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ABSTRACT

Limited studies were made under high heads to determine the
effectiveness of a sudden enlargement type energy dissipator used
downstream from an 8-inch gate valve. The enlarged section,

which started at the downstream flange of the valve, was 16 inches
in diameter (2, 0 D1) and 80 inches long (5.0 D2). The valve throttled
at heads up tc 600 feet. Discharges of 1.0, 3.0, and 5.0 cfs were
tested. A back pressure, or downstream depth of water, of only

1. 0 foot above the centerline of the 16-inch pipe was sufficient to
maintain the enlarged pipe full and obtain satisfactory energy dis-
sipation at all conditions tested. The water surface in the open

tank just downstream from the enlargement was rough when the
depth above the pipe centerline was small, but became much
smoother at depths of 5 and 6 feet. Cavitation ranged from moder-
ate to severe within the enlarged pipe. No erosion studies were
made. Admission of air at the extreme upstream end of the enlarge-
ment greatly reduced cavitation noise and vibration. The air mixed.
thoroughly with the water and rose in the pool without causing
disturbances in the pool. At 5.0 cfs an air vent located at the top
was found more effective than either gide or bottom vents.

DESCRIPTORS-~ hydraulics/ #*cavitation/ *energy dissipation/

*sudden enlargements/ vents{ vibration/ gate valves/ model tests/
hydraulic gates and valves/ tunnel hydraulics/ pipelines/ hydraulic
models/ hydrostatic pressures/ energy losses/ high pressures/
water pressures/ air demand/ noise/ noise control

IDENTIFIERS-- air admission/ back pressures/ cavitation control
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HYDRAULIC STUDIES OF A SUDDEN ENLARGEMENT
ENERGY DISSIPATOR USED DOWNSTREAM FROM A GATE VALVE

PURPOSE

Limited tests were made with a partly opened 8-inch gate valve at
heads up te 600 feet to determine back pressure requirements for
maintaining closed-conduit flow in a 2. 0-D enlargement down-
stream, and to determine effects of air admission and downsiream
pool depth.

CONCLUSIONS

1. In the test arrangement used, a depth of 1.0 foot above the
centerline of the 16-inch diameter downstream pipe was sufficient
to maintain the pipeline full at discharges of at least 1.0 cubic foot
per second {cfs) at a 600-~foot head, 3.0 cfs at a 500-foot head, and
5.0 cfs at a 380-foot head, (Figures 4, 5. and 6). These operating
points were the maximur "available with the pumpizig facilities.

2, The depth of water required to hold the 16-~inch pipeline full at
a given discharge was essentially independent of the head producing
the discharge.

3. Slightly more pool depth was needed to hold the p1pe full as
discharges increased.

4. Turbulent but reasonably good water surface conditions pre-
vailed for discharges from 1.0 through 5. 0 cfs when the pool depth
was 3. 0 feet above the pipe centerline.

5. Very good water gurface condltlons prevailed for flows up to
and including 5.0 cfs when the pool depth was 5.0 feet or more.

6. Cavitation ranged from slight to severe at the valve and in the
enlarged section.




7. Admission of air through one or more of the four vents in the
16-inch pipe, particularly during operation at large discharges,
greatly reduced cavitation noise and vibration. At a discharge of
5.0 cfs, the top air vent was the most effective, the bottom one was
leasgt effective, and the side ones were of intermediate effectiveness.
The air mixed thoroughly with the water and rose in the pool without
causing disturbances.

8. Cavitation erosion tendencies, if any, were not studied in the
enlarged pipe.

INTRODUCTION

The use of sudden enlargements downstream from regulating valves
discharging under high differential heads provides an economical
means of obtaining good energy dissipation and avoiding cavitation
damage downstream from the valves.l/ The general principles of
avoiding cavitation damage by using sudden enlargements have been
previously reported. 1/2/3/4/ Also, the energy dissipation achieved
by using enlargements has received considerable attention. 5/6/17/

In both fields, the performance of enlarged sections downstream
from throttling valves or orifices is'dramatic and effective.

The availability of the sudden enlargement type energy dissipator
designed for the 250 horsepower (hp) high head pump facility in

the Bureau's Hydraulic Laboratory made possible a limited number
of relatively large scale performance tests. An item of particular
importance in the study was the determination of depth of water

or back pressure needed to insure full-flow conditions in the enlarge-
ment section so as to effectively dissipate the high velocity jet
issuing from the control valve.

TEST FACILITY

The energy dissipation system consisted of an 8-inch, 250-pound,
round bottom gate valve followed by a 16-inch ID (2.0 D;) light-
weight pipeline 80 inches (5.0 Dg)long, and a back pressure tank
3 by 4 feet in cross section and 7 feet high (Figures 1 and 2). The
16-inch pipe entered the tank along the 4-foot side and was offget

- from the center due to space limitations in the laboratory. The

pipe centerline was 21. 88 inches (1. 37 D2) above the tank floor.

~ An uncontrolled cverflow weir with a minimum crest elevation of

62. 13 inches (3. 88 'Dy) above the pipe centerline was provided.
Stop logs could be placed above this crest for obtaining deeper

‘pools, but were not used in these tests. A 10-inch-diameter gate
:valve was provided near the bottom .of the tank to obtain water

T TNumbers refer 1o items in the Bibliography




surfaces lower than the weir crest ele ziion. A staff gage grad-
uated in feet and tenths of feet wag. i-stalled ingide the tank on the
wall that the 16-inch pipe entered. The zero of the scale wasg set
at the centerline elevation of ths 16-inch pipe.

Water was supplied to the -energy d1ss1pat1on system by a 7-stage
vertical turbine pump driven by a 250 hp direct-current, variable
‘speed motor, Rate of flow was measured by a permently instailed
8- by 4-inch venturi meter that had been calibrated in place.

Flow was conducted from the meter to the 8-inch throttling valve
by a 16-foot length of 8-inch standard pipe. Head on ihe valve
was measured in the 8~inch line at the meter., Downstream head
was measured at the staff gage in the back-pressure tank. Tests
were made with upstream heads up to 600 feet of water, and back
pressures of 0. 6 to 5. 8 feet of water.

Four 1/2-inch- d1ameter air vents were provided at the beginning
of the 16-inch diameter enlarged section{Figure 2B). A vent was
located at the top and bottom, and on each side of the pipe. Each
vent was controlled by a separate valve so air could be selectively
-admitted or shut off.

TESTS
The back pressures required to maintain the enlarged section full

of water, .and hence effectively dissipate energy, were determined
by setting the desired rate of flow and upstream pressure head by .

.. means of the variable gspeed pump and the control valve, and

._,,.,gradua.lly lowering the water surface in the back pressure tank.

7" _These tests were: made with no air-admitted to the system. The :

back pressure requirements were surprisingly low (Figure ‘3A).

At discharges below about 2.5 cfs the water: surface could be- level
with or slightly below the crown of the ‘enlargement with upstream
heads as high as:'500 to 600 feet. At discharges above 2.5 cfs,
slightly higher water surfaces were needed, At 5..0 cfs, because
of the limited outlet capacity of the 10-inch:low-level outlet, the
- lowest water surface elevation that could be obtained in the tank
* -was 1.3 feet above the conduit centerline. This depth definitely

. held the- ‘pipeline full, and it was estimated that a depth as low as

- 1.0 foot would also be adeguate. The appearance of the flow in

~-‘the tank for;discharges of 1.0,3.0, and'5.0 cfs is.shown in

Figures 4, 5, and:6.. At small depths the flow was very turbulent
with surges and boils. As the pool depth increased, smoother

. conditions: prevailed. ‘Slight:turbulence :was.still present at the

.~ater surface:for:5-.and 6-foot poot depths, .but ‘no.extremely
: ‘rrough cond1t1ons occurred at. a.ny depths- 'tested Air apparently




separated from the water passing through low pressure regions in
the system, and was visible in the tank (Figures 4, 5, and 6). Air
was not admitted through the vents in these tests.

Upstream-head had little effect on back pressure requirements.
For example, at 1.0 cfs flow, observations made at heads of 100,
200, 300, 400, 500, and 600 feet showed that a depth of 0.6 foot
above the conduit would hold the pipeline "full" and energy dissipa-
tion was satisfactory. Similarly, at 3.0 cfs, observations at heads
from 100 to 500 feet showed that a depth of 0.7 foot was adequate.
At 5.0 cfs, heads up to 38C feet showed that the minimum available
tailwater depth of 1.3 feet was more than adequate.

Cavitation at the 8-inch throttling valve and in the enlarged section
downstream was extremely light at a 100-foot head with the 1.0 cfs
flow and increased to sharply defined but moderate cavitation at

the 600-foot head. No air was admitted during any of the 1.0 efs
tests. As would be expecied., caviiation decreased as the back
pressure rose. The severity of the cavitation was evaluated by
ear and by feeling vibrations in the pipe wallg. At the 5.0 cfs
discharge with no air admission, cavitation was moderate at a
100-foot head. Admission of air through the four vents almost
completely quieted the noise and vibration. At a 380-foot head
with no air admission the cavitation was severe. The main collapse
zone, as judged by sound and pipe wall vibration, occurred between

Stations 0.5 Dg and 1.5 Dy downstream from the valve. Some
collapse appeared to occur as far as 3.0 Dy downstream. The
admission of air almost completely quieted the cavitation noise
and vibration. At the 5.0 c¢fs digcharge the top air vent was more
effective than the others, and produced almost as much quieting
as when all four were used. The bottom vent was least effective.
Measurements of the rates of airflow were not made.
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Figure 2
Report Hyd-535

i

A. Oversll view of high-head pump, B-inch pipeline, Venturi
meter, control valve, energy dissipator, and back pressure tank.

B. Energy dissipation system with 8-inch gate valve, 16-inch
diameter enlargement, 1/2-inch air inlet pipes, and back
pressure tank,

SUDDEN ENLARGEMENT ENERGY
DISSIPATOR STUDIES

Photographs of High Head Pump Facility and
Energy Absorber System
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‘ Figure 4
: Report Hyd-53%
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) C. Pool 5. 4 feet deep and passing over weir
1/12 sec.

Depths measured from G, of 16-inch pipe

SUDDEN ENLARGEMENT ENERGY DISSIFATOR STUDIES
Flow Conditions in Back Pressure Tank
Q=1.0cfs H; = 500 feet No Air Admission
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C. Pool depth 5. 6 feet and passing over weir
1/25 sec.
Depths measured from & of 16-inch pipe

SUDDEN ENLARGEMENT ENERGY DISSIPATOR STUDIES
Flow Conditions in Back Pregsure Tank
Q=3.0cfs H; = 500 feet No Air Admission

Figure 5
Report Hyd-535




Fipure 6
Report Hyd-535
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A. Pool depth 1. 3 feet (lowest obtainable due
to outlet restrictions) 1/12 sec.
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C. Pool depth 5. 8 feet and passing over weir
1/25 gec,
Depths measured from @ of 16-inch pipe

It SUCDEN ENLARGEMENT ENERGY DISSIPATOR STUDIES
Flow Conditions In Back Pressure Tank i
1 Q=5.0cfs Hj; = 380 feet  No Air Admissgion -




ABSTRACT

lelted studies were made under high heads to determine the
effectiveness of a sudden enlargement type energy dissipator used
downstream from an 8-inch gate valve. The enlarged section,

- which started at the downstream flange of the valve, was 16 inches
in d1ameter (2.0 D7) and 80 inches long (5.0 D2). The valve throttled
at heads up to 600 feet. Discharges of 1.0, 3.0, and 5.0 cfs were
iested, . A back pressure, or downstream depth of water, of only

. 1,0 foot above the centerline of the 16-inch pipe was sufficient to
maintain the enlarged pipe full and obtain satisfactory energy dis-
sipation at all conditions tested. The water surface in the open
tank just downstream from the enlargement was rough when the
depth above the pipe centerline was small, but became much
smoother at depths of 5 and 6 feet, Cavitation ranged from moder-

" ate to Bevere within the enlarged pipe. No erosion studies were
made, Admission of air at the extreme upstream end of the enlarge-
-ment greatly reduced cavitation noise and vibration. The air mixed

- thoroughly with the water and rose in the pool without causing
disturbances in the pool,.-At 5.0 cfs an air vent located at the top
was found more effective than either aide or bottom vents,

ABSTRACT

Limited studies were made under high heads to determine the
effectiveness of & sudden enlargement type energy digsipator used
downstream from an B-inch gate valve. The enlarged section,
which started at the downstream flange of the valve, was 16 inches
in diameter (2. 0 D1) and 80 inches long (5. 0 D2). The valve throttled
at heads up to 600 feet, Discharges of 1.0, 3.0, and 5.0 cfs were
tested. A back pressure, or downstream depth of water, of only
1.0 foot above the centerline of the 16-inch pipe was sufficient to
maintain the enlarged pipe full and obtain satisfactory energy dis-
sipation at all conditions tested. The water purface in the open
‘tank just downstream from the enlargement was rough when the
depth _above the pipe centerline was small, but became much’
smoother at depths of 5 and 6 feet, Cavitation ranged from moder-
ate to severe within the enlarged pipe. No erosion studies were
‘nade. Admission of air at the extreme upgtream end of the enlarge-
meint greatly reduced cavitation noise and vibration. The air mixed
thoroughly with the water and rose in the pool without causing
disturbanceés in the nool. At 5,0 cfs an air vent located at the top
- wag found more effective than either side or bottom venta,

ABSTRACT

Limited studies were made under high heads to determine the
effectiveness of a sudden enlargement type energy dissipator used
downstream from an 8-inch gate valve. The enlarged section,

which started at the downstream flange of the valve, was 18 inches

in diameter (2,0 Dj) and B0 inches long (5.0 D3}, The valve throttled
at beads up to 600 feet. Dimcharges of 1.0, 3.0, and 5.0 cfs were
tested. A back pressure, or downatream depth of water, of only

1,0 foot above the centerline of the 16-inch plpe wasg aufficient to
maintain the enlarged pipe full and cbtain satisfactory energy dis-
sipation at all conditions tested. The water surface in the open

tank just downstream from the enlargpement wae rough when the
depth above the pipe centerline was small, but became much'
amoother at depths of 5 and 6 feet. Cavitation ranged from mocder-
ate to severe within the enlarged pipe. No erosion studies were
made, Admission of air at the extreme upstream end of the enlarge-
ment greatly reduced cavitation nolge and vibration, The air mixed
thoroughly with the water and rose in the pool without causing
disturbances in the pool. At 5.0 cfs an air vent located at the top
wag found more effective than, either side or bottom vents.

ABSTRACT

Limited sludies were made under high heads to determine the
effectiveness of a audden enlargement type energy dissipator uged
downstream from an B-inch gate valve. The enlarged section,

which started at the downstream flange of the valve, was 16 inches

in diameter (2,0 D1) and 80 inches long (5.0 D2}, The valve throttled
at heads up to 600 feet. Discharges of 1.0, 3.0, and §,0 cfs were
tested. A back pressure, or downgtream depth of water, of only

1.0 foot above the centerline of the 16-inch pipe was sufficient to
maintain the enlarged pipe full and obtain satisfactory energy dis-
sipation at all conditions teasted, The water surface in the open

tank just downstream from the enlargement was rough when the
depth above the pipe centerline wag small, but became much’
smoother at depths of 5 and 6 feet. Cavitation ranged from moder-
ate to severe within the enlarged pipe. No erosion studies were
made. Admission of air at the extreme upstream end of the enlarge-
ment greatly reduced cavitation noise and vibration, The air mixed
thoroughly with the water and rose in the pool without causing
disturbances in the pool. At 5,0 cfs an alr vent located at the top

_was found more effective than either gide or bottom vents.




Simmons, W. P. .

HYDRAULIC STUDIES OF A SUDDEN ENLARGEMENT ENERGY
DISSIPATOR USED DOWNSTREAM FROM A GATE VALVE
Laboratory Report--Bureau of Reclamation, Denver, 5 pp.,

6 figures;. 7 references, 1964

' DESCRIPTORS-- hydraulics/ *cavitation/ *energy disstpation/
*gudden enlargementa/ vents/ vibration/ gate valves/ model tests/

s hydraulic gates and valves/ tumnel hydraulics/ pipelines/ hydraulic
'“models/ hydrostatic pressures/ ene.gy losses/ high presgures/
... water pressures/ air demand/ noise/ noise control

- IDENTIFIERS-- air admission/ back pressures/ cavitation control |

© Hyd-535"

" Simmoha; W. P. :

HYDRAULIC STUDIES OF A SUDDEN ENLARGEMENT ENERGY
DISSIPATOR USED DOWNSTREAM FROM A GATE VALVE
Laboratory Report--Bureaun of Reclamation, Denver, 5 pp.,
-8 figures, 7 references, 1964

DESCRIPTORS-- hydraulics/ *cavitation/ *energy digaipation/
* *gudden enlargements/ vents/ vibration/ gate valves/ model teats/
bydraulic gates and valves/ tunnel hydraulics/ pipelines/ hydraulic
- -inodela/ hydrostatic pressures/ energy loages/ high pressuren/
_ water pressures/ air demand/ noiselgjr’)oise control

" IDENTIFIERS-- air admisston/ back preasures/ cavitation control

Hyd-535—

Simmons, W, P, '

HYDRAULIC STUDIES OF A SUDDEN ENLARGEMENT ENERGY
DISSIFPATOR USED DOWNSTREAM FROM A GATE VALVE
Laboratory Report--Bureau of Reclamation, Denver, 5 pp.,

6 figures, 7 referencea, 1564

DESCRIPTORS-- hydraulica/ *cavitation/ *energy dissipat{on/
*gudden enlargementa/ vents/ vibration/ gate valves/ model teata/
hydraulic gates and valves/ tunnel hydraulice/ pipelines/ hydraulic
modela/ hydrostatic preasures/ energy losaealp high pressures/
water pressures/ air demand/ noise/ noise control

IDENTIFIERS- - air admisaion/ back pressures/ cavitation control:

Hyd-535

Simmons, W, P,

HYDRAULIC STUDIES OF A SUDDEN ENLARGEMENT ENERGY
DISSIPATOR USED DOWNSTREAM FROM A GATE VALVE
Laboratory Report--Bureau of Reclamation, Denver, 5 pp.,

8 figures. 7 references, 1964

DESCRIP yORS-- hydraulics/ *cavitation/ *energy dissipation/
*gydden enlargements/ vents/ vibration/ gate valves/ model testa/
hydraulic gates and valves/ tunnel hydraulics/ pipelines/ hydraulic
models/ hydrostatic pressures/ energy losses/ high pressurea/
water presgurea/ air demand/ noise/ noise control

IDENTIFIERS-~ aitr admigaion/ back pi-easureal cavitation control




Multiply
Inches
Feot
hiles

Sqrare inches
Square feet
Acren

Square miles

Cublc feet
Gnllnna {11, S.)

Cuble yarda
Acre feet

Poutida {avdp)
Tens (2, 000 pounds)

Feet per second per sccond

Poundis per aquare inch
Pounds per squore oot
Feet of water column (ot 20° C}

Pounds per cuble foot

Fect per cecond
Inchap par hour
Feet per year

Cublec feet ner second

Cubic feet per minute
Gpllang per minutn

Horgepower (British)
(Defined 550 ft 1b/aec)

Cubic fect por aquore foot per day

Dynamic Vipeosily
{Pound second par square fost)

Kinomxtic Viscoalty
{Squore fect per second)

Poundo per foot

Feot per degree F

HYDRAULIC CONVERSION TABLE
Britich to Metrle Units
By
LENGTH
25, 3 {exnctly)
30. 48 {exactly)
1. 600344 (cxactly)
AREA
6. 4516 {exactly)
0.002503 { exactly)
0,0040469
2.58990
VOLUME
0.0203168
20,3168
3.7a8543
U, (U4
1233.5
MASS

D. 45359.37 {oznctly)
007.105

ACCELERATION
0.3048
FORCE/UNIT AREA

0.070307
4.08243
2.246

0. D3usL

MASS ] VOLUME (DENSITY)

16,0185
0.0160185

VELOCITY
30. 48 ( exactly)
2.540 (exactly)
0. 3048 {exactly)
FLOW
0, 028317
28.317
0.4719
0.06300
3.7064
POWER
745.700
1.014
SEEPAGE
304.8

VISCOSITY
4,8824

0. 002003 {exactly)
SURFACE TENSION

1, 4882
GAS CONSTANT
0, 54C6

To obtain

Milliineters
Centimetests
Kilometers

Square centimeters
Square meters
Square kilometers
Square kilometers

Cuble meotern
Litera
Lilera
L;H-H&\.' dadte S had bl

Cubic metorn

Kilograms
Kilograms

Meters per pecond her gecond

Kilograms per nquare centimeter
Kilograme per squore metsr
Centimeters of mercury column
Kilograms per square centimeter

Kilograms per auble meter
Grama per cuble cemtimeter

Centimneters pes gecond
Centimeters per hour
Metera per year

Cuble meters per necond
Liicrs per necond
Liters per pecond
Litcrs per socond
Liters per minute

Watts
Horuoepower (Metric)
(Defined 75 kg~m/foec)

Liters per squidre meter per day

Kilogram second per oguare meter

Square metors per second

Kilograma per meter

Meters per dogree Celglua®

¥For all practical purposes, the Celsiun and Centigrade scales are synonymousn.
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