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Th� prohlem of preventing sediment· from deposi ti.ng in a 
·cana.l and choking it is one which i.s frequently encounterod in 
the dealgn and operation of irrigation and power canalso Various 

mean� have been devised for trapping the sediment once it ha.s 
entered the csnalo Ona system which is gaining increasing usage 
in the United States and in !•!exico and Sou-th America is tb.e 
vortex= tube used either alone or in comb:lnation. 1-ri th riftle 
daflecto:r:•s == the derdgn being originated by Mr., Ralph Lo 
Pm"'shallo\H:* {1)� (-2)" The vortex tube consists of an op0n·"top 
tube placed across tho bottom of the c 8 ..... '1a.lo The tube is pJ.at.::od 
in a tr·anevEJrse din;c(·'i.on to the· flow eithe:r- normal to lt; {90,;:1} 
or at some other a...Ylgl.e do·Hn to JOC, To control the r·ate of 
flm..r out of the tube:J the do1.rr�st1:o0&11 end :ls rs&,"Ulated by a 
vn.l v0 o T. !e upper portion of the tube is cu. t &..Hay in order -;;0 
roce.ive tha sediment to be trs.pped() As the �va'u.el"' passes O\tG;.-
the tubo., a. slwa��Jng action ac�·oss the open pox·tion sets up �:l. 
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w:-t·t.�x: ':\\)t),,, ·,.t_lt"/·d !·.: t.h.:· t.·"'.•t'l. ":htd. ·-\11·:-< .f/uf!'li!i��!l, v�: t�lr..y to 
!' ·.v�·Ht. _;_ .... . ).�:1.�;' (·!' 8BdtJtltJ!lt �'"lf" �nr��lckrlli.>lf" �1.:>,0 (J .. ln.o GQbbl('\U 
h:::v·� �1•'-'.1-C :-.· J!·,·.::"·•:�'-·11.17 t:.rrl;··p··d -J:1,! r. rn·�·jod. '·Y li 6-=in., t.n.h�)c 

ln ord8r t•) ("·bta1n rrtortt comp1ntl) d�sit:;n tnfot"'tTTation foy• the 
vcn•ta.x tt.ibep � g·�r f'rr·nllz.tHl r·Asf:B.l"�h program was set up by t;he 
S'ln'L:�r· a.uth )r U11d':11:" :-.h) dlrecti.on or th� junior a.uthO!'o Th(� 
lnfl.w�nc-:• <"�f sP.d.tmertr �onr:ontration" flow condltlons" J:l.nd tt1be 
ni?.e .q,.r,-:1, f.J..t•:t�a.ngement �.� ,.. r'ft 1nv B$1 tlg.A. te.do 

A:t fJ. gltlrle to the desi:r•able range of variables .9 a dimensional 
anP...lyH1s wag tn:lde of the problema' The variables describing the· 
channel a.nd tube are the t.J"idth b ,1) the tube diameter D 11 the 
angle of inclination of the tube 0 D and the diff'er,ence in llp 
elevation p o The ·variables describlng the flow are the dept:h 
d 9 the mean velocity V v .  the sediment concentration C J> t:b.e 
extractor ratio R v and the efficiency of tr�pping E o The 
\-rater is described by the density r:> � the dlfferGnce in speci.:L.ic 
tv-ei.ght o:r the '1..-Ja ter and al:r 1\Y D and the viscosi -y ,.i� o '11!1\;:, 
sedimen!:; may be descrihe by the den::�!. ty 1P.s a the fall ve!.oc:!.ty 
w or .the sedi.r.lfmta tion dit::.:i!e'cer S r. and tl'".i.e standc.rd de viE'.-' 
tion 0" of the fall velocl ty or -ti.10 sed.lmc�te.ti.on diame'Ccz•o 
These va.riab es -:-r.·.ay be. o:q)J:>Gssed i.n a e;.ent:n�al fu.nct:ion a:;;g 

u.� P.? 

By c�.l.o'�sir!g D� v., S"..nd /o as r>epe.�•.v ng var:tnoles;; climen.si.Dil.::�.l 
ane.l--sis �rield 
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v 
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t-gd. 

As �.,_ fl:t:"i3 t s-te1; a tu.be of Ot 2 f;;.o die.,�et::..r ua� t:�.ed n:t e. L!:..,o 
angl . e, :r:o�s tile oottc�n o;,' a 2�··fl:: labo:•::l_'i.;o.c��r fhEEG,. �h0 e} ::;�.-,:. . . 

tio._-( of tllr.:'l d.ol·Jln t:f'foc:.n lip of 'lh.e 'cub8 'lti<W '.7 a:!' ie�l f"F"'L'i. 0 ·2 02 ;·,·· 

h1.gl'!OZ" ��0 Oo02 i'(':� JOH'G:C J�b2.11 the l..�ps't1'G2.' .. l l:.Lp" 

St.:JJ_c· l1a"J:.11f� '-· 1;:. �: .. : .. :! di .. 2.!il�3t.erJ of Do? r:1�::. alJ.1 o. E.:!z�� ��·�J.:.@;·8 cf 
ft?O£U 0 �1�- t' :,.� j� ri·cn ·v!t.·l�; �J. t.i.�:},:it!coc1 fr.�1�" --J::1 .. "'·i).,S�" Ll.�Jzt.::-:.�2 .. :11 sc1 �t_;,_t 

.. ·t� 1:·o�!J d. al:' tc; or1 1�-l-�o 1:J�::-. ':>f t)l1s 1"'l1L.r..;) �\�hc··,-:t 5:\.: �2��cr.:c�l t�_.e 
, , c�·""s } .... l"\�· -<�---

·
--�·-�·"'\, . . .... -.:::�-. .. ..; < " -, ... �. -1 r. "';�-: -�-
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T·� dt�·t,_-rrr;.irv� th•:'< 1lti'lni:1nc;e of fl�::.w <.:,.)ndl tiona upon t..he 
t'p1:!":-J.tio:n vf thro :.11b�� t.I,e; ''t:lloc.1 ty wtl.S varied from lo3 fpt� 
tCJ So5 ips;> H.ntl th<� dApt..b wo:3 'I a:r•it�d from Oc.2 ftc to Oo 6 ft.� 
Thle gav�:: e r.nngttl of' F'1.oou.df! r:nnnh()I• of fr-om Oo5 to loS where 
.Fr ;::; v 0 

Vtf.d · 

From the foregoins limitations� Eqo 2 was simplified to 
1 ( ., � . . \ 
� 3 : ljo D '-� C � F � : (3) 

the Reynold g s 
the :L"":lmadia te 
kept constant 

\ ·' 
number being considered relatively 
vicinity of' the tube b e 9 _e 
throught t.'l!.e tests o D ' .,..,s ·' 

insignificant in 
S · and tT' be:i.ng 
D I S 

Although the authors recognized that the effect of the 
Reynoldi:! number cann.ot; be considered entirely insignificant 
(because of its influence on the profi�e of �cno approaCh velocity 
and the distribution of turbulence)fl it was considered o:r 
secondar-y -�mpol"ta.nce since essentially all of the matoPie.l i>Jas 
fou.nd to be movin.g as bed load under cona.i tlons of rnax.l.mv�di. 
e.fficlene ·o \-Jith this assumption,\) "t.Y).e valocit;y pr-o.f:I.le 
inf'luencHH; o:r.U.y the rate of l"ota.tion of the vort<;ix :tn the ·i;ube-. 

'1'11-e t-EH::ts uh5.cl:z. U&l�o ru.£\de fop ec;,ua]. l:i.p evo..lua.-;;.ions &.::'� 
:7.- !Y.lr1Q{•:!.zed in Tl).blc 1 �mel �hmm gl.�s�p�·:dcc>.lly in the f5.e;cn•·0s ;� 
F i ,., ·· ., J".·c::> � pl� ·- of "'·�e e·r{'J-· c·i -=·1"'" '"" ..,s ..... .L.r.>1.•nr······, .. � ,., o·1' +-i-, e c'" ··c···-,;·h-�.,o •- ... .._,.. �.. V lJ J. .l.. -- . - V - .1.\.; tl Q� C4 � t.� li -V-J. ..... \.J - - 'J,,__ .,.._ ...... 

t:r a tion of sedii.i1Gnt fC:l" ·v-a:.."i01.18 d�}pi:;hs of flou i'!hGl".!.. Fl' �� 1 oG 
( c:-elti r.w .. l f1m-.r) o F:-;:'..:>m thl� f:l,surc i·c may be se0n t:D.c-.:0 E-.:3 '--� .. c-

.. J • :1 b . . • • ·. t' "' ,. "' f' • • C'o - -
co:nc3n·c:;.....,acl..on .L!lcr·eases ..;:;yon'-1 a C; ::n'·c 2.J. n po:;.r.�J · r1v ..::·_ · :..e·;_ .... :;.; ::...,· 
dec:r."'ea::,es 1"2.�:1.cU:;-ro By obse::.�ving tho to�:-c::-; �' one couJ.d �2:8 ·c�c :- ,; 
t!)#is r=ec1l).ct;��o�� :�e�1�u1.t tSd f:t,o�·J pJ .. 1,.£g:l.:o.£� c�f tl:.e ·�illl>e �J·� � ·trt.o 2 s�,·-�.: .. J 

'J• e->···i·: ... 1 •.• ,.-j w-i�'lf'l' � ·,'- ·:-�t.-.c. ·' · p '!; o fns'" (J'r� .;..'!· ·"'" -� -: - "0"'1 c.. :-, ,-, c""·,��"j �-;-1 ''·.;····., l...! A' -· -J.-_ . ........ _0 �J � ) • .J v ... � v Cl. -· V L:J\. •• - .t. v ..... ...,._. ._., \:.i t-.J • ..:L.- .. "' ....... ""., . , .t./ 0  

· Thi � �Q· o5.nt of ::t•aci.uct::-=j�'.!. occ·,n"l'Gd at u co:(l_ccn·cpat.i o:n of a:)o·l<: 
0 h ;xl .:::.0 .,... -;r � 1 0 2 rye;/ ...... . .. , �;n ;;-; "') - a·· rl 0 1 ?d ;"' "'> ' "" ij'J-) ·--· .. 

o�jl') ..t.. .... .s..1 iO .:- c:. ,c -· .l (..'. J.. l .. b .!.""'..,. o ..- ,10 -v• <..... ,.-t:. 

lis t1:l·;) c1.J:�J·Ctl o:f fJ..Dt.·r 1ru::L��v.f�zcl. fo�\� E: gl\;·:;!-!. C011��::rG: .. ::8:G:Lon� t--�.:..3 
:cP .. te of �·e d.:l.�·,�e�J.t. flt)t.l:· :t1.1�r.3 l;� sc.c1 b·�·:; ·cr.le ct:...:)E10i t-;�r of ·c��.e ·ci.:��:.; 3 
did not inora&�e prcp0rtion��e . . y rosulting i� d�crG2Es& 
ef'i'ic:tencyo 

'1.:�.:."'�� }Jx� inc-. 2 .. �)3:� l\)B.:�" ():e 'bt.,{l I.c-e.r j)8��·c t:l1.;::"! ·Gu�J.. (;cc·�-t..�:�r:;.::J. �"'-r�· 
·i-'A. <I ' 1' :""0.- ·�··· .., .. ')· ,... 0 .! . ...., ..... (:1 o'/' �-"(· .. . . . • .. )'?r"·-·r •·-r-":'"\'t."t(_t'"\ c·-;-...::.---t �- .... � ..... • 0 ...... 1 --- ,...... r .. � .... l'") , ... ...... . I..J.:. ..!. .... � q ... t· . .!.. v'....·� J.-' lJ,.lJ.�.·-.J .!... v.L.\U L· .�:.•.s.�' .. ·V.· .. -·\....· !.. ;,.;._;.;_., --·,_;vt.J-' ... . 1.. . •• · v �o- � ' -: - · ...... tJ·-' 

o.i� ·ct.!�� c.o:·�c.o::.t.i�r�;::�·f.;:�.oil �- :;,., f'.! .. 0:;- e0--": . .: .. :�-·�;i·,�;:.ls o 'l'}_q) ,IO.!: �:l.c��-1 c.s·t�i(:;:_ 
a:;�,<J��l .. CJ·j. -;..JCJ b{� SV!:! .. 'J �-.=-; z.:� -� (��:S-�.i���·i;;�;c1 c.·t-; ·G!>:.,r-��J :)c..·:lJ.1·G�! �il':� ��0::-.-: C.� 
·t-:1 .. 7} s..t�J.J_ � t_,�\.Z· ;.-,l!.rc:; .. 1 t _ _:o,_::..�_, o . .t� tli..:- t,:.".!.J3o ..;:.'�:. ]_G.-�: l=-e::.c"�· ... �_;_t�s �.;.)-.. -� ·. 
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upstt"f.L3.fn '-J•l:A.rte.r• point� extend":�d t.fJ t.ha �..tpstr-�mr; end of' t1te 
tllbo,g 1-U,.-) .hr1n continuod d..:,\>m �t�l't!iW\ to 'tbnu.t. tbf:l cente-r of 
the tul�oe> lu thl� condit!>tln !-.hi'; dr.;wnstr(�atll hnlf of the tube 
did not clog t•t-4 t; qo ted a&-. ·� slui�P.t w1 th li ttl €! or no vor tical 
a.�tj nne 

Reference to Fige 1 shows that for concentrations less 
thPJl the critical concentrations just named the efficiency 
remaJ.ned essen·tio.ll y cons tanto For d/D = 1 the constant 
efficiency was 92fo� for d/D � 2 it wa� 76�D and for d/D e 3 
it t..ras 655to This rd'f'i.ciency decrease with increased depth 
probA.bly reaul ted f'r0\'�1 the greater quru1tlty o:r sediment 
being mcnred and the increased percentage in suspennion with 
incl:'"eased depth velo ci tyo 

Figo 2 is a plot of efficiency against the velocity ratio 
v/w »ith sedL-nent concentration C --= Ool% for various values 
of relative depth d/D� extraction ratio q 9 a�d Froude no�ber 
Fro This plot shows the.t as the Froude T1U.;.i1ber change3 f'rvm 
lo 0 {either an lncreas0 01� deo!�ease) the efflciency ahrays 
d0c1·e�se::s o Theref'or·e �l most of' the s tucli.es Here made i·li th 
Fl� :� l ...., ,:, the condi '�ion fo� maximum e.ffic lency o Fol'" the 
lo·Her valua.:� o:r F:r the vol�t·· ce.l act:lon vras UOOl"" e.:._d materia). 
w·ao deposited in the 'b..l!)e(J \'lJw:n tc.H) Fr.>ou.c.a- .i:ll":.ii!ber.• tT' !� gl"G.2.'CtY.• 
thB.m ones the bed l.cad. ·,ras c:?..>. ... r·ied ove1.'b tha bib(� o�Je:;::!.ing o 

Fic;o 2 also sh!)HS t.n""'"t as the veJ.ocity of fJ.o�-r il1c.�. s&sGs 
rel at_ ... vG · o the fall veloc:l.t;y ��"t:l.e effi c:i .. snr;.y is ge .'<�i--c:.lJ.y 
r ·. ou ;:. ::;.d o Th .s ap·oo.r'cmc1·.r r sults fror11 2.Y! .:.::1c::_•e.":\s'"' i.n ti.:.J:: -vs.:.'--
1•0 �· (" {' '"' •" di• � .-::- �-. "- ;,n < •1.1 <-'p� • • : ·• ..; ,. ., " ·"' "" " '"· 'oy "" -' 6" 1 0 -� .,.,r:, �--�r. · · L· ,� : c"·(.� ..,�-.1.-t. J-.. .:..., "'-' .�.u,,.a..Lf..f' ...b .;;,') , .. o..r """'•�.&·J·-4 ,...,.�· - v ..... .. .. � .. .11.5 """'·· -' -' ;:.;� - -c.. • 

avG.lJ.n�:>J.� to be tre:-pcdo A:::J the veloc:L·�-J r2.t:...r.:> d.ec::·sG...:..J8 
f'o,.., ·� rrJ.· � ·r · - - .,V u•!\ o·P ,.,/D -t· � e ·'"'.:"-i c ·· -Y"', ...... , ."'\� .• -... · · o c� ,... n h .·-.. r. <·, .._'"', .. - .o. d. c• " <::l.d d. '� •• ..,) f) v J. \0• • .t..J.- .!. '::; L1.v ,; •.,. (.. : -;:- .: • ., , • •.. U• .. n:. <.L •••. -.; 
" .L.r.- , ... ,.,o�., '�o·t>{·;c.,·L ;,. ,.. :>o:"' � tb t..., . �,�-' V $:' ...,. ..... v -.. (.,._ C-� .._. • -� .J- ri. .- ..., � -' J \.L ....,. ..; O 
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sed.im�lnt ····u.1<.1 -�-all .:tn· .� 

ox1 st f«Jr v,A J � .-.a.y JJ�o 
the efflciuncy in··: · 'J . • se,'j 
o. nonexistent chant· · tn 
extractor ratlco 

the tube �.rd .q srrJB.ll�u· va.lue would 
By �i0cr·•�nsLng 'tf/r . .�.�· .f.rom '19 to 16\l 

from '751o to 82% t>u.t this indicate� 
d/D -RH well !3� 1Ul increase in tha 

When p/D = 0 � material is deposited in the tube if 
the F:roude number is some1.-Jhat less than 1(1 This is noted in 
Figo 3 as the zons of cloggingo 

�J;�� 
'Hhen the concen-tration of' sand or bed loa.d in a canai 

was excess! ve::J the vertical e.ction in the vortex tube 1vs.s 
destroyed and depos:lt:ton in the tube resulted� leading to lcv.r 

.efficiencies o Slightly better efficiency was .found for 
ve.:..ues oi' F!" greater than l than for values le�s -than 1£� 
and the critlcal depth (Fr to"': l) gave the highest; ef'fic:i..encJ· 
v.ri:J.en p/d ::: Oc L01-.J6l"ine. the do·t-J 1str•erun lip of the tubs 
seerrtSd to ha\re the disadvantage of allo-vrir.g the bod mf!.tel"ie.:�. 
to be carried over ra the:;:< t.,_e..n falling into the tube v!ho.n 
Pr :;;; lo As t ... e detm.s-trcCJr:l lip 111as lo1."01"'CQ9 hw:r·eused 
e:f.Tici91ley u;;.s attaincw. with :S:'r• loss tl:a:;.-;. 1., Eff':'Lc:i. cncv 
:tncrGas�rl �,r".th r·elati ve t-u.be size o 

Pe .. J:,sllaJ.l.� Ro Lv Co!·1tr(Jl \:>f �f-!.1'!��- ancl. st�c1i:ttl2!�·c :�.J.1 ix':e:i sr�·.: 
t .. O!l ::;JmvRr·., C-tnd :r�.".t�Ytc:�·.p2.1 t·!UCe.r. Z'!..l.:.Z>y_':_ioc.•.:. PC:t"�l. ColJ.:::--:_�� 
Co1o:::-rcc�.) ... Oc. tobor 19 33 o -18 � c t�;-p._. t:':i:,:L;·c::.no 

In fiJss :i.n U o S() So:i.l Cor�.sc:.·vr.:;:;i 0:.1 L:;�:>·v·J..c:e c-Zf·l· . .;) 
<"•t Ti'o· t '"" 0 1 -L .... .,, .... Cr .. , ·] :""'o. � ,- N ......... a rr·�·j ,.,.- ,j Af. , .., _., .... , � � �--.t-...... �,-.. -.1�- ,., -.\• r )�-': .... .. . � 
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