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Progress Report (1)
on
Vortex-Tube Sandtrap Tests
for 1933
by
Carl Rohwer, W. E, Code, and L, R, Brooks

The study of the vortex-tube sandtrap was started in
1930 and since that time different types of tubes have
been tested under various conditions. These tests ine

dicated that the device would remove sand and silt carried

as bed loed, but there were many uncertainties as to the

conditions which produced the greatest efficiency in sand
removal., Tests made in 1932 showed that the tube had great
carrying power, lowever, the methodsg adopted for making
some of the observations did not prove satisfactory,

and as & result it was not possible to interpret the
results obtained accurately. A more complete study of the
vortex-tube was pianned for 1933, and after considerdng
various methods of making observations, a new method was
devised which 1t was hoped would give more. accurate

results or at least more consistent ones.

The study made during 1933 consisted of the deter-
mination of the speed of rotation and the velocity of
translation of the water in straight and taper tubes set
at various angles with the axis of the flume when oper=

ated under different flow conditions. Observations were

(1) This report was prepared under the direction of

We We Melaughlin, Chief of the Division of Irrigation of

the Bureau of Agricultural Engineering. The work was
carried on under a cooperative agreement between the United
States Department of Agriculture and the Colorado Experiment
station and is the continuation of a series of experinents
started by R. L. Parshall, Senior Irrigation Ingineer,

in charge of the Irrigation Investigations in Colomdo.




also made on the effectiveness of the tubes in removing
sand and silt under these conditions, both by visual tests
and by quantitative measurements, In addition some special
tests were made to determine the effect of changing the
level of the lower lip of the tubes,

The vortex-tube sandtrap consiste of a tube with an
opening along the upper side. The tube is placed in the
bed of the canal transversely to the direction of flow in
the channel but with the horizontal line of flow approx-
imately tangent to the surface of the tube at the upstream
edge or lip of the opening. The downstream edge of the
opening in the tube is bent down s0 as not to obstruet the
flow of the water, The downstreem end of the tube is
conneeted with an outlet channel or sluiceway to carry

away the discharge from the tube. The design of the tube

is shown by the cross-section of two tubes of different

diameters in figure 1.

When the water in the canal flows over the opening
along the side of the tube it causes the water in the tube
to rotate and since the water in the tube has a veloecity
along the axis of the tube caused by the discharge through
the outlet of the tube, the combination of the two veloci-
ties results in a spiral motion of the water in the tube
which is similar to a horizontal vortex. The rate of rotas
tion is high enough under certain conditions to cause an
air core to form in the water in the center of the tube.

Particles of sand, silt or gravel moving as bed load
along the bottom of the ceanal come in contact with the

rotating water in the tube as soon as they pass across the
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1ip of the tube, GCravity pulls the sand into the tube
because the sand is no longer supported by the bed of the
canal when it passes over the lip of the tube. The spiral
motion keeps the sand caught in suspension and also carries
it out throuszh the outlet of the tube,

The percentage of sand caught and the percentage

depend on various factors. The determination

of the factors and their influence is the purpose of
this study,.
Description of laboratory.

This study was made at the Bellvue laboratory, (See
Mz, 1.) which consists of a concrete channel 85,5 feet
lonz and 6,25 feet deep conneg%od nt the dowvnstream end
with a weir box 50 ft. long and 10 ft. deep at the lower end
of which was installed & l5efoot Francis weir with S5-foot
end and bottom contractions., The upper end of the channel
is attached to the sand gate of the Jackson diteh in the
Poudre.river from which the water for the experiments is
obtained, The water is discharged back into the river after
passing through the flume.

In order to ecarry on the experiments on the sandtraps,

some changes had to be made in the laboratory. A level

floor was built in the flume which extended 30 feet upstream

from the vortex-tube, The elevation of this floor was about

12 inches above the floor of the flume., Downstream from the

tube the floor was extended 8 feet. The level of the downe ]
stream floor was mede %0 conform to the elevation of the I
lower 1lip of the vortex-tube, In the case of the taper tubes

it was necessary to give the downstream floor a small transe




8
verse slope because the drop over the tube decoreased with the

diameter of the taper tube, A water-tight bulkhead was built
between the upstream and the dowmstream floor in order %o
sliminate the possibility of leakage under the tube, The
bulkhead wes moved to conform to the line of the tube each time
the angle of the tube setting wae changed. Plate 1 is an
interior view of the flume,

The water discherged from the vortex-tube was taken through
the wall of the flume through a hole cut on the river side. This
rater was oarried by a channel to a 8tilling pool about 4 feet
wide and 6 feet long with its bottom 11 inches below the level
of the channel, The sand carried out by the vortex-tube was
oaught in this box. After passing through the stilling pool the
weter was measured by a one-foot parghall filume which was attach-
ed to the downstream side of the box. The lower snd of the
parehal’ flume was connected with a 12" tile-line which carried
the water back to the river. A general view of the arrengement
is shown in plate 2,

The amount of water in the flume was regulatéd by the
sandgate and the wasteway at the upper end of the flume. The
maximum head that it was possible %o draw through the send-
gate was anproximately 100 cuble feat per second., On some
ocohsions the water supply in the rivér available for the
tests was not sufficient to provide a satisfactory depth
in the l4=foot flume, Under these gonditions the width of
the f’éme was narrowed to 8 feat by ingtalling a partition

feat from the river side of the flume, 1In order to heve







Plate 2.
auxiliary
flume.

Exterlor view of flume showing
channel and Parshall measuring




gomparable flume widths for all settings of the tubes, it
was decided to test the tubes in both widths of the flume
even though sufficient water was available for the ]4-foot
flume, The depth of the water flowing in the flume was
controlled by & bulkhead with flashboards and a sorew-
gate as shown in figure 1, The level in the discharge

channel from the vortex-tube was regulated by flashboards

at the point indicated in the figure,

The vortex-tubes tested were of two types: One with
a uniform diameter throughout and the other with a taper
gsection decrecsing as the distance from the discharge outlet
yreased, The first tests were made on a l2-inch diameter
straight tube, but it was discovered that the discharge
ugh this tube waz too great to be economically feasible,
was decided to use smaller tudbes, For the straight
a Geinch diameter was chosen and for the taper tubdbes
neh diemeter was adopted for the outlet end and a 4=
dismeter for the small end of the tubes, Sections of
shown in figure l. These same &iameters were
used regardless of the increase in length of the tube due
to changing the angle of the setting, When the flume width
was reduced to 8 feet the tubes were not changed, The
partition was built across the tube and the hole in the
tube was stopped by a plug at the partition,
Method of Conducting Tests
The observations on each tube at each setting were made

to cover as wide a range of discharges as was possible with
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the water aveilable in the river., Bach setting was usually
teated at four different quantities of flow and for each
quantity the tube was tested under three different condition
One test was made with unobstructed flow in the flume and
free discharge from the vortex-tube. This was designated
as the "free-flow" condition. One test was made with
unobstructed flow in the flume, but with the discharge
from the vortex-tube submerged. This was known as the

"tube submerged" condition., The third test was made with

the flow from the tube uwhobstructed, but with the flow

in the flume retarded by the flashboards and regulating
gate in the bulkhead., This was known as the "flume sube
merged" condition. The degree of submergence adopted
during each test was determined by observation of the
action of the tube., In each case the submergence was not
increased bevond the point where some action was still
shown by the tube.

Observations were made on the velocity of translation
through the tube and the rate of rotation in the tube. The
quantity of water flowing over the tube and that discharged
by the tube were measured., The depth of water upstream and
downstream from the tube and in the outlet channel from the
tube was determined. In addition visual observations were
made on the action of the tube and quantitetive measurements
on the sand removed from the flume by the vortex-tubes on
one series of tests on each tube at each setting.

During the tests made previously, the translation




velocity in the tube was determined by the rate of travel

of beeswax balls sliding on tight wires located at the

This method was found to be unsatise
he frictional resistance of the dall
becouse of the uncertain action of

Several methods of improving
measurements were considered, but
amall meter with special
water in the tudbe is
wving toward the outlet,
r vill not measure th
overcome this difficulty a right-
*llere were made for the meter, one of
rotation due to the velocity plus the
the spiral motion of the water and the
rotation due to the velocity
the spiral motion of the water.
ype, and the propellers

propellers were made

F Adentical as

he piteh of the one was the oprosite

of the other, It scems reasonable to assume

iral motion of the water in the vortex tube

rotation of one

1@ propeller Jjust as much
ne rotation of the other., Hence the rollowing
equations result:
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Rl-:

Rg © .
in which Ry and Rp are the observed rates of rotation

of the propellers,

Rys the rate of rotation due to velocity alone and

Ry, the rate of rotation due to the spiral motion of
the water in the tube,

It is rendily seen that by adding the two equations
together, that R, = R} + Rg « ~ This is the rate of
rotation due to th;-;g;;;I;y of translation in the
tqbe. By substituting this value in the rating table
for the meter the veloeity of trensletion is obtained,

The meter with the righte-and left-~hand propellers
was rated on several occesions and the results are shown
in figure 2., Two diemeters of propeller were used, The
first two hed a diameter of 5 inches but when it was
discovered that smaller vortex tubes would have to be
used on account of the large amount of water passing
through the 12~inch tube, the diameter of the propellers
was reduced to 4 inches so that they could be used in the
smaller tubes., It will be observed that the ratings of
the two propellers are identical except in the case of
the second rating of one of the S5-inch propellers. This
differenpe was probably caused by the fact that one of

the propellers was injured while in use and had to be re~

paired. As shown in the figure the rating made after




the propeller was repaired d4id not agree with the
previous rating., Apparently some change was made

in the meter when repairing it. The velocities for
the tests made under this condition were approximated
by converting the observed rates of rotation into
velocity from the respective rating curves and then
solving in the same manney as before.

A series of testis was made for‘the purpose of
checking the accuracy of the righte-and left-hand
propellers in determining the velocity of translation
in the l2«inch vortex-tube, The comparison was made
by timing a piece of coal through the tube, Five
trials were made in each test and it was observed
that there was & wide variation in the time required
for the coal to move through the tube, The tests
showed, however, that in most cases the maximum veloecity
of the coal agreed quite closely with the velocity
determined by the right-and left-hand propellers, No
check tests were made on the smaller tubes, so it is
not known whether the velocities measured are acourate,
but it was observed that the velocities at the different
stations were quite consistent,

The rate of rotation of the water in the tube was

measured with a ball propeller in the same manner as the

tests made in previous years except that a larger pro-

peller was used, The ball propeller is shown in plate 3,
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This propeller was also used on a Hoff type meter,

The rotation of the propeller was unaffected by the transe-
lation veloeity of the water bedause only symmetrical
spherical surfaces were exposed to the water. The
rate of rotation could be determined also from the
observations with the right and left handed propellers
as a study of equations 1 and 2 will show. By sube
tracting the second equation from the first it is then
easy to obtain Ry= Ry = Rz’ which gives the rate of
rotation of the wa%er in terms of the observed revolutions
of the right-and left-hand propellers in the tube.

The results of the tests on the rates of rotation
in the tubes were computed by both methods, A comparison
of the results obtained in the two ways showed that in
most dnstances they checked fairly well. There were,
however, wide variations in some cases. In general,
it may be said that the largest deviations occurred
when the flume was submerged and the tube outlet free.,
There was also a tendency for the deviation to be greater
when the angle of the tube was farthest from 90 degrees,
No conclusion was drawn as to which method gave the most
accurate results, but as the use of the ball propeller
géve direct results it was adopted for making the study
of the rate of rotation in the tubes.

The observations on the rate of rotation and the




velocity of translation were made @a¥2two foot intervals
throughout each tube beginning at one wall of the flume
and ending at the other., In order to save time, all
the observations with each propeller were completed
before starting with the next., As the flow usual ly
remained quite uniform throughout the period of each
test it was thought that this expedient would not
affect the results materially.

The discharge of the flume below the vortex-tube
was measured by the 15-foot Francis weir in the weir
box. This weir was equipped with two hook gages for
measuring the head which read to the thousandth of a
foot. Readings were taken twice duﬁing each test and
the means were used in determining the discharge. The
water passing through the tube was measured by a one-
foot Parshall flume, The flume was equipped wi th a hook
gage reading to thousandths of a foot, similar to those
used on the weir. Two readings were also taken on this
gage during each test, The Parshall flume discharge and
the Francis weir discharge were added together to obtain
the quantity flowing in the flume above the vortex tube.

Staff gages were located in the flume above and
below the vortex tube for the purpose of measuring the

depth ot these points, A staff gage was also located

in the channel cerrying the water from the vortex tube.




The location of the gages is shown in figure 1, The
gages in the flume did not prove satisfactory because
the high velocity of the water made reading the water
levels difficult. Depth readings were taken also on the
floor of the flume at two foot intervals six inches
back from the upper lip of the tube. The average of
these depths was used in computing the velocity of the
water over the vortex tube and also the degree of sub-
mergence of the outlet of the vortex tube. The gage in
the outlet from the tube was in quieter water and conse=
quently could be read accurately,

Whenever the water was c¢lear enough to see the tube,
observations were made on the action of the sand in the
tube by throwing & shovelful of sand into the flume above
the tube and then watching to see whether it was caught
by the tube and if caught how rapidly it was carried out.
Quantitative determinations of the effectiveness of each
tube in removing sand were made on one group of tests in
each setting. In order to make the results comparable,
the tests were made under as nearly similer conditions
s to flow as was possible to obtain with the water avail-
able, The observations were made on the free flow, tube
submerged, and the flume submerged conditions. 1In making

the tests a definite quantity of sand was dumped into the

flume from a V-shaped trough which distributed the sand




uniformly across the channel. The trough was placed
twenty-four feet from the outlet of the tube at the
beginning when the tubes were set at right angles to

the axis of the flume and this distance was inereased

as the angle of the tubes decreased until it was 29 feet
when the tubes were at an angle of Sovdegréee with the
axis of the flume,

After dumping the sand into the fluﬁe a definite
period was allowed to elapse and at the end of this time
the sand remaining in the tube and that éau@ht in the
sand basin were measured, All the measurements were
made volumetrically, but care was exercised to see that
the determinations were made on uniformly consolidated
material,

There was at times some sand from the river running
in the flume. The amount of this sand was determined by
measuring the sand caught in the sand basin in a definite
time, usually 15 minutes. Each observation was then
corrected by a proportionate amount of this quantity

based on the ratio of the time of the observation to

the time of the test,

Results of Tests
The results of the tests are given in tables 1 to
5 ineclusive, The observations on each angzle at whieh

the tubes were placed in the flume are recorded in




Table _/ Vortex Tube Data. Axis of Tube at 30 Degrees with Stream Flow
Bellvue Hydraulic Laboratory 1933

Flume Mean Mean
Tube Critiocal HMean Maan Rota~- Trans-
Depth Depth Veloeity tlon lation
Wo, Sec-ft Sec~ft Percent Feet Feet Ft/se¢ R.P.M. Ft/sec

Test Condi* Discharge
tion Flume Tube

4~inch to 6~inch taper tube in l4-foot channel
176 FP* 2,97 1.72 3.3 .76 . 68 5, b5 683 1.20
176 T3* 50,45 .51 .74 . 69 £.26 63 .64
177 P3* 49.87 2.43 W73 1.03 3.45 40
178 62.568 1.73 .88 .74 6.02 74
179 2. 66 . 60 . 85 .76 5.97 53
180 61.76 2.6 .84 1. 20 3. 67 48
181 19.62 1.19 .39 . 38 3. 80 69
182 19,566 .37 .39 . 39 3, B4 46
133 19,36 1.88 .39 .61 2,26 28
184 19.23 1.16 .39 . 36 2. 87 70
185 10,23 .93 .25 b 2 &2
186 10. 21 .44 &5 3 2. 92 46
187 FS 10.88 "1, %6 .43 14
188 FF i R « 71 « 65 2 71
182 FF 3.92 1.

Rooks jump tude. Jand deposits betwesn Sta. O apd Z,
Translation plus and minus between Sta, 0 snd 2.

Sand deposits betwesn 3ts. 0 and 2,

Sand deposits betwesn Sta. 0 and 2,

Sand deposits betwsen Bts, 0 sand 2,

Some sand &t Sta. 0 and from 3 to 8, None at Sta.
Sand deposits Sta, 0 to 8,

Sand deposits Sta, O to 8,

Sand depnsits Sta, O to 7,

Tube a little more active than #181,
Sand deposits Sta. O to 4, From Sta, &
Sand deposits 3ta, to 8.

Sand deposits from ¢ to 11.
Sand deposits Sta, 0 to 2,
S8and deposits Sta. 0 to 6.
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6-inch straight tube in 14-foot chamnel
190 FF 77.80 1.80 .58 .88
191 S 77. 47 . 68 98 . B7
192 F8 76.49 2,68 97 1.40
193 FF 43,00 1.B2 « 67 « 60
194 T8 43,09 .79 « 87 « 60
196 FS 44,06 2,39 « 67 .98
196 FF 27,11 1, 36 .49 . 46
197 TS 27,18 13 .49 46
198 FS 27.19 2.07 <49 o 73
199 F¥ 100,71 & 1. 17 1.36
200 FF 88. 40 1,08 .95
201 TS 77.40 .98 .88
202 FS 76, 31 «96 1.43
203 FF 10,73 .26 <26
204 P 16,73 o & . 46 29
206 FS 10,67 1,49 26 .44
Table Z Vortex Tube Data, Axis of Tube at 756 Degrees with Stream

6~-inch straight tube iv l4-foot chanmel
206 FF 66. 62 1,94 3.0 .88 .79 5.96 67 1.90
207 78 65.76 .60 . .88 .80 5. 86 44
208 FS 64, 35 2,68
A ¥y 48, 31 1. 74
210 TS 48,07 .48
211 FS 47, 50 2.bl1

21z FF 26,39 1.45

Sand deposits in tubs Sta,
Send depositc in tube Sta,
Sand deposits in tube Sta,
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Table <- occntinued
Test Condi- Discharge ¥Flume Mean i Hezd
tion Flume Tube Tube OCritical Mean Mean Rota- Trans-
Depth Depth Velocity tion lation Tube

Seo-ft Sec-ft Percent Feet Feet Ft/se¢c R.P.M, Ft/sec Feet

LNOmMATKE

6-inch straight tube in 14-foot chammel (comtinued)

s 28, 54 .45 . Bl .48 4. 27 5 .91 .20 Sand deposits Sta, 0 to 6. Some jumps. Action falr.
FS 28, 20 2.09 .50 .74 2 10 Sand deposits Sta, 0 to 12, Catoches everything. Action weak.
FF 11,79 1.02 4 28 : 2 Sand deposits Sta. 0 to 6.
™ 11, 66 . 36 .28 Ly Sand deposits Sta, 0 to 2.
¥S 11, 64 1.48 1 .28 .35 Milltailings dsposit Sta, 0 to 11.

A,
D W b ("‘:

(=
«©w

6-inch straight tube in 8-foot chamnmel
FF 30,75 1.64 .78 . 69
TS 19,556 .42 2 «B7 .53
FS 18,867 2:21 s & 15 « 56 .70 : )
F¥ 42,17 1,88 = .95 .86 2o 22 Very active. Rocks jump over.
TS 42,55 « 74 . 96 i .2 : Action very good, somd sand jumps
FS 41,79 2.47 . . 94 1.06 91 7% . 45 Action good, no sand in tube, same

6-inch straight tube in 8-foot channel with lips

FF 31,02 1.91 6.2 .78 .74 b.22 b - pp

P 20,76 1.13 5.4 « 59 .58 4,48 : ; 26 No sand desosits, catches all,
FS 18.71 2,40 12.8 .bb - 3.12 1. 13 Sand deposits Sta. 0 to 6.

4-inch to 6-inch taper tube in 8-foot channel

¥F 18. 60 1,46 7.8 .56 .50 4,65 2 1,0 Action excslient.

TS 18, 59 .4l 2.2 1) « 50 4. 68 0 20 Action excellent.
FS 18,64 2.13 1l.4 .56 . 68 3. 40 5 1
FF 7.38 201 X7 .30 .28 3. 36 2 91 Lction sxcellent, Rocks jump.
T8 7.38 .41 5.6 . 30 .28 3.25 93 ' Action very good. Some rocks jump,
FS 8, 38 1. 75 20, « 32 . 47 2. 24 87 Sand deposits Sta. 0 to 5.
FF 61.69 2,15 . 1.8 1.31 6.95
s 61, 61 <97 1.22 - 1.10 7.00
¥8 68,60 2,78 1.18 1.33 5. 50
FF 34.76 1,81 : .83 .74 5.90
T3 34.98 .54 .84 o s 5.70
FS 34.84 2.41 { .84 I

-
:

Very active. Some sand and rocks jump,
Action gocd. Some sand and rocks jump,
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4-inch to 6-inch taper tube in l4-foot flume

FF 656, 32 1.98 3.3 .88 .81 Action good. Some sand jumps.

78 65. 60 . 66 .88 .81 - ) Action zood.

FS 66.22 2.96 .89 1. 60 ‘ 2

FF 46.34 1.78 .70 . 6B > Action good. Rocks jump.

s 46.08 73 .70 . 66 Fairly active. Rocks jump.

FS 43.36 2,66 .67 1.24

FF 31.66 1.b6 .54 .E3 3 Action fair.

s 31.51 .47 . 54 .51 . Action fair,

PP 113. 76 = 1.0 .28 27 3, 0¢ : Asction fair. Gravel deposits Sta. O to
3 11. 7% .37 .28 L7 3. 1¢ ‘ Action fair. Gravel deposits Sta, O to
F3 11.96 1.62 .28 .43 Action weak. Mill tailings deposit Sta. 0 to 7.

5 but not fine sand.
& but not fine sand,
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Vortex Tube Data. Axis of Tube at 60 Degrees with Stream Flow
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KMean 'san

Trans-
lation
Ft/ssc

Flume
Mean
Depth

Feet

Test Condi- Discharge
ion Flume Tube

Tube Critiocsl
Depth
Fest

R BDadta
riean nauLva=-

Velocity tion
¥o. ec-ft Sec~-ft Percent Ft/se¢ R.P.M.

6~inch straight tube in l1l4-foof channel

249
260
251
262
263
254
271
272
273
274
275
276
277
278
279

255
256
257
258
259
260
261

262
263
Z64
265
266
267
268
269
270

280
a8l
282
283
284

FF
TS
FS
FF
TS
FS
FF
TS
¥S
FF
TS
FS
FF
TS

FS

6-inch straight tubse

¥F
TS
FS
FS
¥F
T3
FS

6-inch straight tube in 8-fcot channel with
17.6 « 32

FF
TS
FS
FF
TS
FS
FF
s
FS

4-inch to 6~inch taper tube

F¥
T8
FS
FF
s

16.58
16.71
16. 556
3. 61
24,46
3. 28
98,02
96,63
92,88
48,76
47.76
45,08
29.89
30. 20
29,46

17,60
17.52
15, 69
12,56
7.32
7.33
7.38

8.09
8.00
7.30
15,90
16, 87
15. 80
64.21
63, 53
59,53

88, 66
82.04
77.92
50.21
49,93

1.18
. 40
1.74
1,40
Y
1.98
1.92
1o 17
Z,82
1.96
.61
2. 36
1. 60
« 40
2.04

1.29
.38
1.96
1,78
.80
. 36
1.82

1.42

» 18
1.58
i.79
o
2.02
2,70
1.31
2.94

2.22
1.34
2,67
1.96
1.17

()
RNOENMOO v

. 36
. 3D
. 35
.45
46
.44
1.156
1.13
1.11
« 72
o 71
.69

.52
IS

2
s VK

. b2

¢ & 9 6 & >
WHODNDNWOONMNOOM IO P

OHOO e B

« 33
. 33
. 54
.42
.42
.76
1.04
1.03
: o 5 |
.66
« 66
1.16
.49
.48
.80

in 8-foot channel

7.3 .53

2,2 .53

12.5 .49
14.2 .42
10.9 )

4.9 .30

20. 6 « 30

.31
. 30
.50
. 50
.49
1.26
1,26
1.20

2. 1,07
1.02
99
.74
.73

. 46
.46
.74
. 56
.26
o &7
.39

. 30
. 30
. 38
« 47
.49
.66
1.27
P §
1.88

1.00
.93

1.37
. 64
.66

>

-P-P.Nb:u
O o

oW e en

DO~
O~ OO

. .
=~ o

NP:F(\‘U!@GO?O‘{\:

o >
o ®

4,73
4,72
2,66
2.79
3. 47
3.43
2, 37

39
30
12
34
32
11
76
65
38
66
57
17
65
37
37

119
57
31
34

1566
55
35

lips level

3. 40
3. 33
2.43
4.27
4.07
3.06
6. 32
6.06
3.96

in 14-foot channel

84
27
T&

46
43

61
48

86
89
68
il

1,62
1.04
.70
1. 57
1.28

.

HFHEHEBEDMMN
VNP OMNMOO W ®
N OO OWO N W

Not very active but no deposits.

Action fair.
Action poor.
No deposits.

Slow action Sta. O to 7.

Water muddy.

Some sand col

lects 0 to 9.

Wot very active 0 to 4.

Sand collects in tube interfering with meter,

Sand running but tube clean,

Very active.
Very active.
Ko action Sta, O to 6.
Ko action Sta, 0 to 5.
Action fine,

Action fine--a little slow O to &,

Sand deposits Sta. 0 to 6.

Sand deposits Sta. 0 to 3.
Sand deposits Sta. 2 to 4.
Sand deposits Sta., 0 to b.
Fairly active, no deposit,
Action slow, rocks ¢ollect
Lction weak, sand deposits

Handling large quantities of sand from river.
Handling large quantities of sand from river.

Some rocks jump,
Somé rocks jump.

-

Act ion fair.

Sta. 2 to 4.
Sta. 0 to 6,




Table 5 ocontinued.

Test Condi-~ Discharge ; Flume ¥ean Mean Head
tion Flume Tube Tube Critical Mean Mean Rota~ Trans- on
Depth Depth Velooity tion lation Tube

%o. Sec~-ft Sec-ft Percent Feet Feet Ft/see R.P.M. Ft/sec Feet

4-inch to 6-inch taper tube im l4-foot chsnmel (continued)
F8 48, 84 4.8 72 1.04 3. 36 26
PE 27.27 5.1 .49 .44 4,43 82
™ 27.27 .49 .44 4,43 74
FS 26,15 2 .48 . 82 2.2 13
F¥ 12,78 « 30 &5 3. 67 82
TS 12.74 & « 30 .28 3,28 62
FS 12,71 « 30 . 36 2,52 18

1.48

1.04

29

1.34

.88 Aotion good O to 2, slow and sand deposits 2 to 5, excellent 5 ¢
e 39 Action sume as #289,

92 Fo action 0 to 8, feeble 8 to 12, carried only small amt. mill

.

o b e e
- . L] L] L]
~1 GO T

WOJOmWen

4-inch to 6-inch t=per tube in 8-foot channel
FF 12, 60 1.21 ¢ .43 . 37 4.26 161 3 ot Aotion excellent, Gcme Jump,
s 10. 56 79 . 58 .33 3.98 123 & Action excellent. GSome Jump,
FS 10, 61 1.71 . 38 . Bb . 38 32 Practically no action 0 fesble 4 to 6, good
¥¥ 20, 60 1,47 .89 « 50 b. 12 122 ! Aot ion excellent. Some Jump,
s 20, 69 .92 .59 « 50 5.12 89 ;
S 20.33 1.94 « 59 .70 3.61 33
FF 6.74 .84 .28 25 3. 40 146
s 6. 74 « 52 .28 .4 3.4 109 g Action excellent. Some
F8 6. 72 1.42 « 28 . D0 2.5 46 $ Sand deposits O to 6.
F¥ 64.76 2.21 1.26 1.08 236 2 i
T3 64. 71 1.06 1.26 1,09 119
F38 63. 80 2. 84 1.26 1.69 b3
FF 47.06 2.00 1.03 . 87 176 . 0% Action fine. Rocks Jjump,
b ¢ 47,20 . 863 1.03 .88 88 . Action fine but sand stops in cutlet.
F& 44.12 2,686 .98 1.68 64 Action feeble O to 5 but sand does not deposit.
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Table < Vortex Tube Data. Axis of Tube at 45 Degrees with Streem Flow
Bellvue Hydraulic Laboratory 1933

Test Condi-~- Discharge Flume Mean HMean Head
tion Flume Tube Tube OCritical Iean Mean Rota- Trans~- on
Depth Depth Velocity tion lation Tube

¥o, Sec~-ft Sec-ft Percent Feet Feet Ft/seec R.P.M. Ft/sec Feet

6~inch straight tube in l4-~foot channel
307 FF 26,57 1l.40 5.3 « 48 .39 4,856 88 1.82 .98 Action good O to 4, slow ¢ to 9, good 9 to 11, excellent 11 to 14.

308 FF ™.11 2.3 96 79 6.82 133 2,57 1.27 Action fine, some slowing up from 6 to 8.

309 T8 76.06 .89 « 97 .80 6. 79 113 2,2b o8 Action good but slows up 7 to 10 and at ocutlet,

310 FS8 74,563 2.88 .96 1.43 3.71 68 1.26 1.83 Action stopped 0 to 4, feebls 4 to 11, fair 11 to 14.

311 F¥ 47,03 1,90 X .bé b.956 115 2,28 1.03 Action good, least 7 to 9, most rocks jump.

312 TS 47,91 .76 .71 .58 5.96 96 2,00 = b Action good, slows down near Sta. 8 and at outlet.

313 FS 46,36 2,43 .70 «93 3. 58 29 1.08 1,33 Action poor, very fecble 0 to 8, better 8 to 12, good 12 to 14,

314 TS 27. 64 .94 .49 .4l 4,86 85 1,70 .26 Action good.
316 FS 27.46 2.06 .49 .61 3,23 19 . 89 Very little action 0 to 12, falr 12 to 14,

3 o

s
PO WN

N@or s

n 8=foot channel

1,84 1,31 8,27 206
1,54 1,33 8. 10 190
1, 62 1,83 E.80 i §
1.25 1,06 7. 50 254
1.25 1,07 7.38 181
1.24 1.48 5. 26 60
.90 .75 6. 51 2056
.90 o 76 6. 52 181
. 88 .96 4,95 35
. 68 . 54 b.46 163
.66 . 56 5, b2 166
.66 .84 3. 66 38
. 38 32 4.12 139
.38 o 51 4.18 140
e 38 3. 47 17

6-inch straight tube
316 F¥ 86, €9 2,82
317 8 86, 95
318 FS 88. 00
319 F¥ 63, 46
320 TS 63. 3b
a2l rg 62,45
322 FF 39.06
32 78 39,09
324 FS 37. 60
3286 F¥ 23.73
326 T8 24,67
327 F8 24. 49
328 FF 10,45
329 TS 10, 39
330 F8 10,44

aAction very fast.
Action very fast.

™
e

Very active,
Very active.

-
.

H'—-‘l—"l\ﬁl\)r—‘
"E"‘DONU"PPO'

L]
{ o
~

i
3
1
3.
3
2
4

OO ) =

Very active. Rocks and some sand jumps.

Very active but slows up at outlet,

Action slow, fairly good 6 to 8.

Very active.

Very active, slows up at outlet., Rocks Jjump,
Nearly no action except 7 to 8,

Lotion uniform amd excellent,

Action excellent

Action poor, only firne dirt carried out.

-

Pt 3
- L]
W\ o
]

@Boo o

-3
e

-
.

b-.l
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:em.ppmutso-mo-ammmwm

N OWw W0
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6-inch straight tube in 8-foot chammel lips level
FF 650.26 2.82 1.31 1.01 6. 24
7S £0,. 36 1.96 1.32 1.02 6. 16
FS 50,31 2,79 1,07 1.30 4.84
FF 32.34 2,36 . 80 .75 b, 38
TS 32,02 1. 80 o719 « 76 6.30
FS 31.11 2.48 s 18 .98 3.96
P 10,28 1.68 . 37 « 33 3. 90
s 10,14 1.21 .37 « 33 3. 83
FS 10,13 1.86 o7 « B0 2,53

Action excellent, catches everything,
Action excellent, sl ight tendency to slow up st ocutlet.
Action slow but nc deposite,

Action good.

Action fine 6 to 13,deposite at 13 but moves out,
Aetion slow O to 6, fair 6 to 8.

Action good

Action fair, slows up and deposits &t Sta. 4.
Practically no action O to 6, some 6 to 8,
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Table 4- continued.

Test Condi-
tion

No.

340
341

343
34
345
346

>

1

D
Flume

Seo-f

4-inch to

40.71
41. 63
38, 50
62, 10
62, 18
6z, 1<
23,70
23,68
22,81
10, 63
10, 61
10. 46

ischarge Fl
Tube Tube Critical
Depth
t Sec~ft Percemt Fset
6-inch tsper tube in B8-foot
.93
.94
.89
1.23
1.23
1.23
. 65
. 60
. 63
. 58

2.14
1.14
2,48
2,48
1.46
2,89
1.63
.99
“, &8
1.14
. 8%

1.77

& o0

L L )
COAROPpIx

(= &gh‘;:

(-

-
owmo

Lo

. 38

—

ume

Yean

Depth
reat

ghammel
P 4 4

ean

Velosity
;‘:51’393

6. 64
6. 57
4. 79
7.35
Te O%
5. 44
&.68
b. 59
3. 3L
4,25
&, 28

3. 27

4-inch to 6~inch taper tube in l4-foot channel

F¥
18
F8
F¥
s

J=]
ie

54,07
53,63
bz, 46
19,12
19,11
18, 86

« 77
=
.76 i
« 39
.39
. 38

1.96 .6
1,30 .4
2,44 o
1.15 «0
.93 o9
1,92 10.2

. 62
. 64
.06
o DR
. 32
«61

6. 18
6.04
3. 64
4,24
4. 20
2.21

Mean
Rota~
tion

D y
g5
e 4 o

183
221

%R
N

Z17
<56
6l
150
179
<5
110
i04
13

128
140
40
98
97
13

iean
Lrons-
lation

¥t/aec

O Ro
~g vby
e 4D

™ 2] -
e 90
e &

« 70

1. 92
1,85

i.19
=
30

1. 40

-y Wis

P
. O

1.08

fair O to 2,
dotion very good, slows at
Very active, some sand jum;
Action very slow C tec 7.
Action good, sand jumps only at
Action excellent, some sand Jjump
Ho action,

Very active,
Action very good, sane sand Jumy
Action very slow.

,'j.

gravel juwnys,

to 6, fair 6 to 8.

poer end,
0 to &,

[=2Y

fairly active, a iittle slow near center.

iction fulr, slow 4 to B8,

Action weak,




Yortex Tube Data, Axis of Tube at 30 Degrees with Stream
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Test Condi- Discha ¥ lume
tion lums Gb Tu { Lisa - ¥ fgar . frans=- or Hemarks

364
20
366
367
308
369
370
371

6-inch straight tubs in l4=-foot chanmal

80, 77
&1, 37
£d. b
37,01

O, &

1.94
LY Lé
P v
1,63
i.12
5 |

. 74 + D2
o ID « D4
Pl g o 97
. 60 )
. 80 - %,
« 09 e 74

h straisht tudbe in 8-foot chamnel

e 4 &
-

. 9D

.y

o

oL

o0

lige

oty

2.38
i, 38
Iy

Lo I°®
- .L)a
1,23
Lo hZ

1,49

h
©

e 97

{e 3
4,56
6. 80
6, 86
e &)
o, 66

.
) WO
-3 i

C N Q.-
» L ] .
e e B
St M,

i7

W & ¢

£.561

iction govd, some
Uniformly fairly

Action slow, sard
m

’

active, some
active, s8¢
CTAAR

sand

& lowar

gané lost.

slcws down at 3rd points

-

Do WL

"
C

o

L ]
Lol ol ¢

®

372 FS 2,00

d

aizht tube in 8-foct channsl with 1lips

3

<73
374
376
&76
377
378
379

380

4-inch tec 6-inch taper tube in l1lé-fol

¥F
8
Fg
¥F
me
.

«Q
o

*;5
3&
77
87

&7, 36
39,02
29.61

ors s &

bl o
o o
-:gdl

o T
ki o 9l)

2. 73
1. 74
2,56
1,80
. 4B
<.16

" vy
o ¥ ¥

L. 12

l.04
« 99
a Go
g WK
1e 33

” Y

O

1.88

12. ¢
1

6.9
4.5
6. %
‘\-

12, 6

4.1
<5
£.6
.9
A

G. 9

. 80
« 62

.63

.49
. 49

. &9

.86
.86
1.24
o719
« 74
91

. B2

£. 80
£, 66
4. 58
E. 54
5. 17
%, 16
G, @2
4. 40

b '
3. 20

t chammel

6. 3&
. O&
J.61
6. 70

£. 61

%, 18

o3

MOr~ T Oo@COW

ol ol 0 5 B o

go0d, but lsss than

active, no
active.
active.
active,
active.
active,
Action poor, s

deposit,

daposit,

deposit.

i deposits.

¥airly sctive, some gand jump

Letion good,

inactive at 3, 6,
Very active, slow
Slow place 4 te 6.
Active at places,

74, and 11,
place near '3ta. 6.

inaocti ve betwesn.

with drop. Catches sand



Table /5 oontinued.

Test Condi- Discharge ¥lume Mean llean
tion Flume Tube Tube Oritical Mean Mean Rota- Trana-
Depth Depth Velooity tiom lation
No. Sec~-ft Sec-ft Percent Feet Feet Ft/sec R.F.M. Ft/sec

4-inch tu 6-inch taper tube in 8-foot channel

38.70 - 2.28 5.9 .90 . 66 7. 33 272 2,68 Yary active,

38. 40 Z 3.2 .90 « 87 ! ; 242 2.89 i ¢ Yery active.

38. 20 .89 1.16 2 41 1,00 Acticn slow, no deposits.

29, 60 .76 B3 j & £66 2. 68 ! Very active,

17.49 .53 - 37 161 2.27 5 Very sctive, csrries large rocks,
17.07 53 .38 ) 162 Z, 24 6 Very aciive, carries large rocks.

17. 62 « 53 5 5 f . 20 . 41 2 Aotion pocr, sand deposits,

28,92 .74 b . 245 2.54 28 Very actiive.

28.76 .74 .70 5 88 2. 18 1 17 Action poor, saund deposits Sta, 11 and

388
389
390
32

392
333
394
395
396

[
L] L] . -

NP ae
T OCw

e el B BB R Bl
20U W

s
L]

¢ FP stands for free flow; TS5, tube submerged; and FI, flume submergzed.
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separate tables, but the data on the straight and teper
tubes for all flow conditions are combined in each table,
The flume discharge given is the sum of the Francis
weir discharge and the Parshall flume discharge. The
tube discharge is the guantity passing through the outlet
of the tube into the auxiliary channel to the river. It
was measured by the one~foot Parshall flume in the outlet
channel, The percentage of flow passing through the tube
is the ratio of the discharge of the tube to the total
quantity flowing in the fume msa-urid in percentage, Both
the flume discharge and the weir discharge were taken from
discharge tables computed by the formulas for the respective
devioes.

The oritical depth given in the tables is a limiting
condition of flow, For each quantity of flow and each
width of flume there ie but one oritical depth., It is
that depth at whioh the velocity head is Just equal to

one half the depth. The values given in the tables were
\!iii?-in whioch d, is the
&
oritiocal depth, Q the discharge, T the width of the flume,

computed by the formula 4, &

and g the acceleration due to gravity. All the unite

are .in feet. These values are given beocause the critical
depth sesms to be a definite line of demarcation between
satisfactory and unsatisfactory action of the tube, When
the depth is less than oritical the aotion ia generally

quite good and when it is greater than eritical the




-1de

action is poor, The mean depths in the tables are the
means of the point gege determinations parallel to the
axis of the tube and 6 inches from the edge of the lip.
Vhen compared with the critical depth they show whether
‘the depth is above or helow eritical and indicate whether
the action of the tube will be satisfactory of not. The
mean velocity in the tables is the average velocity in the
flume € inches back from the 1lip of the tube, It was ob-
tained by dividing the flume discharge by the product of
the width of the flume and the mean depth.

The mean rotation is the average of the observations
on the rotation of the water in the tube made at two-foot
intervals with the ball turbine. In a few instances the
ball turbine was too large for the small end of the taper
tubes. The rate of rotation derived from the right-and-
lef$ hand propellers was used where available % supply the
information lacking. Otherwise the portion of the tube in
which measurements oould not be made was eliminated, The
mean translation velocity is the average of the results of
the observations made with the right-and-left hand pro-
pellers at two-foot intervals on the velocity of the tube,

Before the emall diameter propellers were made, obssrvations
could not be taken in the small end of the taper tubes bee-
cause the dismeter of the propellers was greater than the

diameter of the taper tubes st this point. The translation
veloeity in the smwall end of the taper tubes was small




relative to that of the outlet end and for this reason
only the portion of the tube in which observations could

be made was considered in determining the mean velocity.

The head on the tube is measured from the level of

the water in the flume to the level of the water in the
outlet channel, The level of the water in the flume was
determined from the meen of the depth readings oh the lip
of the tube and the level of the water in the outlet channel
was obtained from the mean reading of the staff gage in
the cutlet channel., The difference between the two means
referred to the same datum is the head on the tube, This
difference is significant only when the tube outlet is
submerged, It is obvious that when the tube is flowing
free that the distance the water level in the auxiliary
channel is below the bottom of the outlet tube will have
no effect on the discharge through the tube,

Under "remarks"™ are given the observations on the
action of the tube, These observations were made with few
exceptions whenever possible, but when the water wes muddy
it was impossible to see what was going on in the tube.

The study of these data indicate:that there is a
tendeney for the rate of rotation and the velocity of transe
lation to increase as the angle of the tube with the axis
of the flume decreases, Casual comparison does not, however,
show that there is any appreciable difference between the

straight and taper tubes, The data on the operation of the
23




-] B

tubes show that the aotion is good when the tube and flume
are operating under the free flow sondition and that 1t ie
also good under ordinary conditions of submergence of the
tube outlet. Retarding the veloocity in the flume seems %o
inhibit the sction in the tubes, Comparison on the basis
of the eritiosl depth in the flume shows that the action
i{n the tube ie good when the depth in -the flume is less
than eritical, and is poor in most instances when the

depth is greater then critioal.

The variztions in the results obtained are brought

out more clearly by the plots of the data, fisures 3 to
12, which show the variation of the rate of rotation and
the velooity of translation with the velocity in the flume
for esch setting of the tubes. The observations on the
different types and lengths of tubes and the conditien of
flow are grouped together and are indicated by different
symbole, These diagrams show in general that both the

rate of rotation and the velocity of translation for each
setting of the tubes increase with the velocity of flow

in the flume. They show also that the rate of inorsase of
these factors with the inorease in velocity in the flume
inoreases as the angle of the tube dqoreases with relation
to the axis of the flume. In other words, for a definite
mean veloocity in the flume, the rate of rotation and the
velocity of translation inorease as the angle of the tube
decrenses. Thare are no consplouous differences shown

by the different c-nditions of flow by the plots
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except that the data for the condition when the flume was
submerged are on the lower end of the group of points, and
the data for the free flow condition are on the upper end
in each plot,

“¥8 was thought that the rotation in the tubes might
be cause& by the water in the flume sliding over the water
in the tubea in such & manner that the water in the tubes
would act as a roller and consequently would have a peri-
pheral speed equal to or approaching the velocity of the
water in the flume, The comparison of the average peripheral
speed of the water in the tubes with the velodity of the
water in the flume was made for each test, and it was found
that the peripheral speed of the water in the tubes was much
lower than the velocity of the water in the flume being less
than half in most instances., In general, the peripheral
speed increased as the flume veloeity increased, but it was
80 much less that it is doubtful whether the rotation of
the water in the tubes can be attributed to the sliding action
of the water in the flume,

Comparison of the results of the rotation tests on the
straight and taper tubes shows that the rotation and the
translation are approximately the same for the 75 and 90
degree angles. For angles less than 60 degrees both the
rate of rotation and the veloeity of tramnslation are faster

for the taper tube. This would indicate that the taper tube

is more active than the straight tube, This superiority is




not shown by the tests on the erriciency-or the tubes in
removing sand, It should be pointqd out that the tests on
the 90 degree angle ana some of those on the 75 degree angle
were made with the five-inch propellers whereas the remaine
1ﬁg tests were made with the four-inch propellers.

 The data were plotted also to show how the action in
the tube varied with the mean velocity in the flume at
various depths., All the data where observations as to the
activity of the tube were recorded, were used. The obser-
vations were classified as "good"™, "fair," and "poor.," No
distinetion was made between the straight and taper tubes,
but the observations on the l4-foot channel were separated
from those on the 8-foot channel and the angle was indicated

on each plotted point. The results are shown in figurel S,

The curve drawn in the figure is the critical depth line.

This line divides the plotted points into two groups, To the
left of the line are the observetions where the action of

the tube was poor and to the right are those where the action
of the tube was fair or good, For some reason there is a

zone along this critical depth line where there are no points.
This is probably owing to the faet that 1% is difficult to

run water at the eritical depth except where a control ocours.
The plot shows also that the higher the velocity is at any
depth, the more active the tube becomes., Another thing shown

is that these volocitioe increase as the angle between the
48
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tube and the axis of the flume decreases, This may be ceused

by the fact that the tube acts as a spillway which would temd

to speed up the water, The smaller the angle, the longer

the tube would be, and consequently the longer the spillway
also,

The percentage of water passing through the tube into
the auxiliary channel varied with the condition under which
the tube was operating, The largest percentage passed throughys
the tube when the flume was submerged and the tube was dise
charging under the freeflow condition, The smallest percent-
age passed through the tube when the outlet was submerged
and the flume was operating under the free flow condition,
When both the tube and the flume were operating under the
freeflow condition, the percentage passing through the tube
was intermediate between the two conditions mentioned pre=
viously. The extreme range of percentages for all conditions
was from 0.8 to 21,6, The large percentages were for very
small flows. In most of the tests the percentages passing
through the tube were definitely under 5 percent.

The data on the observations on the efficiency of the
tudbes in removing sand are given in table 6, The table shows
the conditions under which the tests were made and the re-
sults of the tests., It will be observed that the tare
corpected in accordance with the time required for the test

was all subtracted from the amount of sand passing through




=20=

the tube. Some @fshe sand remaining in the tube probably

ceme from that carried by the water from the river and

should have been deducted from the amdunt remaining in the
tube. Since there was no acourate method of dividing the
tare between the two amounts, all was subtracted from the
amount of send passing through the tube, as this would be

the least ravorable to either condition. A large amount

of sand remaining #n the tudbe would be just as unsatisfactory
as to have a small amount of sand pass through the tube,

The data in table 6 show that generally the largest
proportion of sand was removed when operating under the
free-flow condition, and that the least amount was removed
when the flume ves submerged, When the .tube outlet was
submerged, the amount removed was about the same as when
operuting.undor the free-flow condition, The data show also
that there was little if eny difference between the results
obtained with the straight and the taper tubes, but the 8«
foot tubes removed slightly more sand in proportion %o their
length than the l4-foot tubes, The angles of the tubes
apparently did not affect the results except when the tubes
were at right engles to the axis of the flow,. For this
condition the tubes are definitely less efficient than
when set at a smaller engle, The results of the observations
made when the lower lip of the tube was at the same elevation
as the upper lip are conspicuously better than those for any

other condition, BEven those tests nade when the flume was




Table (-~ = Summary of Tests Showing Percentage of Samd Removed by Tubes Under Different Conditions

Date Condi- Type of Tube Flume Discharge Ratlo Diff Flume In 1
tion Width Flume Tube in Velo- Time Dumped Tube Tare

Head oity
Feet Sec-ft Sec-ft Feet Ft/sec Min Bkts Bkts B3I Bkts

.29
.00 .29
.00 .29
3.00 .07
.12
.07

8.8 .61 4,79
4.7 .40 4.75
12.6 . .31 3,94
3.2 42 4.3
6.3 1.03 2,92
4,1 1,14 4.20
4.1 1.14 4.14
1.40 5,58
1.39 b5.3b
1.16 4.41
.38 4,16
1.19 3,00
1.10 3,98
1.10 4.05
.34 4,32
.15 3.12
1.04 4.06
27T 4.26
1,16
1.12
1,12
«26
1.16
1,14
« 30
1.16
.94
.20
.86
1,00
24
1.29
1.00
.12
1.14
1,06
1.20
1.13
.26
1,42

7/24/33 12" straight, 90° 14 48.24
7/24/33 " 14 47,29
7/24/33 " 14 47.46
7/81/33 4"-6" taper, 90° 14 38,12
7/31/33 g 14 34.39
7/31/33 " 14 35,92
7/31/33 . 14 36,92
8/2 /33 6" straight, 90° 14 74.28
8/2 /33 F " M oTLI
8/2 /33 " 14 43.26
8/ 5/33 g 14 34.94
8/ 5/33 " 14 34.40
8/10/33 6" straight, 76° 14 31.73
8/10/33 " 14 32.36
8/11/33 " 14 38,72
8/11/33 " 14 32,34
8/15/33 FF 6" straight, 76° ¢ 19, 49
8/15/33 " c 20.47
8/15/33 " o 19. 65
8/16/33 6" straight, 75° 18,567
8/16/33 " 21,97
8/16/33 " 21.18
8/16/33 " 21,74
8/22/33 4"-g" taper, 75° 21,85
8/22/33 G 21, 69
8/22/33 " 21.44
8/24/33 ¥ 4"-6" taper, 75° 13. 40
8/24/33 - 12.48
8/24/33 ¥ " 7. 67
8/30/33" FF 6® straignt, 60° 25.96
8/30/33 " 25.43
8/30/33 " 24,92
9/ 5/33 6" straight, 600 ¢ 16,26
9/ 5/33 ! " ¢ 16,61
9/ 5/33 . c 16. 36
9/ 5/33 o c 16.09
9/13/33 ¥l straight, 60° 33, 32
9/13/33 " 36, 58
9/13/33 " 36, 66
9/13/33 » 36,05
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Table &

) C

9/16/33
9/16/33
9/16/33
9/16/33
9/19/33
9/19/33
9/19/33

10/10/33
10/10/33
10/10/33
10/10/43
10/17/33
10/17/33
10/17/33
10/17/33
10/19/33
10/19/33
10/19/33
10/19/33
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32,418
22,47
21.96
22,09
22,00
a0, 37
30,76
23,83
30,83
57,16
£5. 94
68. 19
54,49
43, 32
43,79
44,07
42,682
42.74
46, 33
43.77
42,39
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Table ([~ ocontinued

Date Condi- Type of Tude Flume _Discharge Ratio Flume Diff Flume Thru
tion 7idth Flume Tube Depth 1 Velo- Tube
clity
Feet Sec-ft Sec-ft ‘eo Feet Ft/sec Bkts Fercent
3. 80
3. 61
3.17

o
-

~3
o

» O o
b
~ W

_‘hm

10/23/33 ' 6" straight, 30° 43,05
10/23/33 " 42, 90
10/23/33 ¥ " » 2,156
10/23/33 ¥ " 8 42,22
10/27/33 FF ~4"-6" taper, 300 41, 39
10/27/33 1 . 42, 30
10/27/33 " 41,96
10/27/33 " 42.49
11/ 3/33 4"-6" taper, 30° 28, 89
11/ 3/33 28,73
11/ 3/33 27,46
11/ 3/33 28, 49
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Noteo'—

FF stands for Free Flow; FS, Flume submerged; and TS, Tube submerged.
Amount left in tube from record of free flow test.
Two minute interval betwecn dumping of first and second half of sand.
Upper and lower lips level.
Time interval est imated.
Records taken from test following,
Sand dumped in slowly.
Set same ss suceeding free flow runm.
Sand came is so fast it clogged outlet.
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submerged show a high percentage
sand ,

The data in table 6 have been plotted
which shows the percentag
set at different angles.
of flow, type of tube
shows graphically the facts brought ou
data in table 6, and in addition it reveal
vations are distributed with reference
of sand removed Nearly all the
of the 50 percent line and a large number
beyond the 70 percent line,

These data show clearly that under proper co:

the tubes will remove 80% of the bed-load and if

are installed, the second tube should remove 80

of the remaining 20 percent or

of 96 percent which would be ver

based on the assumption that the

tube is Just as easy to trap as

Summary

The method of using

Hoff meter to

consistent

not, however,

visible




with the observations by the propeller method,

The average rates of rotation in the tube by the ball
turbine checked the results obtained by the righteand-lefte
hand propellers quite closely when the tubes were set at an
angle of more than 45 degrees with the axis of flow in the
channel, but the agreement was not so good when the angle
waes less than 45 degrees,

The rate of rotation and the veloeity of translation
both inereasse as the velocity increaeses and the rate of ine
erease is greater as the angle between the tube and the axis
of the flume decreases,

The velocity of translation and the rate of rotation are
slightly higher for the taper tube than the straight tube,
particularly when the angle between the tube and the axis
of the channel is small,

The tubes are most efficient in removing send, when
operating under the free-flow condition, that is, whem both
the tube and the flume are flowing free. lNoderate submere
gence of the tubes has little effeect on the efficiency, but
submerging the flume reduces the efficiency materially,

The tubes are most active when the depth of the water
in the flume is less than critical, The percentage of water
passing through the vortex tube veried with the conditions
but for most of the tests it was less than 5 percent,

The straight and taper tubes are about equally efficient

in removing sand. Raising the lower lip of the straight tubé,g'

3 ~




however, materially increases the efficiency of the tube.

The angle of the tubes apparently has little effect on

the efficiency for angles less than 90 degrees, The efficienoy
at the 90 degree angle is definitely less than at the other
angles,

Under proper condition, the tubes will remove from

70 to 90 percent of the bded-load carried by the flume,

Recommendations

As a result of these tests it is recommended that
observations be made on the effect of ralsing the tubes so
as to reduce the depth at the tube and to increase the
veloeity., It is believed that more tests should be made on
the effect of changing the level of the lower 1ip on the
~efficiency of the tube,









