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Tha problem of preventing sediment from deposgiting in a
‘canal and choking it is ome wnich is frequently encountered in
the dazlgn and operation of irrigation and power canals. Varicus
means have been devised lor trapplng the sediment once it has
entoered the cangl., Ono system which is galning increasing usage
in the Unlited States and in Mexico and South Americs is the
vortex-tube used eilther slone or in conbination wilth rifile
deflecbors == the design being originated by Mr., Ralph L,
Parshail:=n {1), {2}, The vortex tube consists of an chnnuop
tube placsd across tho bottom of the canal, The tube ig placod
in s trancverse dirveciion to the flow cither normal to Lt {909
or a2t some other angle dowm to 30¢. To conbtrol the rats of
Tiow outc of the tubso, the dowmetrsam end is regnlated by &
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valve., The uppor portion of the tubs ig cut away in order
roc ive the sadiment o o trepped, As the watey passes ovaes:
the twbo, ; the open poxtion sets up &
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vortsx nufﬁ-w within thae tibe whiich wna suf"l«lwﬁt veinnlty Lo
Iv'ﬂvnnt iodcine of sadiment of songiderndie 3ton (3=in, aobbles
Nove h.w,g, 9 u,nj;“".;."”_!:ly trarped a4t crrpieod t Jr “ Guj,n,, tuheal,

In ordar toe abtaln rore complete design information for the
vortex tube; s ganaralized research preogram was set up by the
anmnisr author under tha direction of the junior author, Ths
Intluenss of sndimen+ oscncentration, flow conditions, and tubs
ailre and arrangement wora Lnvestipated.

Dimengional Anelysis:

As 8 guide to the desirable range of varlables, s dimensional
analysls was made of the provlem.,’ The varlables describing the
channel and tubs are the width b ;, the tube diameter D , the
angle of inclination of the tubs © , and the difference in 11p
elevation p . The variables describing the flow are the depth
d , the mean velocity V , the sediment concentration € the
extractor ratio R ; and ths efficlency of trepping E . The
vater is described by the density ,2 , the dlfference in spscliic
weight of the watser and alr AY , and the viscosity .« . Tas
sedinent may be descrihad by the denslty ,2 ; the fali valociily
w oy the sedinentation umeme;nr S . and rhe standerd dsvis-
tion ¢ of the fall vsloclty or the sedimenteation dlemetere
These varlables may be ocwpressed In a general funcvicn asd

By chocsing D, V., snd 2 as repeating varisdley. dimensionsi
anz2iysis 7lelds:
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nisghor o 0,02 fa. Jower than the upsitreon 1




T2 determing the Influence of flow conditiens upen the
apsration of the uba, the wvelocity was varled from 1.3 fps
to 5.5 {ps, sand the dapth was variaed from 0.2 ft, to 0,6 ft,
Thia gave e range of Fpoude muniber of from 0,5 to 1,5 where
Ffr = V

Vird

From the forego no limitatioqs9 Eq. 2 was simplified to

R - éj 5'9 29 C, Fp i (3}
the Roynold®s nmumber being considered relatively insignificant in
the immediate vieinity of the tube b 6 , L, S  and g~ being
kept constant throught ths tests, » ~3 7 D°? S

- Although the authors recognized that the effect of the
ReJrolds number cannot be considersd entirsly insignificant
(because of its influence on the profile of the aoproadu ve1ocxty
and the distribution of turbulencs), it was considered of
sacondary limportance since essentially all of the material was
found to be movinhg as bed load under conditions of maxirvui
efficlency, Wit th this assumpilon, the velocity profile
influences oxly the rate of rotatlion of the vortex in the iube.

Prelim’navy tests indicated that for maxlmum efficlency the
two lips of the tube should bo kept at ths uame o1vvua503 S0
that Eg. 3 simplified to
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upgtream jaarter point,; axtended Lo ths upatreamn and of the
tubeag arsd than contimued down gtream to abont the canter of
the tul.e. 1n this condition khes dsungbream half of the tube
did not <leg but acted ag s slulece with i1ittle or no vorklieal
astion,

Reference to Fig, 1 shows that for concentrations less
than the critlical concentratlons just named the efficiency
remained essential]y constant, For ¢/D = 1 the constant
efficiency was 925, for d4/D = 2 it wat 76%, and for &/D = 3
it was 659, This eliiciency decrease with increased depth
probably reaulted frou the greator quantity of sediment
belng moved and the increased percentage in suspenslon with
Inereased depth veloclty.

Fig, 2 is a plot of efficfenoy v*alnsc the veloc*ty I&Li
VAJ wlth sediment concentration C = O, 1% for various values
cf relative cepd& d/D; extraction ratioc q 9 and Froude number
Fro This plot shows thet as the Froude rax oer changess from
1,0 (either an increase or deovﬁaee‘ the efficiency always
accreayeso Thereiore, most of the sbtudies were made with
Fr = 1 ~o the condition for iwum efficioncy. Fo» the

lower valuaes of Fr the vo"c;cal actlon was poor end mateprial
wen deposgited in the tuve, Vhen this Frovde memeer wvatk groaie:
tham cone; tho ted load wae carrled over the tnba opaning.

'ige 2 also shows that as ihe veloclty of Flovu incrsases
relative to the fall veloclty the efficicney ig gensrally
redursd, Thla apparanitly vesulis from an Ilacreass in the oz
sent of sediment inm suepension uaersoy *“éucinw Win Ood lead
evallabls o e trepped 3 2

for & given value of
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gedinmant Louid fall Antos the fube an?t a4 smaller value woulid
exlst for v/, , ~ay 26, By dscreasing v/, from 19 to 16,
the efficiuncy {u-: ases trom 75% to 82% but this indicates
a nenexistent charn, . 1o 4/0 as well aa an increase in the
extractor ratic,

When p/D = 0 , materisl is deposited in the tube if
the Froude munber is somewhat lesa than 1. This ie noted in
Fig. 3 as the zons of clogging,

Sunmerys

When the concentration of sand or bed load in a canal
was excessive, the vertical action in the vortex tube wes
destroyed end deposlticn in the tube resulited, leading to lecw
efficiencles, Slightly better efficiency was found for
veines of Fr greater than 1 than for values lesg than 1,
snd the critical depth {Fr = 1) gave the highest officiensy
wnen p/d = O, Lowering the downstream lip of tho tubo
seemnsd to have the disadvantage of allowing the bed material
to be carried cver rather than falling into the tube whei
Fr = 1, As the downstres) 1Lip was lowered, increasced
efTicloncy was attained with Fr less thaan 1. Efficiency
increagaed wilth relative tube size,

. Pewrshall, R. L. Control of sand and ivwian
tion powar, and mwnleipa2l wabter supp Colliss,
Cecloradn, Debeter 1923, 10 1. tymo

in £ii33 in U, S, Soil Conseurve
&t Morl Collins, Colorado ageiculiup

.2¢ Rohwer, Carl, and oitnais, Vortan~tube sand trap
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1l -- Efficiency as a function of concentration

Fig.
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Fig., 2 -- Efficiency as a function of velocity ratio v/,
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