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Subject: Study of the effects of turnout des1g'n on: reg15trat1on
: ' accuracy of propeller meters placed in downstream
ends . of turnout p1pes ’ S S0 ipey

»PURPOS %' i THE STUDY i it o
The purpose of the study dlscussed in th1s report was to determme o
the effects of physical and hydraulic conditions of a pipe turnouton |-
the registration.accuracy of a propeller meter placed in the outlet ey
end (Figure 1) and to-determine what limitations would be required
to assure acceptable accuracy for meters used inthe various settings.
Field tests were made also for correlation with laboratory tests and
to investigate the effect of turnout. plpe size on meter: registra’uon
accuracy :

f CONCLUSIONS G

1. The registration accuracy of a propeller meter placed in the
end-of ‘a pipe turnout is 1nf1uenced by the veloc1ty prof1le of the
flow at the meter station. e , : :

2. The V91°°1ty proﬁle ina p1pe may be rather sharp or: qu1te ‘blunt ENR
depending on the pipe length, diameter, and relat1ve Wall roughness, R
-and the ﬂow turbulence (Figure 5B).: : , :

3. The relative diameter of pipe. and meter propeller will have
very little influence on the reg1strat1on accuracy when the veloc-
ity profile is blunt : |

4. The relative d1ameter of p1pe and meter propeller w111 have
considerable influence on the accuracy registration;of a propeller
meter:when the velocity profile is: sharp (fully developed) partl- S
cularly in the smaller pipe sizes. N

: i
5. The larger the pipe diameter with respect to the d1ameter of
meter propeller, the more the velocity profile is 11ke1y to 1nﬂuence
the meter registration accuracy. i



6. The influence of velocity profile shape ‘on meter""registratlon
accuracy will be minor when the propeller dlameter is 75 percent
or more-of the pipe d1ameter : st ‘

7. The propeller d1ameter is'notas critical .a factor "»in‘turnouts
having large relative roughness factors. The difference in veloc-:
ity profile for undeveloped and fully developed boundary flow 1s less
for rough than for smooth: p1pe o : S

8. Where the turnout pipe slopes downward from the canal toa

"1ower elevat1on, there should be a section of‘horizontal pipe, 7
diameters or more in length, placed upstream from: the propeller
meter. ‘ _ R ‘

9. The horizontal section of pipe ahead of the meter propeller should
be placed at an elevation such that the hydraulic jump will form at the
upstream end of the 7-diameter-long section. The momentum ‘rela-
tionship based on the depth and velocity of the flow entering the hori-
zontal section’ can be used to: deterrnme the proper elevatlon for- the :
pipe (Flgure 7). : ~

10. When accuracy of registration is: extremely 1mportant ‘meters
should be rated in settings where veloc1ty proﬁles are: comparable

to those to be encountered in the field. This is particularly impor-
tant wien the propeller dla.rneter is less than about 75 percent of that
of the pipe. :

11, In the case of a relatlvely smooth 12-1nch pipe, the boundary
conditions appear to become fully developed in a length of about 30
pipe diameters. :

12, The reg1strat1on accuracy of most propeller meters falls off
at low velocities. Registration accuracy is usually quite constant
for pipe velocities above about 1.5 feet per second The velocit y
is lower for the larger meter. d1a.meters

13. For best registration: accuracy, the meter propeller should be

at the pipe centerline with its axis parallel with the pipe" walls. ‘Some S

var1at1on will not: 1ntroduce ‘objectionable: errors: (F1gure 11).
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INTRODUCTION |

As use of water in fert11e areas 1ncreases, 11: becomes ‘more . a.nd

more important that accurateand: continuous measurement be made

of individual releases. Numerous investigations of water-measurmg L
devices have been made in recent yearsto determine whether or not -
these devices would satisfy the more exacting requlrements. One
of the devices investigated was a pipe turnout with a propeller meter
placed just inside the downstream end" (Flgure 1)." 'The meter used in
this study had a propeller shaft supported in: bearmgs in an L-shaped
pipe housing with gears and shafting to-operate :a flow recorder. The .
L-shaped housing. served as a support for the meter andheld it on the
headwall at the pipe outlet by :brackets: ‘which permitted the meter to

be moved easily from one turnout to another‘to ‘measure flow releases.
A typical 12-inch turnout was constructed inthe Hydraulic Laboratory
and tests made to determine the influence of the physical ahd hydrau-
lic operational characteristics of the turnout on the reg1strat1on accu-’
racy of a propeller meter." Tests were made in the field on two 24-inch
turnouts after the laboratory tests indicated that the. reg13trat1on accu-
racy of a meter would be 1nﬂuenced by turnout length. The laboratory
and field tests are dlscussed in this report

LABOR'ATORY ‘INVESTIGATION

Description of 12-1nch Turnout

The laboratory test turnout: cons1sted of a head: box w1th baffles to
quiet the flow, a section of canal with 1-1/4:1 side slopes and an
adjustable weir at the downstream end to adjust the canal water -
surface, .a regulating gate recessed in the canal bank and inclined
at an angle of 45°, a section of 12-inch plastic pipe sloping down-
ward to a 45° miter bend, a horizontal section of transparent plas— '
tic pipe below the bend, a headwall at the downstream end of the
horizontal section of pipe for mountmg the 'meter, a tail water box
containing a transition from the pipe to a section of lateral anda
hinged gate for adjusting water surface elevation (Figures 2 and 3) :
The model was arranged so that all or any.part.of the ﬂow m the
canal section could be d1verted through the turnout :

Test Procedure

i,T‘;‘ ‘

The amount of water entermg the model was- measured by volu-
metrically calibrated Venturi meters in the laboratory supply
system, and that entering the model, but not passing through the
turnout, by a calibrated weir at the end of a flume attached to the
end of the canal section. The true: chscharge through the turnout
was the difference between these two values. ‘The accuracy of

the propeller meter was the ratio of the flow recorded by the meter :
to the true flow, expressed in percent. Propellers of 6 and 9-3/4
inches in diameter were used in the tests. The 6-inch propeller
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was used extenswely since the ratio of its d1ameter to the turnout
pipe diameter (0. 50) was that being considered for field installation.
The 9-3/4-inch propeller was used only briefly to.show the effect of -

the propeller-pipe diameter ratio on the meter accuracy. The amount -

of water released through the t“urnout was controlled by the slide gate
at the entrance of the turnout p1pe. The pipe outlet submergence was
adjusted to confine the jump to the upstream end of the horizontal pipe
section. ' The turnout was constructed so that the length of the hor1—
zontal pipe could be varied. - :

Turnout Flow Characteristics

Flow conditions at turnout inlet. --The initial tests were con-
cerned particularly with the flow conditions in different parts

of the turnout and their effect on the velocity distribution at the
meter station. Spiral flow at the entrance caused by the forma-
tion of vortexes was present, partlcularly at the larger gcte
openings (Figure 4A). With the pipe 1mmed1ate1y downstream
from the gate vented, the effects:of this spiral flow did not per-
sist beyond the vertical bend. f‘losmg the vent seemed to increase
the vortex action at the entrance and induce pulsation in the turn-
out pipe. Vents were considered desirable for all except very
low heads or where the gate was at the same elevatmn as the
horizontal section of the turnout p1pe : ;

Flow conditions in turnout p1pe and at meter statlon. --The length
of pipe in the horizontal section was 7 p1pe diameters for the
initial tests. The submergence of the pipe outlet was varied

to determine the effect on the velocity distribution at the ‘meter
station. The velocity distribution at the meter station was quite
uniform for all conditions where the upstream edge of the hydrau-
lic jump remained at or upstream from the upstream end of the
horizontal pipe section (Figure 4B). The velocity profile at the
meter station for this short turnout was quite blunt (nearly con-
stant velocity over entire flow area) (Curve A, Flgure 5B) o

The relationship of submergence. and dlscharge wh1ch would

keep the jump at the bend was determined from the model" (F1g- e

ure 6). Comparison of these results with values computed by
momentum relationships indicated that the use of the . momentum
relationships would assure ample submergence (Figure 7).

Flow conditions in turnout exit channel. --Two currents of rela-
tively high velocity were noted in the "broken back'' exit tran-
sition downstream from the pipe. These currents pers1sted on.
each side of the transition and caused excessive scour in-the sand
and gravel immediately downstream. The transition design was
changed to the warped-wall type to correct this condition. The
warped transition improved the flow distribution materially and"
reduced the scour to a satisfactory minimum. The flow condi-
tions and scour are shown on Figure 8.
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Meter Registration Accuracy

Silt in meter. --During pre11m1nary testmg of the propeller meter

at small discharges, it was noted that the registration accuracy
gradually decreased with time. TUpon close examination, it was-
found that very small sharp sand particles in the laboratory sup-
ply settled out in the gear and bearing enclosure. This fine silt
increased resistance, slowed the meter slightly, and decreased -
registration accuracy. Also, it was discovered that the meter was
.being operated mainly at low velocities (about 1-1/2 feet per second)
where friction 'was an important factor and where there was a drop
in accuracy of lesser amount even without the silt deposit. Later
tests were made at higher veloc:.tles and d1scharges to m1n1m1ze

the silt problem @ :

Effects of veloc1ty profile. --The meter W1th a 6—1nch d1ameter :
propeller was first placed in-a spec1a1 setting (b, ‘Figure 9) which
was to serve as a standard for later comparison. A rating cuyrve
in this setting and one obtained for the same meter in the short
turnout were compared. The rating curve for the standard set- .
ting (Curve b, Figure 9) showed consistently higher reglstratlon
accuracy than that for the short turnout (Curve ¢, Figure 9).
was reasoned that because of the small propeller, which was half
the diameter of the pipe, the difference might result from a vari-
ation of the velocity profile in the flow approaching the meter..
Velocity profiles were found to be qulte different (Curves A and
B, Figure 5-B). The effective velocity at the propeller was much.
higher for the standard settmg than for the short turncut when the
flow quantity was the same. These tests proved that the registra-
tion accuracy of meters with small meter-to-pipe diameter ratios
would be influenced by the velocity profile which would vary with
turnout pipe length and size. ‘Once the initisl tests were made
and it was determined that velocity distribution would be an
important factor influencing registration accuracy, the investi-
gation was continued to establish the limitations of a turnout
design which would affect the performance of a propeller meter
placed at its downstream end. The investigation included the
determination of the minimum length of horizontal pipe upstream .
from the meter to provide a sufficiently uniform velocity distri- - f" '
bution to give acceptable meter accuracy, whether or not straight-
ening vanes would be required in the pipe upstream {from the meter
and whether or not angular or offset positions of themeter axis
with respect to the pipe centerline were objectionable.

Effects of length of pipe. -~The boundary influence in the turn-
out was disrupted by the hydraulic jump to produce a quite uni-
form veloc1ty at the meter station when the length of pipe was
short (7 pipe diameters). The velocity profile in this case was
quite blunt (Curve A, Figure 5B). Observations indicated that
the length of 7 diameters would be a minimum which would




produce a satlsfactory near uniform velocity. When the reg1s- o
tration accuracy for the meter in this settingwas determined to

be much less than for the meter in the standard setting, an expla-
nation was sought. The velocity profiles obtained for both: settmgs ;
were quite different. The profile for the standard setting was
sharper (velocity less uniform) than for the 7-diameter-long
turnout (Curve B, Figure 5B). This difference in profile explained
the variance in registration’accuracy (102 for the standard setting -
and 93 for the turnout). In the case of the standard setting, the
boundary layer had developed to form the sharper profile and sub-
ject the meter propeller to higher velocities than in the short turn--
out, thus showing higher flow reglstratlon for: an, equlvalent dis-.
charge. ; ‘

Further tests with var1ous pre length.. were made to establish

the influence of length on registration accuracy. " The facilities ‘
used for these tests included the standard setting, 'a 40- diameter
length of pipe with stra1ghten1ng vanes, originating from the lab-
oratory supply and terminating in a box; a 20-diameter length of
pipe with stra1ghten1ng vanes, ‘originating: from a metal tank and
terminating in a box a typical turnout with:a 7-diameter leng‘th

of horizontal pipe, originating from a canal section and terminating
in a transition leading:to a small channel representing a lateral;
and a typical turnout with a 30-diameter length of horizontal pipe.'

The results of the tests on these various facilities were plotted .
to show the effects of turnout length on the meter registration
accuracy (Curve a, Figure 10). The 6-inch propeller meter

in the standard 40-diameter-long pipe reg15tered 102 percent

of the true flow, or 9 percent more than in the 7- dlameter-long
turnout. The difference was attributed to the difference in veloc~
ity profile which resulted from boundary cond1t10ns 1nduced by
the variation in. p1pe length, i ‘

The prope11er occupymg the center of the p1pe ar\d having a :
diameter one-half that of the pipe size was subjecied to higher
velocities with the parabolic profile of the-40-diameter-long:
facility than with the "flat front' profile of'the 7- dlameter-long
turnout for the same amount of water passing the meter.

The results indicated that the registration accuracy for a meter
would be constant when the length of the turnout exceeded about
30 diameters (Curve a, Figure 10). Thus, the velocity effect =
for a meter having a propeller diameter half that of the pipe
could be minimized: by limiting the minimum length of turnout

to about 30 diameters. This limitation was not considered
practicable, partlcularly when it was considered that a larger
propeller to pipe diameter ratio would decrease this difference
and that the difference would be even less for turnouts with
larger pipes. The effects of pipe size will be discussed in a
subsequent section of this report.
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Tests using the 9-3/4-inch propeller:showed the difference in .
meter accuracy due to turnout length:(velocity: d1str1but1on) to

be much less than with the 6-inch propeller (Curve e, Figure 10).
This was attributed'to the fact that the larger propeller 1ntegrates
more of the veloc1ty proﬁle ‘ o ‘

Some thought was -given to the use: of gears 1n the meter record-

ing head to adjust for the length of turnout. Inthis case, acer-
tain gear ratio would be used for a certain range of turnout lengths.
Since one flow recording head is to be used for each turnout, this
would seem feasible. This was not pursued further because of

the complex problem of gearmg such a large number of: d1fferent

size meters, : :

Attempts to prov1de un1form veloc1ty at meter.. -—It was reasoned
that some means might be designed into the turnout to disrupt the
boundary layer and produce a near uniform- velocity distribution

for all turnouts. This would -subject a meter to velocities nearer

the average and eliminate a variation in profile due to pipe length, =
Moreover, the meter diameter.to pipe- diameter ratio would not be Ca
critical. A thin ring or other obstruction placed within the p1pe
upstream from the meter was considered. A ring was made of
1/16-inch sheet metal with an outside d1a.meter equal ‘to the p1pe SEnE
diameter (12 inches) and the inside diameter. equal to 0..9 the pipe
diameter (10.8)inches). The difference in accuracy in the two
turnout settmge was reduced to about 3. 6 percent when the ring

was placed 1 pipe diameter upstream from the headwall support-

ing the meter (Curve c, Figure 10). Placing the ring further
upstream reduced the difference only slightly while moving it
downstream to one-half dla.meter from the. headwall agam 1ncreased
the difference. : : :

Tests were made using air as a ﬂuld with or1f1ces 0. 7 0 8,

and 0. 9 the diameter of the pipe, and two different pipe lengths
to determine whether or not the 0.9 ratio was most effective

in producing uniform velocity downstream.  The 0. 9 ratio made
a noticeable change in the velocity distribution and the ratios .
of 0.8 a1 ! 0.7 gave some additional change (Figure 5A). -From-
these results, it was considered 1mpract1cable to use-a ratlo
smaller than 0.9,

Since there appeared to be an advantage from the construction
standpoint of using a short flow nozzle constructed integral with .
the pipe, a section 3 inches long with theupstrea.m edge rounded
and the inside diameter equal to 0.9 the pipe diameter was tested.
This was not as effective as the ring havmg the same d1ameter
(Curve b, Figure 10). :

It was concluded that a simple sudden reduction in pipe diam-
eter near the end of the turnout pipe would be desirable from




the construction and maintenance standpoint, provided the sec-
tion of reduced diameter was of reasonable 1ength (preferably a
length equal to the thickness of the headwall). Sleeves of different
lengths, 7, 12, and 18 inches with: inside diameters of 10. 8 inches
(0. 9 of the pipe diameter), were inserted in the end of the turn-
out'model with 7 and 30 diameters of sfrmght pipe upstream. The
12-inch sleeve gave as small adifference as any for both turnout.
lengths, about 4.2 percent (Curve d, Figure 10). From these
tests, it was concluded that'a reduced section 1 pipe diameter

in length and with an inside diameter of 0.9 the diameter of the
pipe placed in the end of the turnout would be the most satisfac-
tory of any of the boundary dlsruptmg dev1ces tested to date

The effects of orifice rings and sleeves: at and near the meter A
station for the various test facilities and. different turnout lengths
are shown on Figure 10. The treatments reduced but did not
eliminate the mfluence of p1pe length. ‘ :

Effect of vert1ca1 placement ogpropeller meter. --Tests were
made to determine the effect of placing the'meter so that the
propeller axis did not comc1de but was parallel with the p1pe
centerline. The meter was raised above'the centerline and
lowered below it. The registration accuracy was reduced to
either side of the pipe centerline, indicating a velocity proflle
influence (Figure 11A). This difference would be less for a:
meter of larger propeller to pipe diameter rat1o so was not
consideredserious. Also, the a.mount of change was small for
small displacements. \

Effect of rotation of meter propeller axis with turnout pipe axis. -
Tests were made to determine the importance of having the axis
of the propeller parallel to the axis of the pipe. ' For these tests,
the meter was rotated about the center of its vertical support col-
umn. The maximum rotation tested-was 25° both clockwise and
counterclockwise. The registration accuracy decreased for both
directions of rotation but was qulte small for small angles c»f rota- .
tion (Figure 11B). G ‘

Need of Stra1ghten1ng Vanes

Durmg a part of the initial test program ‘the turnout was operated
with and without straightening vanes immediately upstream from
the meter. The same resulis were obtained in each case so the
vanes were considered unnecessary for this particular turnout
design. This was confirmed when velocity traverses indicated
near uniform velocity at the turnout.exit. - Several operating con-
ditions, - with and without air admitted immediately downstream
from the regulating gate,” and with and without a vortex entermg
the pipe were investigated. . The aceuracy of the meter in the short
(7 diameters long) turnout varied a maximum of 3 percent in these




tests. A vortex at the, plpe entrance is. shown on Flcrure 4A, and .
conditions with the upstream end of ‘the: hydrauhc Jump in. the ver—:~
tical bend are shown on F1gure 4B -

FIELD INVESTIGATION

Description of 24 inch’ F1e1d Test Turnouts

Two turnouts in tandem were constructed in'a’ 3 foot deep, 45- o
cubic-foot-per-second, troweled gunite- -lined canallateral with a |

3. 2-foot bottom width, 1-1/2:1 side slopes, and a 0.75-foot free-
board (Figures 12 and 13), The long and.short turnouts were con-
structed with 24-inch concrete pipe 1a1d in the lateral, using
suitable timber headwalls and tail walls. ' The long turnout, 32.1
diameters in length, was upstream and. 21 feet from two 3-foot - ‘
slide gate controls in the bank of the main: canal (Figure 13). ‘The * .~
short turnout, 6.75.diameters in: 1ength was placed 205.5 feet
downstream from the long turnout. The long turnout was equipped
with a circular leaf slide gate at:the inlet, There was no: ‘gate‘on-

the short turnout. A current meter and. pomt gage station were

set up in the lateral 162 feet downstream from:the short turnout

and a stoplog check stat1on was: estabhshed 225 feet farther ‘down-
stream. , : :

Test Procedure

Flow into the lateral and to the: turnouts from the canal was regu-
lated by two wooden leaf slide gates, and submergence of the. turn-
out exits was controlled by stoplogs at the check statlon e

Flow into the test turnouts was 11m1ted by 1rr1gat1on dehvery requlre- |
ments and the turnout restricted to a maximum of 13 cubic feet per

second. ' This discharge and another of 8 cubic feet per secoud were: (i

used for the tests to reduce delivery interference to a minimum. For
each flow, it was" 1mportant to maintain the rate of flow constant
while the registration accuracies of the meters were being checked.
A hook gage was installed between the lateral regulating gates and
the entrance to the long turnout and a member of the test crew o
assigned to keep the head constant by adjusting the regulating gates.
One of the test crew was stationed at each of the propeller meters
placed in the ends of the test turnouts, andtwo were stationed at

the current meter gaging station. The registration accuracy of.

each meter was determined by dividing the flow rate registered by
the meter by the flow rate based on the current meter traverse.
Current meter readings were taken at 0.2, 0.4, 0.6, and 0.8 of

the depth for each foot of width, a total of 44 readmgs per traverse.
A point gage was used to determine the water depth. “An engineer's -
level and rod were used to obtain the section profile of the lateral

at the gaging station. The water surface at the exit of the short




turnout was held 3 inches above the. crown of the plpe by adJust-“““‘
ments at the stoplog check. Nine runs were made. A description
of each is given by the test results summary. ‘sheet (Table 1), . The
lateral flow was obtained from the velocity traverses and the meter
registration by averaging from ten to- twenty 1- to 2-minute records
from the respective recorders. : ‘

Test Results

Effect of turnout length, --The percent difference in meter reg-
istration accuracy ior the long and short turnouts was obtained
from the meter flow records and velocity traverses.. The meters
were switched from one turnout to another in some of the tests
to eliminate any influence of meter differences. ‘This proved
to be an important factor in the analys1s of the test data. The
percent difference column of Table 1 is the difference in the two
meter registrations for the two turnouts. A plus sign indicates
a greater registered quantity in the long turnout.and a minus sign
indicates a lesser reglstered ‘quantity in the long turnout. The
meter registration accuracies with respect-to each other were
obtained by subsequently rating both in a standard fa0111ty “Meter
No. 1 registered 3 percent more than Meter No. 2. From Table .
1, it is concluded that the same meter ‘wouldr_egister from 2 'to

6 percent more in the long than in the short turnout... It was also
concluded that less difference was obtained in the field tests for
the 24-inch turnouts than in the laboratory for the 12-inch turn--
outs because: The larger pipe gave a relatively flatter velocity
profile; the 24-inch concrete pipe had much greater relative
surface roughness than. the 12 -inch steel and plastic pipe used
in the laboratory tests; mortar joints in the 24-inch concrete
pipe protruded from 1 / 4 to 3/4 inch into‘the pipe tending to dis-
rupt the boundary conditions, and the entrance’ cond1t1ons to the
laboratory and flela facilities were d1fferent

Effect of gate opening. --Where the gate on the long turnout was
closed to 33 percent open, the meter registration was reduced
by about 9 percent. This was attributed to the flow conditions
in the pipe immediately downstream from the gate. The partial -
gate opening disrupted the boundary conditions and may have -
altered the velomty profile un1form1ty Otherw1se. ,

Effect of vertical placement of propeller meter. --A limited' num-
ber of tests were made to determine the effects of vertical dis-
placement of the meter propeller. A 1-inch displacement of the
meter center above the pipe center indicated a decrease in accu-
racy registration of 1.2 percent and a displacement of 1 inch
below the center indir'ated a 0. 2 percent increase. These data
indicated that off-center displacement of small amounts will have
little influence on meter registration accuracy ‘The points are
plotted on Figure 11A,




Effect of rotatlonal d1sp1acement —-Readmgs were taken on two e
‘occasions to:determine-the: 1nfluence of ‘rotating: the meter’ ‘axis -
- with respect to the turnout:pipe axis." A rotation of the 2-1/2-

inch support pipe 1/4 incéh:onithe: cu'cumference counterclockw1se B
(11:-1/2°) gave a reduction ‘in registration accuracy of . -about:4.per- . .
‘cent, while a rotation:of 1/2/inch(23° clockwise gave a’ reduct1on i

in: -accuracy of :about 16 percent "These tests" 1nd1cated that the "
axis of the meter: propeller should have as little: rotation as pposs
‘ble with respect to the turnout p1pe ams The pomts are plotted :
on Figure 11B el e v

Head losses in test turnouts ——Total loss through each of the _?
two field test turnouis was recorded for a:discharge:of: about
13.1 cubic feet per second. Thelosses for the Jlong:and short =
turnouts respectively were! 0 608 and O 325 foot or 2 24 and

1.2 velocity. heads S T v : o




Water.
depth Current 3
(point |'meter [
~.gage) | flow | .. ““IMeter [P
{| current | cfs Turnout. | record |:
lmeter'sta Cpn

3.327 | 12,87 |short  [13-36 iong /(1352 |+l 2'p.m. L
3.341 - 137127 [Cong -~ | <40~ 1027 T 1324 11008 | +1.0 TFull -~ 6= 4 Z.m. sw1tched meters
Gl e e 5 SN Bee O ' ‘| Meter No." 1'reads: h1gher

R S e s e e R col oo and i lower: MeteriNo. 02, e s
3344 [ 12.58 [Long  [12.74 100,41 1125000908 140, 6 Full - "16-7., :prm. - Only run:with vanes, T
ST I L e e L T e ORI FTe '6ift long mstalled ‘both pipes,; "
2:ft'from outlet.’ Vanes:.de-"
R RERER el SRR e | B ] RO e e e | -‘creased: acc 140.2.8" percent
Long . I"8. 81 [105.2["Short [.8.38 [ o d 13 Ib=5a.m. Flow. ‘reduced:by. ~
el e I S e R e ’ kclosmg gate Head on gate

‘ Short +8..409:11:10 ¥ 1.6 1L ' .6-9:p. m w1tched meters
RS I T B e [ i B S R B ; “reads greater

;percent. trend changed from + ' .
o= Dec1ded to open gate i

~[6-5-pom, acc dﬂ’F rcent trend S
| backito+ again: . :
6=5p.am. eteT No 1 ralsed
,1,1nch 2~ 1/ 2-inch-diameter = -

S e T «droppipe housing rotated. 1/4
:Offcenter: |- =i «q1nch ccw.on:Meter: No 2 :

: ‘ . . i |:Compareto:Runi6;
6-4:a,m.. 2-1/2-1nch d1ameter ‘
‘drop pipe housing rotated1/2 cw
‘on MeterNo, 1, MeterNo. 2w

ol 16 -6.a.m. Run No 5 repeated E
but gate full open “reducedhead.
‘ .4 repeated,”
: as 4in8: Full open gate in; longi'
‘turnout increased meter regis- -
wtration, Meter No: 1 reads
:greater Meter No. .2, ‘Run8."
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Figure 3
Hyd-478

12-inch Test Turnout

Control Gate at Turnout Inlet

Study of Irrigation Turnouts

12-inch Turnout Test Facility




Figure 4
Hyd-4178

Flow in Turnout Vertical Bend - Hydraulic Jump at Bend

Study of Irrigation Turnouts

Flow Conditions at Inlet and in Vertical
Bend of 12-inch Turnout
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GATE OPENING — %
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d, IN FEET
H IN FEET

3.0 3.2
DISCHARGE IN G.F.S.

STUDY OF IRRIGATION TURNOUTS
HYDRAULIC CHARACTERISTICS OF 12-INCH TURNOUT
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Figure 8
Hyd-478

Surfaces of Lateral Downstream From Exit Transition
After Flow of 1.55 cfs for 1 hour ‘

Study of Irrigation Turnouts

Flow and Erosion in Lateral Downstream From 12-inch
Turnout Exit Transition With 2:1 Upward Sloping Floor,
Warped Walls, and Propeller Meter
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LENGTH ON METER REGISTRATION AGGURACY
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METER REGISTRATION ACCURACY-PERCENT
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