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In early designs 21 canal systems using broken-back tran-

sitions as outlets from pipelines to canals, a loss value of

(V2 - V2
0.)

	

2g C) was frequently used. In this expression VP is

flow velocity in the pipeline and V0 is velocity in the canal.

	

I

This 0.3 loss factor was derived intuitively and is apparently not

supported by direct experimental data. A similarly derived loss of

0.1 Ah (difference in velocity head in pipeline and canal) was

used when the transitions served as inlets from canals to pipelines.

In recent years there has been concern about the actual

loss factors being greater than 0.3 and 0.1. If the losses were

appreciably greater, the structures could be restrictions in dis-

tribution systems where head is limited and reduce the carrying

capacity to less than the design values.

This would have serious effect upon operation of the

irrigation system when the lands were fully developed. Therefore,

it was important to determine the actual losses and to make any

necessary changes in the design values. Such tests were made in

the Denver laboratories of the Bureau of Reclamation, and the inves-

tigation was later extended to studies of other designs to obtain

equal or better performance with lower losses.

The amount of scour or erosion produced in the canal

immediately downstream from transitions was important due to main-

tenance cost and/or the need for riprap or other armor protection

in the canal. The effect on canal bank erosion of changes in the

upward slope of the transition invert, in the entering pipeline,
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and in the rate of divergence of the transition sidewalls were not

known. Evaluation of these variables was necessary before design

decisions could be made as to optimum outlet shape and canal bank

protection requirements.

The many different operating conditions and design nDdi-

fications involved in the testing program dictated that the studies

be conducted in a laboratory where such changes could be made easily

and quickly. To fill this need, studies were inaugurated and are

continuing on an intermittent basis in the Bureau's laboratories.

This paper discusses the equipment and procedures used in the tests

and the results obtained to date.

Water Model

Most of the studies were made using a canal section sup-.

ported about 5 feet above the laboratory floor (Figures lB and 2).

The canal was formed of loose plastering sand that eroded easily and

showed scour effects within a short time. Canal invert widths of

12 and 18 inches were used, and the canal sides were on 1-1/2:1

slopes. The canal invert was level in the direction of flow. A

template that rode on the top rails of the box was used as a guide

for reshaping the canal bed between runs, assuring that a constant

starting geometry would be obtained in the canal.

TESF EQUIRVIENT

At first the transitions were tested only as outlet struc-

tures with the flow passing from the pipeline, through the transition,
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and into the canal. The l2-inch-.dianeter pipe that supplied water

to the transition was placed level in part of the tests, and on a

2:1 upsiope to the transition for other tests. The depth of flow

in the canal was regulated by an adjustable tailgate at the down-

stream end of the nde1.

In later studies the transitions were studied both as

inlets and outlets. The piping was ndified so that in addition to

the flow described above, water could be introduced into the canal

from the tailgate end of the box to produce inlet flows into the

transition and pipeline (Figure 2).

When a transition was used as an outlet, the pressure head

in the 12-inch-diameter pipeline was measured at a station 1 foot

(one-conduit diameter) upstream from the transition. W1:ien the tran-

sition was used as an inlet, the pipeline head was measured at a

station 15 feet (15D) downstream from the junction of the transition

with the pipeline. The pressures were obtained by two piezometers,

one on each side of the pipe. The pressure leads were connected to

1-1/2-inch-diameter stilling wells, and point gage measurements were

made of the free water surfaces within the wells. The water surface

elevations in the canal were measured by point gages 15 feet down-

stream from the junction of the transition with the canal for outlet

flows, and 4 feet upstream from this junction for inlet flows.

Air

	

el

Studies of closed-conduit expanding outlet transitions

were also made with a test facility using air as the flowing fluid
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(Figure 3). Air was drawn frcn the atmosphere through a 12-inch-

diameter pipe into the centrifugal blower. It then passed through

a l0.l-inch-diameter pipeline into the expanding transition being

tested, and back into the atmosphere. The l0.])--inch-diameter pipe-

line was 63 inches long (6.2D) for most of the tests, and was

lengthened to 207 inches (20.li-D) for the remaining tests. A piezo-

meter located -l/2 inches frcmi the outlet was used with the 6.2D

pipe, and two diametrically opposed wall taps located 1 diameter

from the outlet were used with the 20.D pipe.

flWES'IGATI0N

A ntmiber of open, broken-back transitions were tested to

determine the effect of upward slope of the invert, rate of sidewall

divergence, degree of submergence over the outlet pipe crown, and

slope of the incoming pipeline on energy losses and scour in the canal

channel (Figures -l- through 13). In addition, the effect of placing

hua]rps on the transition invert to aid in spreading the flow, and the

effects of other modifications such as changing the sidewalls to mod -

ified warped walls were tested. For convenience these designs,

operating conditions, and test results are briefly sunmiarized in

Table 1. Loss factors for all the broken-back transitions, including

the ones modified with warped surfaces, were about 0.5 to 0.7 Ah

for outlet flows. The tern Ah equals the velocity head in the

pipeline 1 diameter upstream frcmi the transition, minus the velocity

head in the canal 15 feet downstream fri the transition.
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The flow patterns through all the open transitions were

generally similar. If the inlet pipe entered the transition hori-

zontally, the stream issuing from it tended to niwe straight through

the transition into the canal, and large eddies liDved upstream well

up into the transition along either side of the jet (Figure 5A).

Scour on the canal bottom and on the side slopes was appreciable in

the loose sand and a sandbar was built up across the canal 6 to

12 feet downstream from the canal entrance (Figure SB).

If the inlet pipeline was sloped, the issuing stream rose

in the transition to the water surface to cause higher surface veloc-

ities and waves that scoured the canal slopes (Figure 6A). Flow was

nearly staguant at the bottom of the transition and, in sor cases,

sand was deposited in the transition. A wide sandbar built up

several feet downstream from the canal entrance (Figure 613).

Changes in the slope of the transition invert from a mini-

mum of 1:13.1 to a nximum of 1:5.5 had no apparent effect on the

losses encountered or on the scour produced (Table 1 and Figures 5

through 13). Likewise, changes in divergence angles of the outer

walls of the transitions from the minimum of 16° per side to a xi-

mum of 300 per side had no appreciable effect, although limited data

show a slightly lower loss for a 25° angle. Even altering the outer

walls by constructing warped surfaces within the confines of the

broken-back walls was not significantly effective.

Different subnrgences above the crown of the pipe at its

juncture with the transition showed little effect in early tests.
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More detailed investigations with the 200, 25°, and 300 broken-back

transitions showed lowest losses with small subnrgences, and pro-

gressively higher losses with subnrgences exceeding about 0.1 pipe

dianter (Figure 33A).

Several "humps" were placed on the transition invert a

short distance downstream from the pipe exit to help spread the flow

and obtain simother conditions with nre uniform velocities at the

canal entrance (Figures 4, Sc). Improvennts in flow conditions and

reductions in scour occurred, but the losses were either unaffected

or increased. The usefulness of humps in these transitions appeared

to be restricted to reducing scour in the canal.

A qualitative nasurement of riprap needed for controlling

scour in the canal was obtained by placing a 4-inch-thick 1ajer of

1-1/2-inch gravel in the first 6 feet of the de1 canal. Tests

were made with the 1:8 slope, 6-inch rise transition with warped

walls and a horizontal inlet pipeline (Figure 13). A flow velocity

of 3 feet per second in the pipeline failed to rve any gravel or

any appreciable anmt of sand in the bed downstream. A velocity of

4 feet per second also failed to ive the rock and nved only a very

small anunt of sand. At a 6-foot-per-second pipeline flow veloc-

ity, the rock remained stable but considerable erosion occurred in

the sand farther downstream (Figure l3C). It was apparent that this

1-1/2-inch rock was capable of protecting the ndel canal from
*

scouring tendencies. By geontric scaling this rock is equivalent

to 0.125 tines the pipe dianter. No tests were made with other
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sized rocks, but information on required prototype riprap sizes is

available from other sources

Not ice able reductions in he ad loss, improvennt s in flo*

distribution, and reduction in scour were achieved when closed-

conduit expanding sections were used in conjunction with the open

transitions. A short subirged shelf projecting downstream from the

transition headwall just above the pipeline crown in a 1:8 sloping

transition cut the loss factor fzm about 0.6 to less than 0.5

(Table 1). A longer hood that created a 4D-long closed-conduit

within a 1:8 transitIon and had a nximnn divergence rate of 8-1/2°

per side reduced the loss factor to 0.21 (Figure 'X). A short

closed-conduit transition from the 12-inch circular pipe to a

12-inch square section, inserted in the pipeline just ahead of the

rectangular 1:8 broken-back transition, reduced the 0.6 loss factor

to less than 0.4. It was apparent that the best opportunities for

Improving transition perfornce lay in closed-conduit, gradually

expanding sections.

Closed-conduit Transitions--Air Ivbdel Tests

To determine the performance of a series of expanding

closed-conduit transitions, air nodel tests were nde (Figures 3

and 4). The shapes of the transitions were selected after consid-

ering design problems involved in coupling them with open-type, but

shortened, transitions. To avoid excavations deeper than for present

/"sti11ing Basin Erfornnce Studies as an Aid in Determining
Riprap Sizes," TJSBR Hydraulic Laboratory Report No. HYD-409, by
A. J. }terka, February 23, 1956.
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structures, no downward divergence relative to the centerline was

used. Similarly, to avoid lowering the structure to maintain sub-

urgence over the crown of the conduit, no upward divergence rela-

tive to the centerline was used. Thus, the height of the transition

at the outlet was the sane as at the inlet and equal to the diater
0

of the pipeline. All divergence in the closed-conduit transitions

occurred through divergence of the sidewalls and through the

change in section from circular inlets to square or rectangular

outlets.

Each transition was first tested on the 6 .2-diaiter-long

approach pipe, and velocity traverses were taken horizontafly and

vertically at the inlet and outlet (Figure 15). There was a slight

distortion in the inlet velocity profile with the round-to-square

transition, and the distortion becan progressively greater as tran-

sition expansion increased. The outlet profiles showed that the

flow expanded well and followed the diverging walls in the 0°,

2-1/2°, and 5° transitions and to a lesser extent in the 7_l/20

transition. The 100 diverging section was too abrupt, and flow

broke away from the right side and the upper and lower right corners

so that reverse flow occurred.

It was believed that the sonwhat distorted velocity dis-

tribution at the transition inlets had appreciable effect upon the

ability of the flow to follow the expanding boundaries. A 12-foot
0

extension was added to the approach pipe to produce a section

20,4 diaiters long and obtain a ire fully developed and uniform
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distribution. Tests with the 00 divergence transition showed nearly

symnEtrical velocity distributions at both the inlet and outlet

(Figure 16A). However, tests with the 10° transition showed notice-

able velocity distortion in the horizontal traverse at the inlet,

apparently due to the severe separation along the right side of the

outlet. This separation was greater than the separation that

occurred with the short approach pipe. It was concluded that

regardless of the uniformity of approach conditions, the 100 transi-

tion was too abrupt to control the discharging flow.

Pressures were subatnspheric at the approach pipe wail

taps just upstream from the transitions. This was expected and is

due to recovery of head wherein velocity head of the entering stream

is converted into pressure head as the flow expands and slows. The

pressure level into which the transitions discharge is atimspheric,

and hence the pressures in the approach conduit and upstream parts

of the transitions where the flow is fast will be less than atnx)s.-

pheric. The extent of the subatnspheric pressure level is a direct

xasure of the anunt of head recovery or effectiveness of the

expanding transition. The pressure head at the inlet, divided by

the inlet velocity head, produced dinnsion1ess paraters which

were plotted against degrees of sidewall divergence (Figure 17A).

The greatest head recovery occurred in a transition with a diver-

gence of 70 to 8° and was 55 percent of the inlet velocity head.

The loss in total head from the transition inlet to the

atnsphere, divided by inlet velocity head, was similarly plotted
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against sidewall divergence (Figure 173). This loss factor, K, was

lowest for a divergence of 7.5° to ° and was 44 percent of the inlet

velocity head. The pressures on the transition walls were negative

with respect to the outlet head (atnospheric) in all cases except

near the outlet of the 0° transition (Figure la). The pressures at

a given station became generally nre negative as the rate of tran-

sition divergence increased, until the 10° transition was approached

and the trend reversed. Flow separation occurred in this transition,

and the effectiveness and efficiency dropped below that of the 7-1/2°

transition. In all cases, the lowest pressures were obtained on the

transition element leading from a 45° point on the circular inlet

to an outlet conier. These elements diverge nore rapidly than any

others in the transitions.

For comparative purposes, plots of cross-sectional areas

versus distance along the transition are presented for the transi-

tions tested and for conic transitions (Figure 19).

Loss coefficients, K, for conic expanding transitions of

2-1/2° and 7-1/2° relative to the centerline, and discharging

directly into the atnrsphere, were found in previous tests to be

0.273 and 0.499,respectively, based on the inlet velocity heads ./

These values show a trend of greater loss with greater divergence to

7-1/2°, instead of the decreasing loss shown by the round-to-

rectangular transitions. This difference is explained by a comparison

/"Hydrau1ic Model Studies of the San Jacinto-San Vicente Turnout
and Metering Structure, San Diego Acjueduct Project, Califoria,t
USBR Hydraulic Laboratory Report No, HYD-365 by W. P. Simnns,
January 1953.
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of the area curves (Figure 19) that show that conic sections enlarge

much xre rapidly than the round-to-rectangular transitions of the

present study, and indicates that considerable separation, and

hence loss, occurred in the 7-1/2° cone. This separation was found

to exist in the turnout structure conic transition.

Combination Closed-conduit and Open-channel Transitions

The relatively high efficiency of the closed-conduit

expanding transitions was partially exploited by placing 2D-long,

round-to-rectangular transitions between the end of the circular

pipeline and a shortened and nodified broken-back transition

(Figure 20). The height of the closed transition was kept the same

as the diameter of the pipe and the sides diverged 7-1/2° relative

to the centerline. The length was 2D and the outlet measured

12 inches high by 18-3/8 inches wide with an area 2.8 times greater

than at the inlet. A 5.50-long, upwardly sloping open-channel tran -

sition adapted the rectangular section to the trapezoidal section of

the canal.

The loss coefficient for outlet flows was about 0.4 with

the inlet pipe horizontal, and about 0.2 with it rising on a 2:1

slope (Table 1). With the pipe horizontal, waves were smaller and

less powerful than in previous transitions, but scour remained

appreciable (Figure 21). This was apparently due to flow from the.

closed pipeline continuing straight through the open transition

along the floor without appreciable spreading or slowing. Large

back eddies were present at the sides in the open transition.
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Several humps were placed on the floor to ttliftt this flow stream

and help spread it. Scour was decreased when a 6-3/8-inch-high

wedge-shaped hump was used, but remained almost unchanged with a

3-3/8-inch one (Figures 20 and 22). Better flow conditions occurred

when the inlet pipe was placed on a 2:1 upsiope (Figure 23). Wave

action persisted, but flow was distributed more uniformly across

the section upon reaching the canal. Considerable flow was present

along the broken-back transition invert, although the greater part

of the flow was near the surface. The scour was moderate and the

energy loss coefficient decreased to 0.21.

Additional tests were made with an open transition having

a horizontal invert (Figures2oB and 24). The subuergence over the

crown of the closed-conduit outlet for a 15-inch (l.3D) flow depth

in the canal was 0 .3D, as compared with 1 .3D for the sloped, open

transition. The tests were made with a 2:1 sloping pipeline. The

water surface was soriwhat choppy and waves carried into the canal

to produce moderate bank erosion. The flow moving downstream

extended completely across the water prism at the canal entrance,

and from the water surface downward to 4 or 5 inches above the canal

invert. The lowest layers of water were not in significant motion

and bottom scour was not apparent. The loss coefficient decreased

to 0.15, possibly due to the greatly decreased suburgence at the

outlet of the closed conduit.
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closed-conduit Transit ions---Hytlraulic Tests

The losses of the combined closed-conduit and open-channel

transitions-were significantly lower than for the usual open ones,

and scouring was reduced. Consequently, longer round-to-rectangular

closed-conduit transitions that terminated in a headwall normal to

the canal were studied (Figure 25). The water discharged directly

through the headwall into the canal section for outlet flow tests,

and through the headwall into the transition for inlet flow tests.

No further transit ioning was used. The closed-conduit transitions

exploited the fact that nore orderly and complete expansion, and

hence slowing of the flow, can be obtained in closed conduits than

can be obtained in the usual open-type transitions. Ideally, based

on the areas of the inlet and outlet, a two-thirds velocity reduc-

tion can be achieved and about 90 percent of the velocity head can

be recovered in a closed-conduit transition 6 diameters long and

with a noderate rate of divergence.

12- by 28-inch Transition. A closed-conduit transition

with a 12-inch-diameter inlet, a 12-inch-high by 28-inch-wide

rectangular outlet, and•a length of 72 inches (6D) was constructed

and tested (Figures 2 and 25A). The transition sloped upward

4 inches and the top of the exit was level with or slightly

beneath the normal canal water surface. The transition terminated

in a vertical headwall placed normal to the canal and the 12-inch-

diameter inlet pipeline was placed horizontal.
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Relatively good flow conditions occurred near the head-

wall and in the canal. Conditions were similar to those shom

in Figure 28. The least desirable conditions were present at a

15-inch flow depth (1.251)) where significant return eddies

occurred along the banks at the water surface near the headwall.

These eddies eroded the canal bank slopes noticeably (Figures 26B

and 260). At a 12-inch depth (1.001)) these eddies were small

enough to be of little consequence and erosion was minor (Figure 26A).

At a 10-inch depth (0.821)) the eddies were not significant, but

flow velocities along the canal banks and invert were higher than

desired and erosion increased. The scours at the 0.83, 1.00, and

1.251) depths compared favorably with those of the open, and the

combination open-closed transitions.

Loss coefficients for the 12- by 28-inch transition,

when used as an outlet, were quite low and equal to 0.11, 0.09,

and 0.11 for canal depths of 0.83, 1.00, and 1.251), respectively

(Table 1 and Figures 27E and 33). Loss coefficients when the

transition was used for inlet service were 0.34, 0.37, and 0.40,

respectively. It was apparent that very low energy losses were

obtained for outlet service, and that no penalty was incurred in

erosion in the canal, or in losses for inlet service.

Detailed studies of the flow conditions were made by

velocity traverses across the inlet pipeline and the outlet portal

(Figure 27). The nasurennts showed undesirable flow separation

along the left side and the corners of the transitions when it
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was used in outlet service. This indicated excessive divergence

of the flow passage and a design unnecessarily expensive due to

greater than required width.

12- by 24-inch Transition • A 61)-long transition with

a l2-inch-diaiiter inlet arid a lesser divergence rate to a rec-

tangular outlet 12 inches high by 24 inches wide was constructed

(Figure 25B). When used as an outlet It produced flow in the

canal generally similar to that obtained with the previous closed

transition (Figure 28). Scour in the canal was relatively small

at all flow velocities and water depths and comparable with the

best of the other designs (Figures 29 and 30). The loss coef-

ficients decreased to 0.09, 0.07, and 0.11 for the 0.83, 1.00,

and 1.251) flow depths (Figures 31 and 33). The reduced scour and

lower losses attested to the excellent performance of the transi-

tion in expanding the flow, and velocity nasurements at the out-

let confirnd the conclusion (Figure 31).

The transition perfornd quite satisfactorily when used

as an inlet. Good flow distribution was present in the pipeline,

and loss coefficients of 0.35 were determined for canal depths

of 1.00 and 1.251) (Figures 31 and 33C). These losses compared

very favorably with those of all other designs.

It was recognized that field installations might require

transitions so large that the flat tops near the headwall would

pose structural problems. This would be less complicated if the

span were cut in half by using a center supporting wall or pier.
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To determine the effects of such a pier on the flow and losses,

tests were nde with an 18-inch-long pier in the transition

(Figures 25B, 32, and 33). The pier was 0.2D thick and had a

rounded upstream end and a blunt face at the downstream end. Its

presence increased the outlet loss coefficients to 0.10, 0.12,

and 0.17, and the inlet loss coefficients to 0.39 and 0.40. A

part of this increased loss is undoubtedly due to the imre dis-

torted velocity distribution that occurred in the tests with the

pier present (Figure 32). When this increased distortion was

first noted the pier was suspected of being out of alinennt. A

check of the alinenEnt showed it to be satisfactory.

&jare Inlet on 12- by 24-inch Transition. Considera-

tion of the cost of forms to make round-to-rectangular transi-

tions led to questioning whether or not simpler square-to-

rectangular designs would perform satisfactorily. Therefore, a

6D-long transition with a 12-inch-square inlet instead of a round

one, and a 12- by 24-inch rectangular outlet was tested (Figure 25C).

The loss coefficients for outlet flows were 0.20, 0.20, and 0.23

for depths of 0. 83D, 1 .OOD, and 1. 25D • These values represent

about a 100 percent increase over those obtained with the circu-

lar entrance design. For inlet-type flows, the loss coefficients

were 0.50, 0.50, and 0.51 (Figure 33C). These values are about

25 percent higher than for the circular inlet transition.

In terms of actual head loss in a prototype structure

at flow velocities of 8 feet per second, the outlet losses for
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the square-to-rectangular transition are about 0.10 feet of

water more than for the round-to-rectangular design. In many

instances this small additional loss may be insignificant, and

the lesser construction cost of the square-to-rectangular tran-

sition will dictate its use.

CONCLUSIONS

1. The energy losses for conventional, broken-back, open-

channel transitions discharging from pipes into sm11 canals is 0.6

to 0.7 times the difference in velocity heads in the pipe and in

the canal (Table 1 and Figure 3). This velocity head difference,
V2 V

-

	

, is termed
'g

	

c
2. Reasonable changes in angle of divergence of the side-

walls, and/or of the slope of the invert of the open transitions,

or of the attitude of the inlet pipeline, had little effect upon

energy losses (Figure 4 and Table 1).

3. Outlet losses were reduced to O. Lh and less,

when short, closed conduit, expanding transitions were placed between

the pipeline and modified, broken-back transitions (Figures 20 and.

35).

14• Outlet losses were reduced to 0.1

	

with 6D-long,

closed-conduit transitions having circular inlets and rectangular

outlets, and which discharged directly into the canal through a

vertical headwal' placed normal to the canal axis (Figures 3A and.

35).
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5. The addition of a dividing pier to decrease the

structural span of the roof near the outlet of the round-to-

rectangular transItion increased the losses to about 0.13

6. Changing the 6D-long transition to provide a square

Instead of the nxre difficult to form circular inlet increased the

outlet losses to 0.20

	

and the inlet losses to 0.50 ih.

7. Outlet losses of existing broken-back transitions

can be materially reduced by installing properly designed hoods

within the structures to form controlled, closed-conduit expanding

sections (Figure 7C and Table 1).

8. Losses for inlet flows were about 0.4 to 0.5

for aU transitions tested (Table 1).

9. Scour or erosion in the loose sand of the canal bed

was extensive with conventional, broken-back transitions (Figures 5

through 13).

10. Selected huns or flow spreaders on the inverts

within open transitions significantly reduced scour (Figures 5

through 13). The humps tested created a slight increase in head

loss.

U. Scour was not appreciably affected by changes in the

sidewall ilvergence or invert slopes of the open transitions.

12. Scour with the combination closed-conduit and open-

channel transitions was less than for the conventional transitions

(Figures 21 through 24).
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13. Scour was reduced, in nst cases, when the pipeline

to the transition was on a 2:1 slope instead of horizontal.

14. Scour with the 6D-long, closed-conduit transitions

was about the san as with the combination transitions, and less

than for the conventional transitions (Figures 26, 29, and 30).

15. In general, scour was nominal with flow velocities

of 4 f pa in the l2-ixich-diaiter pipe, and severe with velocities

of 6 fps. By scaling to larger structure sizes, according to

Froude laws, these velocities are equivalent to 5.7 and 8.5 fps for

24-inch pipe, and 8 and 12 fps for 48-inch pipe.

16. A 4-inch-thick layer of 1-1/2-inch gravel extending

4 feet downstream from the transition of the 12-inch test installa-

tion provided excellent scour protection at the transition outlet

(Figure 13). Erosion occurred be3iond this blanket when the veloc-

ities were high and/or if waves were appreciable.

17. The optimum divergence of the sides of short, circular-

to-rectangular, constant height, closed-conduit transitions is 7-1/2°

relative to the centerline (Figures 14, 15, 18, and 19). For longer

transitions the divergence should be decreased to about 5° per side.

18. For both inlet and outlet flows subnrgences up to

0 .25D over the crown of the pipeline at its junction with the head-

wail had only uderate effects upon head losses in the broken-back-

and the 6D-long closed-conduit transitions (Figure 33). Higher

subnrgences tested in the broken-back transitions further increased

20



the losses. Negative subnrgences down to -O.l7D, which is tanta-

nount to not having the transition full at the headwall, indicated

only minor head loss increases for outlet flows.
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SUBMERGENCE FLOW CANAL CLOSED TRANSITION INLET LOSS OUTLET LOSS
DESCRIPTION RISE OF OUTLET

CROWN
DEPTH

IN CANAL
INVERT
WIDTH

CONDUIT
SECTION 1LENS H PIPE LINE FACTOR

1'
FACTOR

If
SCOUR

Broken-Bock, I 8 upward

	

slope toaD I 300 I 302 1.000 - 8.000 HORIZONTAL - 0,66 EXTENSiVE
Same trons,,with long hood to confine flow YES U 0 DI EXTENSIVE

*Modified Warp, 1:8 upward slope U - ' 067 EXTENSIVE
Broken-Bock,

	

.8 upward slope U - 2:1 SLOPE - 066 MODERATE
Broken -Bock, i 8 upward slope 0.500 0800 I 300 I 000 - 4.000 HORIZONTAL - 0.66 EXTENSIVE
Same trans ,pyramid hump on floor U - U

- 0.76 MOXERATE
*f,lodified Warp, I A upward slope U U U - U U

- 056 EXTENSIVE
Same trOXS., short hood over pipe outlet ' U

' YES ' - 047 EXTENSIVE
Some trans., I2'round to loUsguare pipe trans. U U

' YES 1400-I

	

51 0 ' - 034 MODERATE
Same trons.,I0" round to ID" square pipe trans U U U U YES 1400301 0 ' - 037 MODERATE

*Modified Warp, IA upward slope ' U U U
- 4,000 21 SLOPE - 067 EXTENSIVE

Broken -Back, i e upwurd slope 0380 0 BAD .300 lOOP - 3.000 2

	

I SLOPE 034 0870 EXTENSIVE
20' Broken -Back, 1:13 I

	

upward slope 0.330 0 0,670 1,670 -'- 4.352 1IOPIZONTAL - 0,59 EXTENSIVE
20' Brakes-Back, 113.1

	

upward slope U 0 170 0,530 U U U 043 061 EXTENSIVE
5QU Broken - Back, 1:13,1 upward slope U 0,330 1.000 U - U U 047 0,75 EXTENSIVE
DO' Broken-Back, 1:13 I upword slope U 0 0.670 - DI SLOPE O.7S 062 EXTENSIVE
DOU Broken -Bock, 113.1 upward

	

slope U 0 170 0 830 U - U U 065 0,63 EXTENSIVE
20U Broken-Bock, 1.13.1

	

upward

	

slope 0.330 1002 ' - " 066 0,67 EXTENSIVE
25' BrokeX-Back, 1,10 2 upward slope 0330 0 0670 I 670 - 3,392 HORIZONTAL - 044 EXTENSIVE
25" Broken-Bock, 1,102 upword slope 0,172 0830 U - U 0.40 049 EXTENSIVE
DSU Broken-Bock, 110.2 upword slope 0,330 1.000 ' - U 047 0.65 EXTENSIVE
OS' BrokeX -Back, 110 0 upward slope ' -O 17 0 0502 U

- 2.1 SLOPE O2S - EXTENSIVE
25' Broken-Bock, I 102 upward slope ' 0 0.670 ' - 051 0,45 EXTENSIVE
25U Broken -Back, 110.2 upward

	

slope U 0,170 0,830 U - U U 0.52 047 EXTENSIVE
25' Broken-Back, I 10,2 upward s1ope ' 0.332 U - U 053 0,59 EXTENSIVE
32' Broken -Back, I'S 3 upward slope o 330 0 0670 1.672 - 2.752 HORIZONTAL - 0,61 EXTENSIVE
3D' Broken-Back, I A 3 upward slope " 0.170 0.830 - U 030 0,63 EXTENSIVE
35U Broken -Back, 1:8 3 upword slope 0.330 1000 ' - ' 037 071 EXTENSIVE
30" Broken -Bock, 1:8,3 upward slope ' 0 0670

' - " 2:1 SLOPE O.75 062 EXTENSIVE
30' Broken-Bock, 1:8.3 upword

	

slope '
0,170 0.830 ' -

U U 062 0.63 EXTENSIVE
30' Broken -Back, i'e 3 upward slope U 0,330 I 000 U __ U U O.sS 0.70 EXTENSIVE
B-B,I 5,5 slope,with IoUround to ID', lBrect, 1,002 I 300 I 300 I 002 YES 15.5 0-2.0)0 HORIZONTAL - 039 EXTENSIVE
Same trans with 6r hump on floor U U U U YES U

0 43 LISI-IT
Some tronsition,no hump - U ' YES ' 2 I SLOPE -

.
0.21 MODERATE

B-B, level, with IDU round 'to ID's IAr8ct 0 0300 '
YES

U U
- 015 LIGHT

Closed conduit, IDUround to 12', 2AU rect. 0332 -0.170 0,830 1.670 YES 6,002 HORIZONTAL 0.38 0.10 MODERATE
Closed conduit, ID' round to ID', DSU rec't. ' 0 I 005 YES ' ' 039 0,10 MODERATE
Closed conduit,I2' round to IOU, DA'rect. ' 0,252 I 250 U

YES U 0.41 0,11 MODERATE
Closed conduit, IOU round to

	

ID"

	

24U rect 0330 -O 170 0.832 1,570 YES 6.00 0 HORIZONTAL 036 0.08 MODERATE
Closed conduit, ID' round to 12"e 24' rect. ' 0 I 002 YES U U 0,38 006 MODERATE
Closed conduit, ID" round to ID's 24' rect ' 0255 I 250 ' YES ' " 0.37 012 MODERATE
Closed

	

conduit, with center pier -0,170 0,832 " YES ' ' 0.43 0.08 MODERATE
Closed

	

conduit, with center pier 0 1.002 U VEX 0.44 0,11 MODERATE
Closed

	

conduit,with Center pier 0250 1.250 YES U U 045 014 MODERATE
Closed

	

conduit, ID'squore to 12', 24' rect 0S32 0,252 1,252 I 67D YES 6.002 HORIZONTAL 0,51 0.23 MODERATE
Closed

	

conduit, I2Usquare to IX, 24' rect U 0 I 002 ' YES
U U

050 020 MODERATE
Closed

	

conduit, I2UsguOre to

	

D's 24' rect. ' '-0 170 0830 ' YES ' ' 050 020 hIODERGTE

* Warped surfaces constructed within confines

	

0' PipelIne diameter

	

ID'

of broken back transition using straight

	

Oh V0 - V5

	

wkere V0 und V5 ore the Q velocities in the pipeline and Conol ,respectiuely

	

t Doubtful value
9

	

Xu
wall top and straight intersection of floor
as screed guides

	

It Lossh

	

For outlets Loss is (h + V49) - (s + Vc20)

For inlets , Loss is

	

+ Vc) - (o + vp)_pipeI,ne losS to pipe
meaSuring Station

TABLE OF OPERATING CONDITIONS AND PERFORMANCE
______

	

-
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-I

I-
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Figure 1
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A. Typical field installation of a broken-back transi-
tion West Lateral, Rogue River Basin Project,
Oregon.

i1
1

PX D-39249

B. Laboratory installation with a broken-
back transition - - 12-inch pipeline.

BROKEN -BACK TRANSITION INSTALLATIONS



FIGURE 2
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Figure 3
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A. Canal model with template in place for shaping
sand bed. Closed conduit transition installed
with horizontal approach pipe.

- .;.(

B. Air model facilities for testing closed-conduit
outlet transitions.

LABORATORY TEST FACILITIES
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Figure 5
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A. Flow is confined mainly to passage
center. Eddies occur at sides.
Q 3.0, Vp= 3.8, canal depth= l.5D.
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B. Scour after 45 minutes operation.
Q = 3.0, Vp = 3.8, depth l.5D.

C. Scour 75 minutes operation with
hump. Q = 2. 't, Vp = 3. 0,
depth = 1. 5D.

FLOW CONDITIONS AND SCOUR PATTERNS- -OUTLET FLOWS

Broken-back Transition, 1:8 Slope, 6-inch Rise
Irdet Pipe Horizontal



Figure 6

A. The surface is turbulent with Q = 3. 1 cfs,
Vp = 4.0 f/s, depth 1. 3D. A boil occurs
near the headwall.

B. Scour after 1 hour operation. Q = 2. 4 cfs,
Vp = 3.0 f/s, depth = 1. 3D. Sand was
deposited in the transition.

FLOW CONDITIONS AND SCOUR- -OUTLET FLOWS

Broken-back Transition Modified with Warped Surfaces
1:8 Slope, 6-inch Rise. Inlet Pipe on 2:1 Slope



Figure 7

!
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A. The water surface is mildly turbulent.
Q = 4. 7 cfs, Vp = 6.0 f/s, depth = 1. 3D.

r*.
!;

L;f

I

B. Scour after 1 hour operation. Q = 4.
Vp 6.0, depth= l.3D.

C. Scour after 45 minutes operation with
hood installed in transition. Q = 4. 7,
Vp = 6.0, depth = 1. 3D.

FLOW CONDITIONS AND SCOUR PATTERNS--OUTLET FLOWS

Broken-back Transition, 1:8 Slope, 12-inch Rise
Inlet Pipe Horizontal



I

Figure 8

A. The water surface is somewhat rough. Q 4. 7,
Vp= 6.0, depth= 1.3D.

B. Scour after 1 haur operation.
Q 4.7, Vp 6.0, depth= 1.3D.

FLOW CONDITIONS AND SCOUR PATTERN- - OUTLET FLOWS

Broken-back Transition, 1:8 Slope, 12-inch Rise
Inlet Pipe on 2: 1 Slope



Figure 9

1

/

A. Mildly turbulent water surface.
Q = 2. 4, Vp = 3.0, depth = 0. 8D.

-•

,:

B. Scour after 25 minutes operation each,
with flow velocities in pipeline of 2,
2. 5, and 3 f/s. Depth 0. 8D.

FLOW CONDITIONS AND SCOUR PATTERN- - OUTLET FLOWS

30° Broken-back Transition, 4-inch Rise
Inlet Pipe Horizontal



Figure 10

_j4

A. Mildly turbulent water surface.
Q = 2. 4, Vp = 3. 0, depth = 0. 8D.

B. Scour after 30 minutes operation each
at flow velocities in pipeline of 2, 2. 5,
and 3 f/s. Depth = O.8D.

FLOW CONDITIONS AND SCOUR PATTERN--OUTLET FLOWS

25° Broken-back Transition, 4-inch Rise
Inlet Pipe Horizontal



Figure 11

.:4

	

:

A. Turbulent water surface. Q = 2. 4,
Vp = 3.0, depth = 0. 8D.

B. Scour after 30 minutes operation each
at flow velocities in pipeline of 2, 2. 5,
and 3 f/s. Depth = 0. 8D.

FLOW CONDITIONS AND SCOUR PATTERN--OUTLET FLOWS

25° Broken-back Transition, 4-inch Rise
Inlet Pipe on 2:1 Slope



Figure 12

I
A. Scour after 2-1/2 hours, Vp = 2 2.5,

and 3 f/s; canal depths of 8, 10, and
12 inches. Pipeline horizontal.

/

B. Scour after 2-1/2 hours, Vp = 2, 2.5,
and 3 1Is; canal depths of 8, 10, and
12 inches. Pipeline on 2:1 slope,
depth 0. 8D.

SCOUR PATTERNS- - OUTLET FLOWS

20° Broken-back Transition, 4-inch Rise
20-inch Canal Invert



Fiqure 13
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B. Flow conditions. Q = 4. 7,
Vp 6 f/s. Scour occurs at end
of riprap.

I I I

	

-•

	

-_

C. Scour after 1 hour at Q 3. 1 cfs, Vp = 4 f/s
and 1 hour at Q = 4. 7 cfs, Vp = 6 fIg, canal
depth= l.3D.

FLOW AND SCOUR IN CANAL PROTECTED BY 4-INCH LAYER
OF 1-1/2-INCH GRAVEL

1:8 Slope, 6-inch Rise Transition with Warped Wells and
Horizontal Pipeline - - Outlet Flows

A. Flow conditions. Q = 2. 4,
Vp = 3 f/s. Scour was negligible.



FIGURE 14
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FIGURE 20
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Figure 21

-4

A2 Water surface is mildly turbulent in transition,
but smooth in canal. Q = 4. 7, Vp = 6. 0, canal
depth = 1. 3D.

,

B. Scour after 1 hour operation. Q = 4. 7,
Vp 6.0, canal depth 1. 3D.

FLOW CONDITIONS AND SCOUR PATTERN--OUTLET FLOWS

Combination Closed-conduit and Broken-back Transition
1:5. 5 Slope, 12-inch Rise. Inlet Pipe Horizontal



Figure 22

A. A hump occurs in the water surface above
the Design 2, hump-like deflector on the
floor. Q = 4. 7, Vp = 6.0, canal depth 1. 3D.

B. Scour after 1 hour operation
6-3/8-inch-high deflector.
Q = 4. 7, Vp = 6.0 f/s.

C. Scour after 1 hour operation
3-3/8-inch-high deflector.
Q = 4. 7, Vp = 6. 0 cfs.

FLOW CONDITIONS AND SCOUR PATTERNS--OUTLET FLOWS

Combination Closed-conduit and Broken-back Transition
With Floor Deflector 1:5.5 Slope, 12-inch Rise.

Inlet Pipe Horizontal



Figure 23

A. Scour after 1 hour. Q = 3. 1, Vp = 4. 0,
canal depth = 1. 3D.
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B. Scour after 1 hour. Q = 4. 7, Vp = 6. 0,
canal depth = 1. 3D.

SCOUR PATTERNS--OUTLET FLOWS

Combination Closed-conduit and Broken-back Transition
1:5. 5 Slope, 12-inch Rise. Inlet Pipe on 2:1 Slope



Figure 24
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A. Somewhat turbulent water surfaces occur in
the transition and canal. Q = 4. 7, Vp = 6. 0,
canal depth = 1. 3D.

-2

.,,

	

4

B. Scour after 1 hour operation.
Q = 4.7, Vp = 6.0, canal depth = 1. 3D.

FLOW CONDITIONS AND SCOUR PATTERN--OUTLET FLOWS

Combination Closed- conduit and Broken- back Transition
Level Invert--Inlet Pipe on 2:1 Slope



FIGURE 25
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Figure 26
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A. Scour after 2 hours operation. Q = 3. 1,
Vp = 4.0, canal depth = l.OD.
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B. Scour after 2 hours operation.
Vp = 4.0 f Is, canal depth 1. 25D.
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C. Scour after 1 hour operation.
Vp = 6.0 f/s, canal depth 1. 25D.

SCOUR PATTERNS- - OUTLET FLOWS

12- by 28-inch, Closed-conduit Transition
Inlet Pipeline Horizontal
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Figure 29
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FIGURE 35
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SHEET FOR SMALL CANAL TRANSITIONS
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