. was measured by a calibrated
pressure transducer that measured the pressume egnterline of the valve which was
converted to a depth. The submerged depth was d@pmately 4.4D for all of the tests

performed.
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Fig. 9. Photo showing velocity measurements at free digghar

Energy Dissipation

Energy dissipation is one of the most importantfioms of a baffled hood. Tests
were performed to determine the amount of energsigited for each row of baffles
used. The test was done at the UWRL and becaushsttigarge resulted in a large
amount of spray, the hood was encased in a largelevobox.

Hood 1 was used and initially the hood containeth@#lles with 4 rows of 6
baffles per row. The configuration of the bafflsshown in Fig. 5. To measure the
amount of power dissipation associated with thedhtite power upstream and
downstream of the hood needed to be calculatedpdtver at the upstream and
downstream positions were found using the followenqgation:

Power = YQE 5)
wherey is the specific weight of wateq is the volumetric flow rate, anilis the flow

energy at the specific location. The upstream gné&gwas calculated using a pressure
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gage approximately two diameters upstream fronvéiee and the velocity was
calculated using the pipe area and the flow rateCawas measured using a calibrated
magnetic flow meter. Calculating the flow energyree downstream location was a little
more difficult because the hood was discharging attnospheric pressure. To calculate
the power at the downstream end of the hood,thestiverage velocity was calculated

using Eqg. 7 (momentum) and Eq. 8 was used to ketthe associated energy,

F 6

Vexit = P_Q ( )

E = Vezxit (7)
29

whereF is forcep is the density of watef is the volumetric flow rate, arglis the
gravitational constankE was measured using a load cell that was mounteddéte
plate that was perpendicular to flow 6 inches afway the downstream end of the hood
as shown in Fig. 1@ was measured using a calibrated magnetic flowmete

The power dissipation associated with the baffledd was initially measured
with 24 baffles with 4 rows of 6 baffles per ronhé power dissipation was measured at
valve openings of 25, 50, 75, and 100 percent, ghew of 6 baffles would be removed,
starting with the row furthest upstream, and thegrodissipation would be measured for

the same valve openings. This was repeated unbbffees remained in the hood.
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CHAPTER IV

RESULTS

Optimal Rangesfor Backsplash Performance

Each hood had a range of positions where backswas minima when no
baffles were present in the ho\When baffles were installed, the range of g
performance was smaller and there was no accefrange for Hoo®. To help
understand where to position the hca dimensior. was definedL is an extension «
the inside diameter (1.D.) of the hood to thtersection of the projected cone leaving
FCV as shown in Figl2. This approach is similar to what FCV manufactutess wher
positiong the hoodelative to the valv. The projection from the inside diameter v
chosen because the thickness of the hood can eamgbrhoods and the wetted surfe
was deemed mosgnportan. The ranges where the hoods hadimal backsplas are

shown in Table 1.

*{ }» L {extended from 1.D.)
X Projected Flow Path

|

D

l

Fig. 12. The dimensior. and projected cone.
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Table 1. Ranges of hood placement with minimal backsplash.

Baffle
Configuration Hood No. Range
1 0.14D - 0.18D
Without Baffles 2 0.16D - 0.20D
3 0.17D - 0.21D
1 0.15D - 0.17D
With Baffles 2 0.18D - 0.20D
3 N/A

The outer surface of the conical jet was meashye@moving the hood and
measuring the distance to the jet at specific sjglising the end of the cone and the
axial centerline as the datum. The measurements taken at openings of 10, 30, 50,
and 100 percent. The pressures were 1, 5, 10na@B@&psi. At the opening of 100
percent the maximum upstream pressure was 5 pSi0 Aercent open the max upstream
pressure was 20 psi, and the max for 30 and 1@peopen was 30 psi. The angle of the
jet near the valve was measured at each openigg.13& shows the angle associated with
the ratio of valve opening, or stroke (S), to tbeediameter (D). As the valve was
opened, the angle became shallower. The measugésl @frthe jet found during this
study agrees with the data collected by Crow andhNaurn (Crow and Washbourn
1985). The impact points for each of the hood&@tiarying pressures are shown in Fig.
14 through Fig. 16. These were found by imposimghood over the cone and then
marking the intersection of the hood with the pctge jet trajectory. The figures show
that for pressures above 5 psi the impact poirasgéd very little. When the pressure
was at 1 psi the impact point moved downstreamit@®opening of 100% the impact

point did not change as the pressure increased.
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Cone Valve Design

When all the valve designs were tested they weed with each of the three
hoods and initially tested within the ranges shawable 1. If backsplash was present
within the ranges then the hood was adjusted bpgkream and downstream in an
attempt to stop the backsplash. When there wetmfites in the hoods each of the
hoods had ranges that performed well with the vayyialve designs. When baffles were
introduced, the cone-valve shown in Configurati@n(a@s seen in Fig. 8) was the only
configuration to have ranges where there was minaeksplash present. This cone-
valve performed well with hoods 1 and 2 (the 28rdedhoods). A range of good
performance could not be found for Hood 3. The liamg cone-valve configurations
did not have a range where backsplash performaaseaaceptable in any of the hoods

with baffles.

Submer ged Baffled Hood

Operating the FCV under a submergence of 4.4Divel&t the valve centerline,
the velocity profile exiting the hood is shown ilgF 17 through Fig. 20. At places along
the centerline negative velocities were found,dating that the flow was returning
toward the valve. When negative velocities werentbthey were not plotted. Negative
velocities were found when the pitot-tube was ddveasn of a baffle and when the hood
did not have baffles. When the valve and hood withaffles operated under submerged

conditions, the majority of the flow was found néda edges of the hood.
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Fig. 17. Velocity profile of 100% open undsubmergd and free dischar.

In locations other than the edges, the measurextiiels were negative values, mean
the flow was collapsing on itself and reversingildirection. When the valve and ho
with no baffles was operated under free disce conditions, the hood formed a hollc
circular jet and velocities were zero except fa ¢dages. When baffles were attache
the hood, the velocities were the lowest near &mer and near the edge of the hc
When compared, the submerged conds measured lower velocities in all conditic
except for the 25 percent opening near the ed¢igedfiood. This shows th

submergence dissipates more energy tha-submerged operation.
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Energy Dissipation
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Power dissipation was measured for a hood congdnbaffles, consisting of

dissipation would decrease by a greater amourti@srsinTable 2.

rows with 6 baffles per row, as shownFig. 5 Rows were removed one at a tir
starting with the row furthest upstream, to shoerdssociated power dissipatior
various openings. Fig21 shows he results that removing rows of baffles had or

energy dissipation for different valve openings.réws were removed, the pow
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Table 2. Decrease in dissipation for rows of baff

No. of Baffle Row 3 2 1
% Decrease in Dissipati 6% 24% 47%

0

63%
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CHAPTER V

DISCUSSION

Hood Placement

Placement of the hood was a very sensitive prodésshood to valve position
ranges were fairly small, even when there wereaftids in the hood. The ranges were
consistent with Kawashima and hood positions sugddsy hood manufacturers. When
baffles were introduced in the hood, the placen@rtance became smaller and the
position of the hood was extremely sensitive tatpmsand concentricity. Only one
baffle configuration (Fig. 5) was studied for theee hoods and the ranges may be
specific to that baffle configuration. If anothemdiguration of baffles or different hood
design were to be used, it is recommended thatiaddi tests be performed to assure
that backsplash is minimal.

The impact points for Hoods 1 and 2 are very simwhile the impact points for
Hood 3 are further away from the FCV. This is cetesit with Kawashima, showing that
hood performs better when the jet impacts the @siection of the hood. All hoods had
ranges where backsplash was minimal when no bafiées in the hoods. When baffles
were added only Hoods 1 and 2 had ranges of mirangtsplash. Hood 3 was moved
upstream and downstream from the FCV, in an attémptevent backsplash, however,
no acceptable range for Hood 3 was found. This shibat when baffles were added, the
slight difference of the angle of the conical sectof the hood played a significant role in
backsplash performance. This helps possible us€r€ds decide which stationary hood

would best perform at specific sites. If the sikeds to install a baffled hood the 28
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degree hood would be preferable, whereas, if tisanet a need for baffles in the hood
the 25 degree would perform equally well.

At upstream pressures higher than 5 psi the jpaahpoints on the hoods did not
change when the pressure was increased. This gpdadicate that the jet geometry is
consistent and the differences are solely relatgettvelocity. At pressures lower than 5
psi the impact points began to move downstreambétlone of the points of impact
landed on the conical section of the hood. Thetgbat did not land on the conical
section was at 10 percent open with an upstreasspre of 1 psi. The results show that

the impact locations are mostly independent ofqunes(above 5 psi).

Cone-Valve Design

The order of the configurations shown in Fig. & @presentative of the order in
which they were tested. Configuration #1, whichrespnts a typical, basic metal seated
FCV design was tested and the backsplash was ystabbe despite multiple adjustments
to the hood. Configuration #2 which added an endpfaat was slightly larger in
diameter (1.08 D) directly onto the end of the imrdd) valve. This design also had poor
backsplash performance. When a spacer was addeddrethe valve and the endplate
(Configuration #3), the backsplash performance owed significantly. The
improvement resulted in essentially eliminatingksgptash across the range of flows and
pressures for specific hood locations. After Comfegion #3 proved successful, a smaller
endplate was attached without the spacer (Configur#4) and with the spacer
(Configuration #5). Configurations #1, #2, #4, d%dhad valve openings that performed

well and some that did not perform well. At 100q@e1t open all of the cone designs
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performed well with little to no backsplash. Fontigurations #1, #4, and #5 backsplash
would appear at approximately 70 percent openhAs/alve was closed backsplash was
present until 30 percent open. Below 30 percenkdydash would be reduced to minimal
amounts. Configuration #2 was poor at all openengs$it appeared that the jet was
impacting the added plate directly because thedpagh was severe.

When Configuration #3 was installed there was areise in noise, which was a
result of an increase in the air demand. The ammad®l aids in preventing backsplash due
to high air velocity at the hood’s inlet. When theod was operating under free discharge
conditions, the impact points were measured usiagbne configurations #1 and #3.
The impact points were essentially the same asishowig. 14 through Fig. 16. These
impact points were a measure of the outer dianoétére conical jet of water. The inner
diameter of the conical jet was not measured becalthe difficulty of measuring the
surface. Whether the additional pieces had an itmpathe inner jet is unknown. There
could be several reasons why the addition of tlaeespand plate improve backsplash
performance. One possibility is that the water statyached to the valve, contacts the end
plate, which then forces the inner diameter jdigbave differently. The effect on the
inner diameter of the jet was not studied, howeites,known that the addition of the
spacer and end plate greatly improved the backsplagormance of the valve. The
valve was noticeably nosier because the air demasdgreater. The most important
improvement was the backsplash performance, wieishited in essentially eliminating

backsplash.
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Submergence

A FCV is not a commonly used ene-dissipator whenudbmerged conditions a
presents only two were discover during the literature revieto be operating ii
submerged conditions. A FCV with a baffled hoodraiag under submerged conditic
could not be found. Previous studies showed thatatimg a F(\V under submerge
conditions resulted in the formation of a concaetliasubmerged jet with high velocit
(Mefford 1982) When Logan City operated the FCV at Hydroeled®rigject #2, th
resulting flows showed that the submerged FCV caasgolent dicharge as shown
Fig. 22 through Fig. 23.

The addition of a hood withobaffles under submerged conditions showed
the submerged jet attaches to the hood and causésrimation of a concentrat
submerged jet with high velocities. The velocitiéshe submerged conditions we
slightly lower than those found at freecharge however both measured velocities t

were high and violent conditions would be expe

Fig. 22. Operation ol_ogan Hyrdo #2 FCV.
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Fig. 23. Operation ol.ogan Hyrdo #2 FCV.

When baffles werinstalled in the hoodhe velocities exiting the hood we
again lower than those opengat free discharge. The velocity profile suggesss the
submerged jetittaches to the hood allowing the baffles talissipate energy and redu
velocities.

While there are no known sites that use a FCV wiltaffled hod undel
submerged conditions, 1 site in Logan, Utah, isnplementing a submerged baffl
hood Currently the site, Logan City’s Hydroelectriofrct #2, has a submerged F
without a hoodhat discharges into a chamber having approxim&ielpf submergenc
from the valve centerline. With valve openings pp@ximately 20 percent and grea
the water in the chamber is evacuated and the wglgeates under free discharge. -
flow veloctities were high enough that the chamber’s steel irms damaged ar

required repair. A model study wperformedat Utah State University that modeled
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site’s FCV and the addition of a baffled hood. Bhedy showed excellent results and the

baffled hood design will be implemented in 2014.

Energy Dissipation

Tests were performed to show how baffle removahfa hood affected power
dissipation when used with a FCV. The rows of legffivere removed one at a time and
power dissipation was measured for each row remoMeel data for the power
dissipation with 24 and zero baffles agree withghevious work done by Stephens et al.
(2012) showing that the baffles dissipate a largeunt of power. As the rows were
removed the decrease in power dissipation incre&smuoval of the first row, starting
with the row furthest upstream, resulted in a deseeof about six percent after that, the
removal of each row resulted in an additional deseeof approximately twenty percent.
From this it was calculated that for the first reemoved (starting with the furthest row
upstream), each baffle removed resulted in a df@pproximately one percent, and after
the first row is removed, each baffle removed resbin a drop of approximately three

percent.



39
CHAPTER VI

CONCLUSIONS

FCVs with hoods have proven to be efficient inrggelissipation and
performance when properly installed. If not propenitalled, backsplash will be present
and could cause problems for operators and thewuling area. This study provided
recommendations that can help clarify how diffefemdds perform with and without
baffles.

The positioning of the hood has a considerablearhpn backsplash performance
on all the hoods. All of the hoods had ranges wfhlere backsplash was acceptable when
no baffles were installed in the hoods. When thedsdhad baffles installed, the angle of
the conical section of the hood played a greater fiche 25 degree hood with baffles did
not perform as well as either of the 28 degree bodte tolerances decreased for both of
the 28 degree hoods making the positioning of ttedmore important. This will help
users who are deciding on what type of hood wilubed and if that hood will be baffled.
The ranges found for the hoods were for one batitdiguration, so additional studies
need to be performed if different baffle configimas are used.

The discovery of the additional spacer and entepsasignificant. This
configuration was only tested for the baffle conf@tion done in this study so additional
studies may be required for different FCV desidnsmd designs and baffle
configurations. The effect that the additional gyand plate (Cone Configuration #3)
had on the backsplash performance was unpreceddiitecir demand and backsplash

performance were drastically changed. If a site @aeriencing problems with
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performance or backsplash the spacer and thequatd be added to improve
performance.

Operating FCVs under submerged conditions is aot gommon. The valve
produces a jet with high velocities that could baaceptable depending on the site. The
addition of the baffled hood resulted in the eliation of the concentrated jet and
effectively reduced velocities. With this data, #dlition of a baffled hood was
recommended for installation at the Hydro #2 in &iw@ity, Utah. The baffled hood will
be installed and is projected to save the city axprately fifty thousand dollars up front
by utilizing the hood rather than lining the chamimestainless steel. The success of this
study may result in more submerged FCVs beingzetili

Depending on the site, the energy dissipation neeg to be less than that with a
hood having a full battery of baffles. This studypwed that when baffles are removed
the power dissipation decreases about 3 percehteaith baffle removed. This
information could be useful when designing a sitgjlbasin. This study focused on one
baffle configuration so the decreases in poweriphs®n could be different depending
on the number of baffles and the baffle configuwmin the hood.

The findings related to the design of the coneralre something that requires
further research. A better understanding of whatixnear the seating surface of the
valve could help understand why the performanceavgs with the addition of the
spacer and end plate. Computational fluid dyna@E) programs could be used to
help understand what occurs at such a small SOplerating a submerged FCV with a

baffled hood is also a topic that needs to be reked further as so few are in operation
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and the lack of research on the subject. Operé#tiegalve in submerged conditions
without aerating the valve results in a higher po& for cavitation which could damage
the valve and hood.

As the use of fixed-cone valves with hoods graws,need for general guidelines
to enhance performance increases. This study @lifi isers understand what hood could

be used and the placement of the hood so thatlke/lnood performs well.
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Appendix A: Hood Dimensions and Tolerances
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Fig. 24. Dimensions of Hood 1.
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Fig. 25. Dimensions of Hood 2.
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Fig. 26. Dimensions of Hood 3.



Appendix B: Hood Impact Locations
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Table 3. Hood 1 impact locations.

Upstream

Opening Pressure X Y
(%) (psi) (in) (in)
1 53 7.2

10 5 4.7 7

10 48 7

30 47 7
1 52 7.2
30 5 4 6.6
10 4 6.6
30 39 65
1 39 65
50 5 32 6.2
10 33 6.2
20 3.2 6.2
100 1 19 55
5 19 55

Table4. Hood 2 impact locations

Upstream

Opening Pressure X Y
(%) (psi) (in) (in)
1 57 75

10 5 48 7.1
10 49 7.1

30 48 7.1

1 54 74

30 5 41 6.7
10 41 6.7

30 41 6.7

1 4 6.6

50 5 34 6.3
10 35 63

20 34 6.3

100 1 21 56

5 21 56




Table5. Hood 3 impact locations

Upstream

Opening Pressure X Y
(%) (psi) (in) (in)
1 57 1.5

10 5 5 72
10 5 72

30 5 72

1 54 74

30 5 44 69
10 44 69

30 43 6.9

1 44 69

50 5 4 6.7
10 4 6.8

20 39 6.7

100 1 32 64

5 32 64




Appendix C: Velocity Profile Data
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Table 6. Profile data for submerged hood with baffles at 2&8én.

52

Run  Elow Pipe V. From Inst. Inst. V. Velocity
Vel. Sub. Center Span Out Head
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft’s
1 182550 20.27 2.20 7.00 30.00 7.02 0.47 5.51
2 182475 20.26 2.20 6.00 30.00 722 0.50 5.69
3 1788.00 19.86 2.20 5.00 30.00 1116 1.12 8.49
4 1826.25 20.28 2.20 4.00 20.00 1660 1.31 9.19
5 1827.75 20.30 2.20 3.00 20.00 1854 1.51 9.88
6 1825.50 20.27 2.20 2.00 20.00 1630 1.28 9.08
7 1827.00 20.29 2.20 1.00 20000 920 0.54 591
8 1826.25 20.28 2.20 0.00 20.00 635 0.24 3.97
9 1826.25 20.28 2.20 -1.00 20.00 1468 1.11 8.46
10 1824.75 20.26 2.20 -2.00 30.00 1768 2.14 11.73
11 1823.25 20.25 2.20 -3.00 30.00 1720 2.06 11.52
12 1824.00 20.26 2.20 -4.00 30.00 1415 1.59 10.11
13 1824.00 20.26 2.20 -5.00 30.00 1116 1.12 8.49
14 1825.50 20.27 2.20 -6.00 30.00 722 0.50 5.69
15 1827.00 20.29 2.19 -7.00 30.00 975 0.90 7.61




Table7. Profile data for submerged hood with baffles at 58)8én.
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Pipe V. From Inst. Inst. V. :
Run  Flow Vepl. Sub. Center Span Out Head Velocity
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft’s
16 2796.00 31.05 2.20 7.00 35.00 16.68 2.31 12.20
17 2798.25 31.08 2.20 6.00 3500 6.60 0.47 5.52
18 2795.25 31.04 2.20 5.00 35.00 916 0.94 7.78
19 2796.75 31.06 2.20 4.00 50.00 1835 3.74 15.51
20 279750 31.07 2.20 3.00 50.00 1810 3.67 15.38
21 2799.00 31.08 2.20 2.00 50.00 14.18 2.65 13.07
22 2795.25 31.04 2.20 1.00 50.00 7.75 0.98 7.93
23 2801.25 31.11 2.20 0.00 50.00 491 0.24 3.91
24 2798.25 31.08 2.20 -1.00 50.00 790 1.02 8.09
25 2798.25 31.08 2.19 -2.00 50.00 1480 2.81 13.46
26 2796.75 31.06 2.19 -3.00 50.00 1846 3.77 15.57
27 279750 31.07 2.8 -4.00 50.00 17.03 3.39 14.78
28 2799.00 31.08 2.18 -5.00 50.00 982 1.52 9.88
29 2798.25 31.08 2.18 -6.00 50.00 593 0.50 5.69
30 2796.00 31.05 2.18 -7.00 50.00 947 142 9.58




Table 8. Profile data for submerged hood with baffles at #&8én.

54

Pipe V. From Inst. Inst. V. :
Run  Flow Vepl. Sub. Center Span Out Head Velocity
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft’s
31 339150 37.66 2.24 7.00 50.00 1434 2.69 13.17
32 339525 37.71 224 6.00 50.00 7.74 0.97 7.92
33 3393.75 37.69 2.25 5.00 50.00 1052 1.70 10.46
34 339450 37.70 2.25 4.00 65.00 1812 4.78 17.55
35 339225 37.67 2.25 3.00 65.00 18.09 4.77 17.53
36 3393.00 37.68 2.24 2.00 65.00 13.68 3.28 14.53
37 3393.75 37.69 224 1.00 65.00 746 1.17 8.69
38 339525 37.71 224 0.00 65.00 475 0.25 4.04
39 339225 37.67 223 -1.00 65.00 6.66 0.90 7.62
40 3393.00 37.68 2.23 -2.00 65.00 1345 3.20 14.35
41 3393.00 37.68 2.22 -3.00 65.00 1752 4.58 17.17
42 3393.00 37.68 2.22 -4.00 65.00 1643 4.21 16.46
43 3392.25 37.67 2.22 -5.00 65.00 10.74 2.28 12.12
44 3393.75 37.69 2.22 -6.00 65.00 711 1.05 8.23
45 3393.00 37.68 2.22 -7.00 65.00 895 1.68 10.39
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Table9. Profile data for submerged hood with baffles @d%pen.

Run  Elow Pipe V. From Inst. Inst. V. Velocity
Vel. Sub. Center Span Out Head
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft’s
46 3716.25 41.27 2.26 7.00 65.00 1115 2.42 12.49
47 371550 41.26 2.26 6.00 65.00 764 1.23 8.91
48 3717.75 4129 2.26 5.00 65.00 973 1.94 11.18
49 3716.25 41.27 2.26 4.00 75.00 1726 5.18 18.26
50 3717.00 41.28 2.26 3.00 75.00 1730 5.20 18.29
51 3716.25 41.27 2.26 2.00 75.00 1367 3.78 15.60
52 3719.25 41.30 2.26 1.00 75.00 772 145 9.67
53 3717.00 41.28 2.26 0.00 75.00 510 043 5.26
54 372150 41.33 2.25 -1.00 75.00 761 141 9.53
55 3717.75 4129 224 -2.00 75.00 1354 3.73 15.49
56 372225 41.34 224 -3.00 75.00 16.70 4.96 17.87
57 372150 41.33 224 -4.00 75.00 1453 4.11 16.28
58 3043.50 33.80 2.23 -5.00 75.00 1018 241 12.47
59 3719.25 41.30 224 -6.00 75.00 736 131 9.19

60 3716.25 41.27 2.23 -7.00 75.00 695 1.15 8.61




Table 10. Profile data for submerged hood without baffle2%# open.
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Run  Flow E)/'epf S\l/J.b. (l::é?]?;r Inst. Span Inst. Out H\éé d Velocity
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft)s

1 1803.00 20.02 2.20 7.00 30.00 17.08 2.04 11.47
2 1802.25 20.01 2.23 6.50 50.00 17.20 3.44 14.88
3 1797.00 19.96 2.24 5.50 70.00 6.44 0.89 7.57

4 2775.75 30.83 2.23 5.00 120.00 Negative - Negative
4 1785.00 19.82 2.22 4.00 50.00 Negative - Negative
5 1785.75 19.83 2.21 3.00 50.00  Negative - Negative
6 1782.00 19.79 2.21 2.00 50.00 Negative - Negative
7 1780.50 19.77 2.21 1.00 50.00 Negative - Negative
8 1781.25 19.78 2.21 0.00 50.00 Negative - Negative
9 1782.00 19.79 2.21 -1.00 50.00 Negative - Negative
10 1780.50 19.77 2.21 -2.00 50.00 Negative - Negative
11 1780.50 19.77 221 -3.00 50.00 Negative - Negative
12 1780.50 19.77 221 -4.00 50.00 Negative - Negative
13 1779.75 19.76 2.21 -5.00 50.00 Negative - Negative
14 1800.00 19.99 221 -5.50 50.00 5.38 0.36 4.81

15 1799.25 19.98 221 -6.00 50.00 11.52 1.96 11.23
16 1796.25 19.95 2.23 -7.00 70.00 17.24 4.83 17.63




Table 11. Profile data for submerged hood without baffleS@# open.
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Run  Flow \P/'epf S\l/J.b. (l::é?]?;r Inst. Span Inst. Out H\ééd Velocity
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft)s

17 2832.75 31.46 2.40 7.00 70.00 13.15 3.34 14.66
18 2833.50 31.47 2.34 6.50 120.00 17.12 8.20 22.98
19 283350 3147 2.34 6.00 120.00 12.90 5.56 18.93
20 2832.75 3146 2.34 5.50 120.00 4.27 0.17 3.30

21 2775.75 30.83 2.34 5.00 120.00  Negative - Negative
22 1785.00 19.82 2.34 4.00 50.00 Negative - Negative
23 1785.75 19.83 2.34 3.00 50.00 Negative - Negative
24 2773.50 30.80 2.34 2.00 120.00  Negative - Negative
25 2772.75 30.79 2.34 1.00 120.00  Negative - Negative
26 2775.75 30.83 2.34 0.00 120.00  Negative - Negative
27 2775.00 30.82 2.34 -1.00 120.00  Negative - Negative
28 2775.75 30.83 2.34 -2.00 120.00  Negative - Negative
29 1780.50 19.77 2.34 -3.00 50.00 Negative - Negative
30 1780.50 19.77 2.34 -4.00 50.00 Negative - Negative
31 277425 30.81 2.34 -5.00 120.00  Negative - Negative
32 2835.00 3148 2.33 -5.50 120.00 5.67 1.04 8.20

33 2831.25 3144 233 -6.00 120.00 9.15 3.22 14.40
34 2831.25 3144 2.33 -6.50 120.00 15.07 6.92 21.11
35 2834.25 31.48 2.32 -7.00 120.00 17.05 8.16 22.92




Table 12. Profile data for submerged hood without baffleg%#o open.
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Run  Flow \P/'epf S\l/J.b. (l::é?]?;r ISn;atln Inst. Out H\éé d Velocity
No. (gpm) (ft/s) (ft) (in) (in H20) (mA) (ft) (ft’s
36 3396.00 37.71 2.28 7.00 120.00 13.82 6.14 19.88
37 3396.75 37.72 223 6.50 140.00 17.85 10.10 25.50
38 3398.25 37.74 2.22 6.00 140.00 13.37 6.83 20.98
39 339750 37.73 222 5.50 140.00 7.99 291 13.69
40 3437.25 38.17 2.22 5.00 140.00 Negative - Negative
41 1785.00 19.82 2.22 4.00 50.00 Negative - Negative
42 1785.75 19.83 2.22 3.00 50.00 Negative - Negative
43 343350 38.13 2.22 2.00 140.00 Negative - Negative
44 3435.75 38.15 2.22 1.00 140.00 Negative - Negative
45 3435.00 38.15 2.22 0.00 140.00 Negative - Negative
46 3435.00 38.15 2.22 -1.00 140.00 Negative - Negative
47 3435.75 38.15 2.22 -2.00 140.00 Negative - Negative
48 1780.50 19.77 2.22 -3.00 50.00 Negative - Negative
49 1780.50 19.77 2.22 -4.00 50.00 Negative - Negative
50 343350 38.13 222 -5.00 140.00 Negative - Negative
51 339750 37.73 221 -5.50 140.00 6.06 1.50 9.84
52 3399.00 37.75 2.21 -6.00 140.00 10.04 4.40 16.84
53 3399.00 37.75 222 -6.50 140.00 16.00 8.75 23.74
54 3397.50 37.73 2.21 -7.00 140.00 17.15 9.59 24.85




Table 13. Profile data for submerged hood without baffle$@2% open.
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Run  Flow \P/'epf S\l/J.b. (l::é?]?;r ISn;atln Inst. Out H\éé d Velocity
No. (gpm) (ft/s) (ft) (in) (in H20)  (mA) (ft) (ft’s

55 3717.00 41.28 2.26 7.00 140.00 11.36 5.37 18.59
56 3719.25 41.30 222 6.50 140.00 17.08 9.54 24.78
57 3716.25 41.27 2.24 6.00 140.00 13.54 6.96 21.17
58 372150 41.33 224 5.50 140.00 8.50 3.28 14.54
59 3719.25 41.30 2.23 5.00 140.00 4.70 0.51 5.73

60 1785.00 19.82 2.23 4.00 50.00 Negative - Negative
61 1785.75 19.83 2.23 3.00 50.00 Negative - Negative
62 3765.75 41.82 2.23 2.00 140.00 Negative - Negative
63 3762.75 41.79 2.23 1.00 140.00 Negative - Negative
64 3762.75 41.79 2.23 0.00 140.00 Negative - Negative
65 3763.50 41.79 2.23 -1.00 140.00 Negative - Negative
66 3762.75 41.79 2.23 -2.00 140.00 Negative - Negative
67 1780.50 19.77 2.23 -3.00 50.00 Negative - Negative
68 1780.50 19.77 2.23 -4.00 50.00 Negative - Negative
69 3762.75 41.79 2.23 -5.00 140.00 Negative - Negative
70 3719.25 4130 2.22 -5.50 140.00 5.97 1.44 9.62

71 3722.25 4134 222 -6.00 140.00 10.58 4.80 17.58
72 372450 4136 222 -6.50 140.00 14.85 7.91 22.57
73 372450 4136 2.23 -7.00 140.00 17.10 9.55 24.80
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Table 14. Profile data for free discharge with hood with bedfat 25% open.

Run Flow \P/leplc'e From Center ISn;atln Igitt H\éé d Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)
1 1785.75 19.83 7.00 20.00 15.79 1.23 8.89
2 1785.00 19.82 6.00 20.00 10.31 0.66 6.51
3 1785.75 19.83 5.00 20.00 9.90 0.61 6.29
4 1785.00 19.82 4.00 50.00 18.16 3.69 15.41
5 1785.75 19.83 3.00 50.00 15.46 2.98 13.86
6 1782.00 19.79 2.00 50.00 14.54 2.74 13.30
7 1780.50 19.77 1.00 50.00 15.40 2.97 13.83
8 1781.25 19.78 0.00 50.00 17.04 3.40 14.79
9 1782.00 19.79 -1.00 50.00 18.24 3.71 15.45
10 1780.50 19.77 -2.00 50.00 16.16 3.17 14.28
11 1780.50 19.77 -3.00 50.00 14.46 2.72 13.24
12 1780.50 19.77 -4.00 50.00 12.61 2.24 12.02
13 1779.75 19.76 -5.00 50.00 6.75 0.72 6.79
14 1780.50 19.77 -6.00 50.00 5.17 0.30 4.43
15 1780.50 19.77 -7.00 50.00 5.46 0.38 4.95




Table 15. Profile data for free discharge with hood with bedfat 50% open.

Run Flow \P/leplc'e From Center ISn;atln Igitt Hgé d Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)
16 2774.25 30.81 7.00 100.00 12.48 4.42 16.87
17 2776.50 30.83 6.00 50.00 10.77 1.76 10.66
18 2775.00 30.82 5.00 50.00 9.17 1.35 9.31

19 2774.25 30.81 4.00 75.00 17.58 5.30 18.48
20 2775.75 30.83 3.00 75.00 15.72 4.58 17.17
21 2773.50 30.80 2.00 75.00 16.03 4.70 17.40
22 2772.75 30.79 1.00 75.00 13.68 3.78 15.60
23 2775.75 30.83 0.00 75.00 13.87 3.86 15.76
24 2775.00 30.82 -1.00 75.00 17.74 5.37 18.59
25 2775.75 30.83 -2.00 100.00 17.34 6.95 21.15
26 2774.25 30.81 -3.00 100.00 12.87 4.62 17.25
27 2775.00 30.82 -4.00 100.00 10.93 3.61 15.25
28 2775.00 30.82 -5.00 100.00 7.68 1.92 11.11
29 2772.75 30.79 -6.00 100.00 8.18 2.18 11.84
30 2773.50 30.80 -7.00 100.00 9.37 2.80 13.42
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Table 16. Profile data for free discharge with hood with bedfat 75% open.

Run Flow \P/leplc'e From Center ISn;atln Igitt Hgé d Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)
31 3435.00 38.15 7.00 100.00 15.09 5.78 19.29
32 3433.50 38.13 6.00 100.00 10.29 3.28 14.53
33 3433.50 38.13 5.00 100.00 11.95 4.14 16.33
34 3436.50 38.16 4.00 100.00 19.04 7.83 22.46
35 3437.25 38.17 3.00 100.00 16.62 6.57 20.57
36 3433.50 38.13 2.00 100.00 15.60 6.04 19.73
37 3435.75 38.15 1.00 100.00 10.83 3.56 15.14
38 3435.00 38.15 0.00 100.00 9.10 2.66 13.08
39 3435.00 38.15 -1.00 100.00 12.26 4.30 16.64
40 3435.75 38.15 -2.00 100.00 18.07 7.33 21.72
41 3433.50 38.13 -3.00 100.00 16.50 6.51 20.48
42 3434.25 38.14 -4.00 100.00 13.44 4,92 17.79
43 3434.25 38.14 -5.00 100.00 10.00 3.13 14.19
44 3434.25 38.14 -6.00 100.00 10.15 3.20 14.36
45 3434.25 38.14 -7.00 100.00 8.36 2.27 12.09
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Table 17. Profile data for free discharge with hood with bedfat 100% open.

Run Flow \P/leplc'e From Center ISn;atln Igitt Hgé d Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)
46 377250 41.89 7.00 100.00 15.95 6.22 20.02
47 3769.50 41.86 6.00 100.00 15.06 5.76 19.26
48 3768.75 41.85 5.00 100.00 17.36 6.96 21.17
49 3771.75 41.89 4.00 110.00 18.92 8.55 23.46
50 3765.00 41.81 3.00 110.00 17.08 7.49 21.97
51 3765.75 41.82 2.00 110.00 13.68 5.55 18.90
52 3762.75 41.79 1.00 110.00 8.83 2.77 13.35
53 3762.75 41.79 0.00 110.00 8.00 2.29 12.15
54 3763.50 41.79 -1.00 110.00 9.62 3.22 14.40
55 3762.75 41.79 -2.00 110.00 15.81 6.77 20.87
56 3762.75 41.79 -3.00 110.00 17.06 7.48 21.95
57 3763.50 41.79 -4.00 110.00 13.83 5.63 19.04
58 3762.00 41.78 -5.00 110.00 11.28 4.17 16.39
59 3762.00 41.78 -6.00 110.00 10.30 3.61 15.25
60 3763.50 41.79 -7.00 110.00 7.40 1.95 11.20
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Table 18. Profile data for free discharge with hood withoatfles at 25% open.

Pipe From Inst. Inst. V. .
Run  Flow Vepl. Center Span Out Head Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)
1 1746.00 19.39 7.00 600.00 1825 44.53 53.55
2 1745.25 19.38 6.50 600.00 9.86 18.31 34.34
3 174750 19.41 6.00 600.00 447 1.47 9.73
4 1745.25 19.38 5.50 600.00 4.00 - Inside Jet
5 1785.75 19.83 5.00 600.00 4.00 - Inside Jet
6 1782.00 19.79 2.00 600.00 4.00 - Inside Jet
7 1780.50 19.77 1.00 600.00 4.00 - Inside Jet
8 1781.25 19.78 0.00 600.00 4.00 - Inside Jet
9 1782.00 19.79 -1.00 600.00 4.00 - Inside Jet
10 1780.50 19.77 -2.00 600.00 4.00 - Inside Jet
11 1780.50 19.77 -3.00 600.00 4.00 - Inside Jet
12 1780.50 19.77 -5.00 600.00 4.00 - Inside Jet
13 1779.75 19.76 -5.50 600.00 4.00 - Inside Jet
14 1747.50 19.41 -6.00 600.00 447 1.47 9.73
15 1745.25 19.38 -6.50 600.00 9.86 18.31 34.34
16 1746.00 19.39 -7.00 600.00 1825 44.53 53.55
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Table 19. Profile data for free discharge with hood withoatfles at 50% open.

Pipe From Inst. Inst. T. :
Run  Flow Vel. Center Span Out Head Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)

17 2765.25 30.71 7.00 600.00 17.19 41.22 51.52
18 2765.25 30.71 6.50 600.00 920 16.25 32.35
19 2764.50 30.70 6.00 600.00 5.04 3.25 14.47

20 2832.75 31.46 5.50 600.00 4.00 - Inside Jet
21 2775.75 30.83 5.00 600.00 4.00 - Inside Jet
22 2773.50 30.80 2.00 600.00 4.00 - Inside Jet
23 2772.75 30.79 1.00 600.00 4.00 - Inside Jet
24  2775.75 30.83 0.00 600.00 4.00 - Inside Jet
25 2775.00 30.82 -1.00 600.00 4.00 - Inside Jet
26 2775.75 30.83 -2.00 600.00 4.00 - Inside Jet
27 2774.25 30.81 -5.00 600.00 4.00 - Inside Jet
28 2835.00 31.48 -5.50 600.00 4.00 - Inside Jet

29 2764.50 30.70 -6.00 600.00 5.04 3.25 14.47
30 2765.25 30.71 -6.50 600.00 920 16.25 32.35
31 2765.25 30.71 -7.00 600.00 1719 41.22 51.52
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Table 20. Profile data for free discharge with hood withoaffles at 75% open.

Pipe From Inst. Inst. T.

Run  Flow Vel. Center Span Out Head Velocity
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)

32 3384.00 37.58 7.00 600.00 16.04 37.63 49.22
33 3399.00 37.75 6.50 600.00 1034 19.81 35.72
34 3402.00 37.78 6.00 600.00 5.92 6.00 19.66

35 3398.25 37.74 5.50 600.00 4.39 1.22 8.86

36 3437.25 38.17 5.00 600.00 4.00 - Inside Jet
37 3433.50 38.13 2.00 600.00 4.00 - Inside Jet
38 3435.75 38.15 1.00 600.00 4.00 - Inside Jet
39 3435.00 38.15 0.00 600.00 4.00 - Inside Jet
40 3435.00 38.15 -1.00 600.00 4.00 - Inside Jet
41 3435.75 38.15 -2.00 600.00 4.00 - Inside Jet
42 3433.50 38.13 -5.00 600.00 4.00 - Inside Jet

43 3398.25 37.74 -5.50 600.00 4.39 1.22 8.86
44  3402.00 37.78 -6.00 600.00 592 6.00 19.66
45 3399.00 37.75 -6.50 600.00 1034 19.81 35.72
46 3384.00 37.58 -7.00 600.00 16.04 37.63 49.22
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Table 21. Profile data for free discharge with hood withoaffles at 100% open.
Pipe From Inst. Inst. T.

Vel. Center Span Out Head
No. (gpm) (ft/s) (in) (in H20) (mA) (ft) (ft/s)

Run  Flow Velocity

47 3756.00 41.71 7.00 600.00 1406 31.44 45.00
48 3753.75 41.69 6.50 600.00 1223 25.72 40.70
49 3756.00 41.71 6.00 600.00 7.11 9.72 25.02
50 3757.50 41.73 5.50 600.00 4.83 2.59 12.92
51 3756.75 41.72 5.00 600.00 431 0.97 7.90

52 3765.75 41.82 2.00 600.00 4.00 - Inside Jet
53 3762.75 41.79 1.00 600.00 4.00 - Inside Jet
54 3762.75 41.79 0.00 600.00 4.00 - Inside Jet
55 3763.50 41.79 -1.00 600.00 4.00 - Inside Jet
56 3762.75 41.79 -2.00 600.00 4.00 - Inside Jet

57 3756.75 41.72 -5.00 600.00 431 0.97 7.90
58 3757.50 41.73 -5.50 600.00 4.83 2.59 12.92
59 3756.00 41.71 -6.00 600.00 7.11 9.72 25.02
60 3753.75 41.69 -6.50 600.00 1223 25.72 40.70
61 3756.00 41.71 -7.00 600.00 14.06 31.44 45.00




Appendix D: Power Dissipation Data
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Table 22. Power dissipation for hood with 4 rows of baffles.

Run  Flow Pipe P. P. US Load Force DS  Exit Po_wer
Vel. Gage Head Energy Cell Vel Energy Diss.
No. (gpm) (ft/s) (psi) (ft) (f) (mVv) (b) (ft/s) (f) (%)
1 3110 345 550 127 312 780 260 193 5.81 81%
2 2887 321 880 203 363 720 240 192 574 84%
3 2455 273 148 340 456 580 193 18.2 5.16 89%
4 1582 176 248 571 619 320 107 156 3.78 94%
Table 23. Power dissipation for hood with 3 rows of baffles.
Run  Flow Pipe P. P. US Load Force DS  Exit Po_wer
Vel. Gage Head Energy Cell Vel Energy Diss.
No. (gpm) (ft/s) (psi) (ft) (f) (mV) (b) (ft/s) (f) (%)
5 3107 345 545 126 31.1 890 297 221 7.58 76%
6 2887 321 870 20.1 36.0 860 287 23.0 8.20 7%
7 2417 268 151 348 46.0 740 247 23.6 8.65 81%
8 1565 174 248 57.2 619 440 147 217 7.30 88%
Table 24. Power dissipation for hood with 2 rows of baffles.
Run  Flow Pipe P. P. US Load Force DS  Exit Po_wer
Vel. Gage Head Energy Cell Vel Energy Diss.
No. (gpm) (ft/s) (psi) (ft) (f) (mVv) (b) (ft/s) (f) (%)
9 3114 346 530 122 30.8 119 397 295 135 56%
10 2817 313 970 224 376 115 383 315 154 59%
11 2375 264 157 36.2 470 102 340 331 17.0 64%
12 1505 16.7 254 586 629 650 217 333 17.2 73%
Table 25. Power dissipation for hood with 1 row of baffles.
Run  Flow Pipe P. P. US Load Force DS  Exit Po_wer
Vel. Gage Head Energy Cell Vel Energy Diss.
No. (gpm) (ft/s) (psi) (ft) (f) (mV) (b) (ft/s) (f) (%)
13 3109 345 550 127 31.2 149 497 370 21.2 32%
14 2877 319 890 205 364 146 487 39.1 238 35%
15 2408 26.7 153 353 464 131 437 420 27.3 41%
16 1577 175 248 572 620 900 300 440 30.1 51%




Table 26. Power dissipation for hood with no baffles.
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Run  Flow Pipe P. P. US Load Force DS  Exit Po_wer
Vel. Gage Head Energy Cell Vel Energy Diss.
No. (gpm) (ft/s) (psi) (f) (f) (mV) (Ib) (ft's) (ft) (%)
17 3110 345 540 125 31.0 161 537 399 248 20%
18 2873 319 890 205 36.3 162 540 435 294 19%
19 2417 26.8 151 348 46.0 145 483 46.3 33.2 28%
20 1597 17.7 246 56.8 61.6 110 367 53.1 438 29%
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