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Yaree elope because the drop over the tube deore~aed w1tb. the 

diameter of thet taper tube. A water-tight bulkhead wae built 

between thet upstream and the downstream floor in order to 

ellmtnate the poaa1b111ty of leakage under the tube. fhe 

bulkhead was moved to conform to the line of tb• tube each time 

the angle of the tube setting wae changed. Plate 1 la an 

interior view of the flume . 

The w~ter discharged from the vortex-tube was t aken through 

the wall of the flume through a hole out on the rlver side . Thie 

~ater was oarried by a ohannel to a stilling pool about 4 teet 

wide ~~d s t~et long ~1th ita bottom 11 i nches below the level 

of the channel . 'l'het sand oarr1ed out by the vortex-tube was 

onught in this box . After passing through the stilling pool the 

wr.ter was m~a.aured by 1!. one-foot parshall flume which was attach­

ed to the downstream e1de of the box. The lower en~ of the 

PRrAhP..l · !lum~ was connected with a 1~• tile-line whioh oe.rried 

the wate7 baok to the river. A general v1ew of the arrangement 

ia shown 1n plate 2. 

The runount of watetr in ths flume was re~-ul!'lt4d by the 

ftl\n~got~ and the wa.atewA.y at the upper end ot the flume . The 

mB.x1mum bead thr.t 1.t was poABible to draw throut~h the ennd­

gate was a~~roximAtely 100 oubio fe~t per seoon1 . On some 

or.coeton!l the water supply in the river available for the 

t~~ts wa~ not su!f1o1ent to provide a satisfactory depth 

in the v-f~. 0 t flume . Under these cond1 tione the width of 

the r 1 uoe was narrowed to 8 te-Jt by installing a partition 

f c et from the river aide of the flume . Ir• order to hP.Te 
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com11nruble f'J't~1o ~Jidt:hs ror all aettinr;s ot the tubas, it 

wan decided to test ~-he tubes in both widths of the flume 

oven though suff1c1c~t water was nvoilablo tor the 14- toot 

f}.une . The .. n:'lth or the ':!Ater flOYiinr, in the flume was 

oo1:trolJ.ed by a bullchol\(: w1 th flnr;hboards and a screw­

Cftte as s·:.<,wn in fi,~·.lre 1. The level in the discharr:e 

chanr;el fro:-.;. the vort::n: -tulle Tla..s re;;ula tc:J by flr.shboards 

at the point in.lic:.;tcd in the firure . 

The vorto~-tuten tested ~ere o:r two typos: One with 

a uniform (.~iar:1cter throur,hout and the v t her ~;1 th a taper 

section deere< sing an tl:e .astanco fron tl1e dischnrr:e outlet 

1ncrcusod . The first tests '.'.oro nade on o. 12-inch di8.Illeter 

' otrni: :Lt tt:.he , but 1 t 'fiRS Jiscovcred that the diaChf\rgo 

throl4;.)i thin tube WQ:t too great to be OOOnOr'11Cally feasible, 

oo it wns decided to use smaller tubes . For the straight 

tu:.o5 a. G- inoh dio.r1oter was ohoson and for tho tapGr tuboa 

o. G-1:~oh din.meter we.s adoptod for tho outlet end and a 4-

inch d1::mctcr for the small end ot the tubes . Seot1ona of 

the tubes nre arovm in f1~o 1. Theso same Ciameters wore 

used regardless or the incrense in length of tho tube due 

to chor~eing the uncle or the setting . When the flume width 

was reduced to E roet tho tubes we~e not chnngod . The 

partition was built across tho tube and the hole in the 

tube was stopped by a plug nt the partition. 

Method or Conducting Testa 

ThG obs~rvationa on eaoh tube at each setting were made 

to cover ao wide a range or discharges as was poaoible with 
r 
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the water available in the river . Ee.oh setting was usuall y 

tested at four different quantities of flow and tor eaoh 

quantity the tube wae tested under three different conditionlh 

One teet was made with unobstructed flow in the tlume and 

free discharge from the vortex-tube . This was designated 

e.a the "free-flow" condition . One teet was made with 

unobstructed flow in the flume , but wi t h the disoharge 

from the vortex-tube submerged . This was known as the 

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

the flow from the tube tlhobstructed , but with the flow 

in the flt~e retarded by the flnahboards and regulating 

gate in the bulkhead . This was known as the "flume sub­

merged" condition . The degree of submergence adopted 

during enoh test was det.0rmined by observation of the 

aotion or the tube . In each case the submergence was not 

increesed beyond the point where some action was still 

shown by the tube . 

ObservA.tions were made on the velocity of translation 

through the tube nnd the rRte of rotation in the tube . The 

quantity of water flowing ovor the tube and that discharged 

by the tube were ~ea3ured . · The depth or water upstream and 

downstream from the tuba and in the outlet channel from the 

tube was determined . In addition visual observations were 

1~ade on the action or the tube and quantitative measurements 

on the sand removed from the flume by tho vortex- tubea·on 

one series or tests on each tube at each setting . 

During the tests made previously , the translation 
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·vol oc 1 ty in tho tube \:a::J lot·.:·r::n1ned by the re. te or travel 

or l)oo:max b(~lls el LUng on tight \vires loon tod. n t the 

a.xi :J ~~-r th~ tuba . This net hod. \7aa round to be unsatis-

r~ otory ~10CI;'..l.'C or t!;t~ friotional rocista.nCO Of the ball 

on the ·,·ire ~111d a.l:;o "toc.:une ot the uncertain action of 

t:1e bnlJ et lo\v velocities . Several methode ot improving 

tho nec: 1.r lc:.; or thc.:o :-1en.::;uro::1ent::: wcro considered. • but 

1 t ·.ms finally ~1.·'e;L~<1d to ~se t~ a"'t'nll nettlr with special 

rro~nll :rs . It 1:; o~~ious, since the water in the tube is 

r~~t_·,ti ... ~-· ~.t t-~,e st-:.n-~: t!.mc it 1;.; ~1cvin.s tou-ard tho outl£~t , 

t[-r. t ~::': o:· 'ir.~:ry :pre-p ell· r ~ct r .·111 not :~~eaaure the 

vr~ lr.l<.d ty ~ 1 r:·. ctly . '1'::; cvorcc::J.e this jifficul ty a. rie;ht­

e..n-.1 ~- 1;-ft-h-:-.r..d :;rcpcllcre \.'3r£.; InnC.c for tho Y'lC3tor 1 one of 

wJ-.1 ch rc. ;i::-' t· rei t~ c r'.:)tL tion due to the vcloci ty plus the 

rot:;t.ion c.;··us.:d. by tlw :.:;:'iral r:tctior. of the wnter and the 

ot· nr or •:. ich ~~~·.:·-.r~~i t:-:e rot:. tier. -~ue to the veloc1 ty 

: J Lus tr:3 rc.; t>t i0n l:aU~-c(:. b;r the spiral motion or tho water. 

The ~:1ctcr, · ' ich is or t:.e IIoff t~·po • nnd the propellers 

nr8 shca1m iL pL.\ te Z . 

The two :~ro-,cller~:; 'W ... :-e ::u·l~C ns r:..er;rly ,.icienticnl ns 

:·o;:·;i'\:>1~" e;·r.:r.:r·t Fat the ;;-itch cf t:-:c 0:1e WUD the 0!'l:"OS1to 

of tJ1e :'j teL of the other . It D· Olll3 :..·t.usonc.ble to unsume 

tJ1e!. that t:·c ~;~·irnl ·:otion uf the water in tho vorto-x tube 

1rill accnlBr··+ o ·~~.c :-ot.··:tion or or.o propollor just ns nuoh 

fl3 1 t retor-.2.s the rot~·t ion or tho othor . Hence tho following 

e~uot1ons rosult : 
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the propeller was repaired did not agree with tho 

previous rating . Apparently some change una made 

in the meter when repairing it . The velocities for 

the teste made under this con~ition wero approximated 

by converting the observed rates or rotation i nto 

velocity from the reapective rating curvaa and then 

solving in the same manner aa before . 

A series of teats was made ror the purpose or 

checking tho accuracy of the right- and lett- hand 

propollora in determining the velocity or translation 

in tho 12-inoh vortex-tube . The comparison was made 

by timing a piece or conl throu~ft the tube . Five 

trinls were made in each test nnd it was observed 

that tbero was a wide variation in the time roro.uired 

ror the cool to ~ove throup~ the tube . The tests 

showed , howevor , th5t in most oases the mnxtmum velocity 

ot the coal agreed quite closely with the volooity 

determined by the richt-nnd lert- ho.nd propellers . No 

check tents wore made on tho smnllcr tubes , so it is 

not l:nown \.:bother the velocities neuaured ure accurate , 

but it was observed that the velocities at the different 

stotions tiore quite consistent . 

Tho rate or rotution or the r.ntor in the tube waa 

1"'1e£Hmred with c. bull propeller in tho sr·no nnnnar as tho 

tefits made in previous yoc.rs except that a lnrr,or pro­

p.-;ller wan uaod . The bo.ll pro.peller is a hown in pln to 3 . 



- 9-

This propell~r was also used on a Hoff type meter . 

The rotation or the propeller was unaffected by the trans­

l ation velocity or the water bedause only symmetrical 

spherical surfaces were exposed to the water . The 

rate or rotation could be determined also from the 

observations •ith the right and left handed propellers 

as a study or equations 1 and 2 will show . By sub­

tractinc the second equation from tho :first it is then 

easy to obtain Rr: R1 - R2 , which gives the rate of 

rotation or the water in terms or the observed revolutions 

or the ri~ht-and lett - hand propellers in the tube . 

The results of the tests on the rates of rotation 

ir~ the tubes were conputed by both methods . A comparison 

or the results obtained in the two ways showed that in 

most dnstanccs they checked fairly well . There were , 

however, wide variations in some cases . In general , 

it may be said tliat the l<•rgest deviations occurred 

when the flume was subnerged and the tube outlet free . 

There l"tas also a tendency ror the deviation to be creator 

v1hen the antle or the tube was farthest from 90 degrees . 

No conclusion was drawn as to which method cave the most 

accurate results , but as the use or the ball propeller 

gave direct results it was adopted for making the study 

or the rete or rotation in the tubes . 

The observations on the rate or rotution and the 
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velocity or translation were made at2two foot intervals 

throughout each tube beginning at one wall ot 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 usually 

remnined quite uniform throughout the period or each 

test it was thought that this expedient would not 

affect the results materially . 

The dischnree of the flume below the vortex-tube 

was measured by the 15-root Francis weir in the weir 

box. This weir was equipped with two hook gages tor 

measuring the head which read to the thousandth of a 

root . Readings were taken twice during each test and 
• 

the means were used in determining the discharge . The 

water passing through the tube was measured by a one ­

root Parshall flume . The flume was equipped Mth a hook 

gage reading to thousandths or a root , similar to those 

used on the weir . Two readings were also taken on this 

gage during each test . The Parsnall flume discharge and 

the Francis weir discharge were added together to obtain 

the quantity flowing in the flume above the vortex tube . 

Starr gages were located in the flume above and 

below the vortex tube tor the purpose or measuring the 

depth r: t these points . A starr gage was nlso loaated 

in the channel carrying the water from the vortex 'tube • 
... ~f':'l. . 

... 1) ~ ~ 

. ' )~ 

'" 
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The location of the gages is shown in fi6ure 1 . The 

gages in the flwne did not prove satisft .. ctory because· 

the hich velocity or the water made rending 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 or sub­

mer~ence 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 . 

;;henever the 'uater was clear enough to see the tube , 

observations were made on the action or the sand in the 

tube by throwine a shovelful or sand into the flt~e above 

the tube and then watching to see v:hether 1 t was caught 

by the tube and if caught how rapidly it was carried out . 

Quantitative determinations or the effectiveness or 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 similar conditione 

cs to flow as wna possible to obtain with the water avail- ~·. 

able . The observations were made on the free flow , tube 

~ubmergod , and tho flume submerged conditions . In making 

the tests a definite quantity or sand was dumped into the 

flume from a V- shaped trough which distributed the sand 

,-r 
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tube and the axis or tho tlume decreases . This may be oaused 

by tho fact that the tube acts as a spillway which would tend 

·to speed up the water. The smaller the angle, the longel;" 

the tube would be, o.nd consequently the longer the spillway 

also . 

The percenta~e or water passing through tho tube into 

the auxiliary channel Tar1ed with the condition under which 

the tube vaa operating . -The largest percentage passed thro~~~ 

the tube when the flume was submerged and the tube was dis­

charging under the rreetlow condition . The smallest percent­

age passed through the tube when the outlet was submerged 

and the flume was operating under the tree flow condition . 

When. both the tube and the flume were operstinE; under the 

rreerlow condition, the percentage passing through the tube 

was intermediate between the two conditions mentioned pre­

viously . The extreme range or percentages tor all conditions 

was rrom o.e to 21 . 6 . The large percentages were r~r very 

small flows . In most or the tests the poroentages passing 

through the tube wero definitely under 5 peroent . 

The data on the obsor,.at1ons on the otfioionoy or the 

tubes in romoving snnd are given in table 6 . The table shows 

the aond1t1ona under whioh the testa wore made and the re­

sults or the tests . It will be observed that the tare 

corvooted in mccordance with the timo required tor the t0st 

wns all subtracted from the amount ot sand passing through 

~t.j- I 

' 





Table b Summary of !l!ests Showing Percentage of Sand Remo•ed by 'l'ubea Under Di!terent Condition• 

Data Oondi- Type of Tube .Flume Dilcha e Ratio l!'1ume Diff l!'1ume In 'fhru lfet in Thr\4 

tion Width Flume Tube Depth in Velo- Time Dumped Tube Tube Tare Tube Tuba 

Head city 
l''eet Seo-i't Sec-i't .I!' eat Feet l:'t/eeo llin Bk.ts Bkte 3kts Bkts Bl<:ts ieroent 

7/24/33 FF* 12" straight, 90° 14 "'8.24 4.24 a. 8 .72 • 61 4.79 8 6 6.33 • 29 6.04 84 

7/24/33 TS* lt 14 47.29 2.23 4.7 • 71 .40 4.76 8 6 3. 9 2.00 .29 1.71 28 

7/24/33 i'S* " 14 47.46 6.00 12.6 • a6 .31 3. :.4 8 6 3. 0 3.00 • 29 2. 71 46 

7/31/33 TS 4 .. -6'' taper, 900 14 38.12 1.23 3.2 .62 .42 4. 39 9 6 2.03 3.00 • 07 2. 93 '*9 

7/31/33 FS " 14 3'*.39 2.15 6. 3 • 84 1.03 2.92 16 6 4.3 1.10 .u. .98 16 

7/31/33 FF It 14 36.92 1.48 4.1 • 61 1.14 4.20 9 6 2.0 2.96 • 07 2.88 46 

7/31/33 11 ... 14 36.92 1.48 4.1 • 62 1.14 4.14 15 .12 

8/2 /33 i'F 6" straight, goo 14 74.28 1.80 2.4. .95 1.40 5. 56 16 .49 

8/2 /33 FF .. 14 71.10 l. 77 2.6 .95 1. 39 6. 36 16 6 .7 3. 67 .41 3. 26 54 

8/2 /33 l!'i' tt 14 43.26 1.52 3. 5 • 70 1. 16 4.41 15b 6 • 7 3.70 • 41 3. 29 65 

8/ 5/33 TS " 14 34.94 • 76 2.2 .60 • 38 4.16 10 6 l. 3 3.40 .27 3.13 52 

6/ 5/33 FS " 14 34.40 2.16 6. 3 • 82 1.19 3.00 20 6 ·"' 2. 00 .54 1.46 24 

'•· 8/10/33 FF 6" straight, 76° 14 31.73 1. 61 4.8 • 67 1.10 3. 9a 16 .03 
" 

8/10/33 FF " 14 32.36 1.61 4.7 • 57 1.10 4.05 9 6 .9 3.~0 .02 3.88 65 

8/11/33 TS tt 14 3a.72 • 82 2.1 • 64 • 34 4. 32 10d 6 .a 4.10 • 02 4.08 6a 

-,5 • 8/11/33 FS .. 14 32.34 2.12 6. 6 .74 1.15 3.12 15 6 3. 2 2.40 .03 2.37 39 

8/15/33 l!'F 6 .. straight, 750 c 8 19.49 1.79 9. 2 • 60 1.04 4.06 10 4 .o 3. 62 .02 3.60 90 

8/15/33 TS •• c 8 20.47 1.12 5.6 • 60 • 27 4.26 10 4 • 1 3.80 • 02 3. 76 94 

8/16/33 FS .. c 8 19.65 1.68 a. 6 .76 1.16 3.23 10 4 1. a 2.10 • 02 z. oa 5'' ~. 

8/16/33 l!'S 6" straight, 760 8 18.57 2.11 11.4 .71 1.12 3. 27 90 .02 

8/16/33 FS " 8 21.97 1.65 7.1 • 62 1.12 4.43 8 4 0 3.30 0 3. 30 83 

8/16/33 TS " a 21.18 • 43 2.0 .61 . 26 4.34 10 4 • l 3.27 0 3.27 82 

8/16/33 FF " 8 21.74 1o48 6. 8 • 61 1.16 4.46 10 4 0 3.12 0 3.12 78 

8/22/33 FF 4''-6'' taper, 750 8 21.86 1.64 7.0 • 62 1.14 4.41 8 4 0 3. 36 0 3. 36 84 

8/22/33 TS .. 8 21.69 .50 2.3 .61 • 30 4.44 5 4 0 3.2.2 0 3.22 80 

B/22/33 FS " 8 21.44 2.20 10.3 • 77 1.16 3.48 13 4 .75 3.03 0 3. 03 76 

8/24/33 FF 4"-6" taJ,>er, 750 14 13.40 1.09 8.1 • 37 .94 2.59 1b 6 .25 4. 8fS 0 4.8t Bl 

8/24/33 TS " 14 12.4a • 45 3. 6 • 35 .20 2.55 10d 6 1.15 4. 05 0 4.05 67 

8/24/33 l'S " 14 7. 57 1.42 18.8 • 33 .86 1.64 18 6 4. 32 1. 3E 0 1. 3!:. :.:2 

8/30/33 ' F~' 6" straight, 600 14 25.96 1.43 5. 5 • '*9 1.00 3. 78 15 6 0 4.87 0 'z.87 81 

8/30/33 TS " 14 25.43 • 37 l. 5 .48 .24 3.7a 15d 6 • 50 4.70 0 4.70 78 

8/30/33 FS " 14 24.92 2.05 e. 2 • 80 l. 2'3 2.23 28 6 4.05 1. 30 0 1.~ Z1 

9/ 5/33 FF 6" straight, GOO c a 16.26 1. 85 11.4 • 50 1.00 4.07 10 4 • 0~ 4.02 .03 :;. 9 'J 100 

9/ 5/33 TS .. c 8 16.61 .70 4.2 .53 .12 3.92 10 4 • 32 3.58 .03 3,55 90 

9/ 5/33 l!'S .. c a 16.36 2.00 12.2 • 67 1.14 3. 05 17 4 1.50 z. 34 .04 :::.30 58 

9/ 5/33 F~' •• 0 8 16.09 1. 78 11.1 • 52 1. 06 3. 87 15 .0<-r 

9/13/33 .Ft' 6" stra18h t, 600 14 33.32 1.59 4.a • 61 1.20 3.90 10 6 5. 4::. .03 f .• 3~ ~0 

9/13/33 FF .. 14 36.58 1.6a 4. 6 • 66 l. 13 3. 36 15 .25 

9/13/33 TS .. 14 36.66 .23 • 6 • 66 .26 :;. ·n 10 6 1.2b 1.20 • 17 1. 0 3 17h 

9/13/33 t'S •• 14 35.05 2.17 6.2 .94 1.~ 2.66 lf. 6 4.40 1. 40 .25 1.Hi 19 
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