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SYNOPSIS
Heliealecozrugated, standardecorzugated “nd smooth 12-inch
dianeter pipes were tested undoer vagving regiaes @f.tatv“ sediment 30350

Tae pipelines weze 1C0-ft iong, set 2t zero slope, with piezongters
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located en 10=f% centers, The sodinant
0,20-mm and C.65-nm, Bydzaulic geaddent, discharsze of piture, total
lond, tcmperaﬁbﬂe and concentriiion profiles were weasureds

The resistance coefficient £ was fcound to vary with both
Reynoids nunber and totéi lead vhen the 0.65-mm sand was being tzansporteds
The f = Re plot for 0,20=mn sard trasgpert was neacly identical to the
corresporziing curve for clear smiet, Plots are nlso preszsuted of |
hydraulic gzedient versus menn veloclity and fotal load, Seversl zesearchess
daia are correlated by means of the boundazy layer concept of slluvial
changel roughness of Ali ead Alberisen, It was da&nnsﬁzateé that undex
some ccnditions the helicalecorrugated pipe coaveyed more Scdiment
per unit fime with less herseptwer Anput thanm the standardecorsugatad
or smooth pives, A now exact ¢riterlon is presented for detormining
incipient deycsiticno Hozdizonial and vertical concentcation profiles
indicate that secondary circulation has s jrofound influcnce om the

forn of these profiics,
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pipelines that transpordt
adiment has rogulred ths bost abllliiles of enginsors for many years.
Hardly a rajor elty o harbor exdsts thait has not had very pericus probvloms

caused by sedimont deposition and difficully of twapsport in taoir stors

powors oF ¢radge plipelines, Difficulties have ranged from £1 codad areas to
costly dredgling ag a r;aulﬁ ef pipalla3g dnadsguatsely dcsign@d.

hat sediment in pipeline prcbloms will continus to bo ~mchuhu“

0-3

is ovidzat fyom the éirth of guantitative &L.ofﬁsi;on for dosign thad is
aveilable for tho incroasing nunbor of erglneoring jobs which ec mid be
solved bast by twansporting & given cediront material 1 thrcugh a pipelins,
Typle: l inptallietions whore scilmanﬁ iz twangpeorisd through & pip
ere esanitary socuows, harboy and river dﬂns, c¢c“w?si trangport; oczl trangs

£

ar
port, pnoumatle conveyers, ash dispopal, and storm sswers. A very rocent

‘1.

ingstaldlatic ca "a:enar*s gilgenita in & vaiter madiva for many milss
This paper s 1lmitzd to the horimcaizl) trangport of sand in vater
«=probably the major appiicatlen of the peinelplss of co¢vug¢n- solids in
£lndd modivm, The concern bherein is not conly o dotermius the bJLrliuic
characterisiics of a given sandevatoreninollng gystenm, but to coapare zov=

e ) Car LR FA P enre B omw 5 i - l—.—,‘_ &2 o
era} 4yrss of pyslems fyom the standpoint of oncryy losass, valer congezvatioa

and the enzll-sgale mods of trancport.
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actorigtics for cenwoying a sandegodinsnt mixture. Thia coacern steams fren
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- pebbles treveled sleng the botiom of the pips. Sand distribuied itself over

the whole pipe crosc—zection wlth the concentiation increasing nzar the boie
ton of the pips. Reasoning led them to conciudé that perhaps some artifi-
cial reughhess could be introduced which would increass the concéhtratibn
that could bs carried without plugging ths pipelins, and at tha ssme time de-
creaso the pipeling frictional resistance for cortain ranges of veleciiy,
Probably the most important vork with an artificial roug: ssér
placed in a pipsline Q&s that of Ho&ard (), who roportad in 1941 on tests
in 4~inch and 2-inch pipelines. His rezearch utllizsd 0,023=, 0.3%9~, and
2 4S=mm saéd; The artificlel ?ougbae;s congisied of thres riflings spsced
at 120 cegroca around the pips. These riflings had a plteh of ;@ pips diem=
etors and wera installed at intorvals such ‘that cne-third of the pipsling
vas riflsd. The hoight of the rifles was D/S, wvhere D 4s the dismster of

the pipa.

-

having tho ertificial roughness eoslsting the sediment transport. In gen-
eral, systen efficiency of rifled pipslines is reducsed for Installations céga
voying digpersed clay, silts, or fine sands.

Ezscausae - tho tranzpest of sedinont ig ccnﬁénuzlly assuning graater
import?nca, end pipcs analogous to a cnooth pipo witha an ingtalled artificisl
roughness ers now avallable co::ercia}ly, it vos boliecved that tesis compar-

ing sevoral of theso coumercisl pipss conveying sand and waler wers needed.



SCOPE OF RESEARCH REPORTED HEREIN

Duéing tho pericd from Sepismbsr 1952 and Junsz 1936, studles were
rade on thres 100-ft sscilons of horizontal plpeline transportlng two dif-
ferent sedimants, The pipes ware all l2-inch in diamster. The three see-
tions teated were: (1) emooth 10“51t,d11«l scom=uslded lé-gage steel pipe,
(2) standard corrugatsd zinc-coated riveted pips end (3) helical corrugated
pirs. Fig; 1 givas a detailed degeription of ths thrae Boundarles, The two
sedinents uiilized wors: (1) a 0.20-m median dismoter sand cobtained from
the loveland lake Inled, lovaland, Colorado znd (2) a 0.65=zm pgdian diam-

etor vashed sand purchassd from & commerciel plant. Fig., 2 gives the »csults'

of typlcal gleve anslyses of the ssdimenis. A rsclreulating pumping systonm

5]

vas enployed.

Data talken consisted of discharge of the sand-wator mixturo, total
lead gediment conconiration, piczometric gradient along the pipelines on
both thatr uzh and crest of the corrugations, horizontal end vertical con-
csantration profiles at a désvatrcwa croas—geevion, si;ée.ana yaes of fhe
sedimont for various elevations slong a vertical diamster and tsmperature of

the mixture.
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EXPERTHENTS

Tas experimontal work moy be dividsd into two parts, elthoug gh all

4

tests utilized essentlelly the sams racircuiating piping sysiem. Tha first
sorioa of Yssts was with a 0.2C-mn sand, cmployed in all throc plpss. Tﬁa
gacond series of oxperimonts vas vwith 0.6%-zm sedimont, In tha.firat sa7rles
a non=deposition reginme parsisﬁgd throughout the majorify of the runs; in ths
gocond gerles a depomit of gand was usually present on the btoltom of ths pips.
¥hile the exparimantal procedure was easentially the sama throughoud, tha rs%
corded data differed comovhat in tho two seriocs bf ecxperimontse

Discuscion of the exporimonis will follow this order: (4) orpori-
rantal ﬁquipmznt'iﬁstallaﬁion, (B) prelininazy tcsug, {C) tosts vwith 0oR0-ma
sodinoat end, (D) taét~ with 0 0.65-tm sedimont,

A, Ejgerimental Enx‘vrqgg inghallation

Thg recirculatioén gystem eﬁnlojcd for tao tests ia shown schemati-
cally in 'F; , 3. Scdiment vms reclveulated with the vater. The 100-£% géo-
tion of 12=-inch tost pipe was readily removable so the changs from gmooth
pips %o helicalegorrugzated pipo to standard corrugatsd pipe cowld bo mad
vezy'qgicklyo The tun sedimsat coneentration sampling stations showm on
Fig. 3 ars pregoated in dotail in Fig. 4. %0%2) Jead sampling vas doas In
the vertical ssction of pipelinsz ncar the 10-inch orifico. HOriaontalAand
vortieal concentration profiles wers laken at the downstreen end of the J00-T%
tost pipo.

The plezgorstor installation for doternining head loss was the sams
in toth szories cof rrﬂs, but the piescmotver taps on ths erosts of the coriue

gations {as sean by an observor cutsido the pipsn) wara nob ui el for tho

6=
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sccond series of tests. Tho plezsomater system for.réQO?ding the hydrzulic
gradient différed sexnowhat fof esch boundary. Plozcmeter taps wore in-
ptalled on the corruzaiions at ﬁhé poin% nearsst to the axds of the pips
in every cass. Some taps weore installed ca the itroughs of the corrugations
of the corrugzatsd pipe in order to chack the effect of location.

Thore were ten plezomsisr taps loeated along ths pipes, speced ad
10-£% intervals startlng aboul twelve diameters from the downstream end of -
tho tss@ pipe. Tho openings inle the pipe wore 1/16 inch, Tho taps vers
located on a horizontal plane through the axis of the pips..

The‘sediuent concentration sampling eguipment Inecluded an intake

opling ccneg, stop watlch, end ovone |

43

tubs, siphoning and ﬁamping equipmsnt, ¢
drying end waigﬁing apparatus. The egulpment installation cmployed is shiow
in Fig. 4. The sampler intaks tubs extondsd 5 inches upstream from its sup-
port, norzal to the direstion of flow, It was made of 1/2-inch 0D Yy 1/4-inch
ID brass tudbing. The rozzle ssctién vag 4 inches lené, tanaring to & sharp
cdgo at the irnlet.

The sedimont zemples oxdirnarily wore taken by siphoning, A small

horigontal centrifugal pump vwes used when inguffl
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available for giphcning, The pump wos nodb uwsaed unless absolutsly nscessary
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geango of itz unsitcady discharge characterisiics,
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Preliminary studies wore eonducted befers procceding with tha main

problem. Theosa studies includsd: (1) moaguremant of discharza of the mize
ture, (2) dotesmiration of the satpling time interval, (3) rapld determino-

tion of the lceal scedimont concentyation, (4) doteramination of the total

fa)



gadimsnt load, and (5) determination of the effect of piézométcr location

glong the corruvgations,.

. Moasurement of discharss of ths mixture was acco:pl shed by moans

of the clear-uater calibration curvs for the leuinch orifice ingtalled in
the vertical ssetion of ths 12-inch p.;ps° Durandts (6) puna. censtituted

the justification for assuning tth proc"dvne %o bes of guf iciert acﬂuracy.

Dekarmination of iths ?“”Dlin tima interval at sach poinu at which
cainle was to ba taken wés quite timc conguming, Sinca a saJpl'” with &
gharp edge at the opening and a 0.25=inch ID circular intake was to be used,
=23 knouledge of thz allcwmbls ratio of intake %o ambient velcclty uwas

nsedad; to maintaln say % § percent maxdmum error in sediment concentration,
From the Corps of Enginsors (1), 1t was found that, for the partlcular nozzle
used, diffescnces of % 15Apsfcant in intake valocity from the agbient velecity
would resuld in concontration errors of less than % 5 porcent, Hence, rapld
volocity dbtarmi;atidns weré mséé at each point in the flow vhore a point tims

Integratsd C"*Mpd.c vag to be taken, From this wveloelty tho sampling tims in-

[6]
U
!-‘0
i
9]

terval required to fill a oie litre sadinent cong was calcwlateds Fach oo

litre senple teken to determine the local concsatration was obiainsd on the

basis of a sampling time dotermined in the abovo zannax. Taqrb soems sufil-
ciont reavon to expsed, as far as canpling tims is econcorncd, ‘th
tions are eccurats,; in general, to at leasi +V5 pareent.

. ropid determiratlon of tha loesl sediment gonganirntion was de-

3 3 4, -~ PN 3 e Lo

i)

1sed, since it boeams ovident in tho early phagea of the lavestigation that
the clacﬂiczl oven=drying techaique was impractical. Qoma 20,000 concentra-

tioa dotesminaticas wors to bo mads. Tho Qiff ul&y was resolved by ca2li=

=10-



brating a one 1litre sediment cons, Soma 140 samples of knowm apparent
volums were oven-dried in erder to dsisrmins a callbration curve of apparent
voluze versus psrceent ccacéntraticn for the cones. Such a calibration cuzve
was developed for each sizo of material used in the research program,

The calibration curves gave very good results., Howaver, thers is
a lower limlting concentration for a ssdiment cons. Extromely small concene

trations still must bLe ovanedried.

Datormining the iotal sodiment load was quite simple. Thirty or
zore conceniy at*cn samples weras taken along two dismeters of the 1C-inch
orifice installed in ths veriieal 12-inch yrissr. A weighed average (area
weighing) gava the total locad concentratlien,

The gffect of plgnomator ;ocqt101 along the eorrusation was inves

tigatsd.  Vhile there seemed no physicsl rcason why the hy draulic gradient
as datarmired from a set of piszometiers all located on tha crests (cbserver
ingide pipe) ghould differ from a sot located congistently at some other pe-
aition, it wvas belisved the maut © should be investigatcd.

The Corps of Enginsora, r¢portinv en a study of large ciameter
corrugatoed pipes, included some infu.mitiOﬂ on the dsvuutlcn in head fron
true ambicnt pressurs at varlous locations along a corrugation. A hydraulic
gradient mea surﬂd by any consis tent plezometer bank seemod to be satisfactory,
within ones ability %o road the mancmeter. Sedimsnt was not present during
the tosise. See.reforence {20)

A large nuaber of tests were conducted during the course of ths
progren roportcd horein, with sedimont, vith pleoszometers on the crest and
troughs of the cor yuxqtionuo The cecnclusion was the samo as that in‘tho

preceding paragrapho
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Tests with 0.,20-mm Sedimoant
Précedu?a'b s first, v
. with clear water,
four timss and ths
Ig

The dischargs

plezomsterle gradient,
agsd for each run, -
Svbagquent to the clecwr

S e a1 -]
sediment was addzd

grall amount
tabliched tho plozomsier
the pipsling

the pipeline was obﬁginez. This

s%mnles, cf one litar each, at sach of ten polnis alC g the diasmstor,

ing the taking 0¢‘this profile,

The piezometers, loca

omnern
T- po.s.

vatasr

Hoxt, aftsr a

was ngdc, a concentration

jois

ths plezomatric

th each pipe, %o run a geries of tasts

ted on 10-£% cenilers, vwere read

csulds averaged in order to obialn {he clear water

waé recordad four times and avers

Q@ was likewlicsec an average value,
tosts for o given boundary, &

to the

KN o (2 () S ]
gyatem, Aftsr eguilhriu

bank zaadipss§ orifice manomstar lovels, and temp

valeelty profile along a diamster of

profile along a vertical élamoter of
ofilo consisted of taking thres sediment

aperalturs

£

raiﬁanu, ths is

and ths dischargs vere raccrdel iulcs. Aftcr the paofélm vag complated,
anothsr r‘“u*hﬂ of plezomgoiers, mancmeters and thermcmsiers was made,

PS

The noxt step conglstzd of

follcuing the

<Q

nTes concsznitration

~n 2 - w— 1, " o % § 1 43
profile traverses along czch of two diamsters of ihs horizonial 10=inch ori-
3 ey nd A & & Badisn - P m RN 2
fice in ordeor Yo evalunals the 533l load consentratieon, Then,; wilth the sodi-

nead load stlll held censtant, the
repeatzd, but this time the
horlzontal diazmeler of ths test pip

Following

vas edded to ths systez, The pr

locsl cone

- i Lad ¢ ! -
procadurs of the abovo two paragraphs wuss

ration profils was taksn aleng the

eling.

inod abovs was ropaatsed againg
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neasuring the mixture dischargs Q , the water-pediment mixture pieaomo *ic:f'
gradient J ; the total load conrceontration Ct ; the profile of the Yocal
concontration ¢ and the temperature T o Sediment was added in incrczcﬂts
uniil évan at the maximgnm discharée that co“1d bs pumped with the availa

pump thereiﬁas a béd of nen=zaero vidth of alluvisl matsrlal formed on ths

botlen of the pipse. This sams progsdurs was repeated for cadh of the three

types of plipss.

D, Tests with 0.65-rm Ssdiment

>

The p:ocsau“a for the le dCJa(QQy investigations with 0,£5-mm & di;.
ment was the camo as 1% uas for the 0.20-m3 s sedinment, excoph thdtVCGrtain
categories of dats that wera obtained durihg'ﬁhe Intter tests vore omiited
during the studies with 0.65=mn sadinent, Concentration profilsa.in a plane
normal to the dire tion q? flow in the pipe ware omitted, Ho cata ware teken
on the effect of tho sedimsnit on the plez iric'gradie“t as recordsd by
piezon aua”"'on the crest and troughs of the coryuzations, Data wers e o=

vhat limited for the non=dsoposition transport regime == that is, in gensral

a bad was prezent on the boticm of the pipes

=l 3=



RESULTS OF EXPERIMENTS

In presenting the rosulis of the oxveriments, the gross pleture of
offeet of boundery fora on the transport of sand is-discussed first, Sub-
sequently, a brief rasume is given of certain obaarx"“lcde on ths transport
nochanisn and hou pipe boundary fora effésta it Undsr (A) plots of the
p$ezouﬂnrxc gradient J wversus the meon mixbure vol city V and the tranc-
pord concentration Cy 1s discussed, SecuionA(B) saés forth exporinental
rosults on the fundamantal resistance coefficlent £  versus Reynolds ﬁumbar
Fe and Cy o In (C) ic presontod a plot eorrelating varicus roscarchars
data, Fellowing this, in seccticn {D), optimz: cperating conditlons for

- pipes and their relative merlis ars dlscussed, In (E) data cro presenicd on
tho internechanics of the transport progess, agﬂ seetion {F) briefly diccusses

an exact critsrlion for dotermining ineiplent deoposition of sedimsnt,

Lo Flegor 0foa?10 &

For turbuleoant flew in plpzs 1t is anticipeicd that & plod of cloar

ater plesometrlc gradieat Jo ogninst tho moan velociVy . V will yield a

straight line of slope two on loz=log vapor, and scdiment introduced inte ths
!
syston will causa deviationz from this siraight line. Tho magnitude of the

i1 AL

deviaticn depends on several factors, the nosh significant bLsing the siss of
matsriel balng transported.

-Figo 5 is a plot of plesorotric gradient J sagainat mean veoloclty
V , rogardlecs of concentration €y for the (o20-rm sediment, Helleal
corrﬁgﬁtcd , standard corrugated end cmooth pipss are included on this plote

The ennll flags indicate that a sand beod had formed on tho totlom of pipeline,

P&y
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vhere g 15 the gravitational constant and the other wvariables are as defined

earlisr, Roeno*aa nunbsr . Re is defined ag

Re %?EZ; = : | (2)

L8

‘..l-

where Vs is the dynemic viscosity and 7 tho kinematic viscosity of cloap

vater at the temperaturs of the aandauatar’mixtura and /fg is the mass don=
sity cof clc*v walere

Fig. 8 shous the variaﬁion of.the resistancs coofficient with Reye
n§lds nuzbar for all transpert concentrations, with 0.20-rm sand, The dowmn-
vard sloping curve feor the smooth pipe iz ths Blazius equatlon - around
vhich the 5m§dthf§ipé'daﬁa_group»qﬁita.uall, Ags ono would expzct from the-
previous discusalon on the J versve V plots, the cffect of sedimocnt esn=
centration on the resistance ccefficient is not important.

Fougver, two points may be emphasized. The helght of ths artifi-
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Seally the cams for the holiecal corrugated pips and -

glandard corruzutzd pipe is nearly throe times thad of tho holiesl corrte

gated plpe -- partially explained by the fact that a coasidsrable propcrticn
of the discharge of the helical pipe foliows the corrugations, which is a

flou pattorn thet can not take.place in standsy
mors, a.brief calenlatvion of an cquivalent Hikuradss gand grain roughingss
w11l demongirate that thers is no rolation bobuesan the sand grain size and
the getual height of tho artificisl roughnsas. Conversely, omploying the
voke-interferance conespt of Mozris, FProcosdings of ASCE, vol, 80, 1934,

&

the phys irs* sizz of ths cor Jg*bﬁona corrcoponds $o thal give by the thsovy,
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In Fige. 9 and 10, the experimenial results are given for the
0.65-rm gsediment., These figures clearly indicate that trangport concentrae-
tion plays @ significaont rols in pipeline conveyance of larger sizes of
seiiments Thw Sotall Joal 5wt by comslionsl g, duslgaing suvets,
dredges, etc, that oro to convey coarse matsrial.  For example, for a gliven
Reynolds rumber it is pogsibls that the resistance coefficient will bz in-
croased three 1o four Ulmos its magnituds for cloar water by simply intro-

dvelng a one pereent coneentration total load.

C. Ccrrelation of Datn.

Tho vhapa of the £ wvorsus Rz and Cy curves of Figs. 9.énd

10 yield n important clus to a gﬂnara’ized correlation of avallabls data on
gend conva;anno through horizontal pines by vater. There is a marked resem=
blance %o the form of the curves presentad by Albertson ond Ali (1) in their

»analysia of flov in alluvial cpon chanﬁels. Their approac n, appropriately

leboled tha bound ary layer approach, ulilizes as a fundamontel parametsr

fcpﬁ@r} vhore

Reof i =y g (3)

This peramzter 1s inversely proporticicl to the relative thickness of the
laninar sublayer gﬁ@) or direcedly proportional to the sheoar vclbcit* v o
Fmploying this paramsicr, bub omiiiing tho dotails of tholr anzlysis, the
¢ata of o numbor of rosearchors wore corrclated as shown in Fige 1l.

Tho correlation indicated in Jig. 11 is quite reoxariable when it
ie congidercd that scdiwent sizes varying fron 0.,20-rm to 2.4A5-mm and plpe-

line diemators ranging from 1 inch to 570 ma in ll e imes of flou arc
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included, Standard corrugated and helical ccr"uu3ued pipes are not, howsver,
included in this plot.

The paramctor ploited slong the abscissa is

E% Ctl/B , (4)
vhors 4 1is tho msdlaa sleve diamoter of ths sediment, I wvaries dirscily
with @ a5 choun in Fig. 12 and S is tho slope of the curves of constant
d ona plot of 4/D vorsus p , wherz p is the intorcept of plots of
Re=/f  versus 0, for a given &/ . |

The excellent correlation doos not imdicate, however, that all the
problems ava raéolved. Tho dlametser d is utilized in dimensional form,
Fugstherrore, only sand has bosn ceasldercsd. FProliminary conputation with

elover sacd, steal shot and wheat indicate gems major difficuliies are yeib

v

to bs overcoms.

o

Undoratanding of

c*

he phenonsnon #oald D2 cnhanced considerably;ix
en adequato explanation for the toizl load eccncontratlon cceurying to the
ons=thiyd powsy were availabls., Thls once—third pousr also appsars in the
work of Craven (3) ard ia rocent unpubliched investigations by J. Ro.Barton.
A% lsast two other major contributions towsrd corrslating sodimont
transport data in pipelines for a wide range of wariobles have been publiished,
The firs t of these, by Vozt and Vhite (12), used the parancier of Gastersiadt
(8) (J = J2)/3o and rcduesd a larzs mumbor of dota to a sat of parallol
lines, Steol snou, clover soed end vheat uere iﬁclu;cl, Durand (5), using

. S

the gamo paramsteor divided by C; » was able to raduca ell of hig

single curve. Houevor neoithor of thase ""a&j can includo dota involving
=25
o
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fire sand; sines (J = Je) is alwaye positiva in their analysis, but actually

is found frequently to be necgative for . fine materials suﬂh as fine eands and
silts. Danel (4) gave tho siplsmation for nsgative (J - Je) es a damping

of the turbulence by the fina matorial - "ths nixbture acting as an @ssaﬁtially

honegenous {1udd,

D, Cpiimum Dosien Conditleng

From exmmination of J wversus V and Cg plote ons secs that
the minimun energy regulred (o transport a glven cencentration gorrcspends

- S b

to the minimwa of ths C4 oqual constant curves cn the J - V plots, This

miniaun also corrasponds 1o a veloclty, usually lab 2led the limit deposit velo-
city, at vhich deposition bsgins for the mnterial in guesilon. This 1limit de-
posit clocluy czn elso be dotamnined from V  versus Cy dlagrems.

ssuning tho minimmm enerygy coasumption to tranzport a given tot=l
‘lead Cp as tho optimun design eonditien, Fig, 13 was propared. On dhis
figure the sodiment discharge G in cfs is plotisd against P for 211 thyree
‘bounderies. - Alsc prépsented on this graph is a plot of € vorsus the mlize
ture dlscharge Q o This figurs is 1imited to 0.20-rm sediment,

It follows that for e given G (less than about 0.1 of:s) the

holical coa_urau“d pips will transpord the scdinmcnt with less walsr end lass

horscpouwce than elithsr smooth or standard corrugatzd pips, thus ¢ “"cn?*"“*’rg

! WA e Wal

of water avallable to carry the eedinment is unlimited aand of no econcmic walus,

L R)

the horgopouwer reguirements wi with smooth pipse In gsnerel,

"H !
)
1N
e
[0
)
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W
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tho staidard corrugzated plpe is not ceonomical to onaploy beseause the poude
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congunption is very high. Other combinations of HP , G and Q can bs
consldared f&r speclfic design problems &ﬁat proscnt themselves.

The size of sediment has an affect on the locatlon of G vorsus.
Q plots, as determined by the teazts vith C.65-mn s,rd. The G wversus @
curve in the case for helical corrvguted pipe transporiing 0.05-m sand was
the seme as that for the 0.20-mm sand, but in the case of swmooth and standard
corrugated pipss the curvos for the coarse sand wers ghiftesd uwpward, The
curves in theso latier cases msrged with the curves for 0.20-mm gand for G

of about 0.2 cfle..

-
>
3

E. Intarnal Machanisn of Tranapord

Remagyks on the internal mochanisn of the trangport phenomenen as
influenced by btourdary form, sedimeont concentratio:, dischargs veloelty and

Reynolds or u¥ill bs very brief. The discussion is limited to 0.20-mn

(=4

sand and extensive dotall is givon by Chamberlain (2).
Profiles of tho lecal sediment cencontration C  wers cbiained

along the horizontel and vaertical dlamsiors of a ssction normal (o the

dirscticn of flow for the threo bou ndarics, whan coaveying 0.20=rm sand,
Along the horlzental diamstsr, the concentration was praciically a constant

U

for all tho compinationg of itcmporaturs, concsutration, and mixture discharg

u

<

tested., lHouwovor, in tho cass of the holiezl corrugatsd pipc a pronouncsd doe=

viatio:n from o eonztant concontration was evidont in the ir

wdiate proxlmity
of the boundary. IHore the egecondary hellical circhl tion irnduced bty the hel-
ical corruzation earried sediment up cns wall of

Figo. 14 is a typieal seb of data illustrating the basic differcnce

in tho vertienl sediment coancontration profiles for the thres boundaries

RS L N

(29
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eonsidercd, This is a graph of y/D ageinst C/Cy , with Re and C,
constant, whors ¥y 1s the slevation above tho bottom of the pips. Thse con-
contration profils in a smooth pipe is very simllar to that found in opan

channel flow. Tho siandzrd corrugatad poundary creates a much rore

=)

©
”

ip
uniforn concontraticn profils -= although concsntration still inecreazos
rear the bottom of the plpsline,

The heliecal corrugnted pipe induces o very pronounced soc0nd22y'
cirevlation in tha flou ficlds A Yeholl® of fluvid and scdiment circulaises

erocund the pipse lazeing scmcwhat the holiecald ecorrucation, This scconda
g S 15}

-
circulatlion trancports sediment up one wall of tha pipe and szomstimes come
pletely cver the top of the pire. As a conzcqguoncs, ths concantratlon pro=-

files in this pipe may have a maximum local concentration oa the side or top
of tho pipo, and a mininun on the botton. Yhen tho total lozd 1s ingreased
sufficiontly, the sccondary circulatien is danped as tho bed begins to forme
Once this eircuwlation ig dempsd, tho concentration profiles becomes similor
to that of the corrugatzd pipao,

The 1imit deoposlt velecity for helical=csr;u¢ﬂted pipes is deisr-
nined, for a given Cg , by dacreﬁsqr’ the velocity from that sufficlent to
heep all the sedimend 3n scusponsien, In the other twoe boundarics it ean
ba approached from velositiss either less or greater than the Limit dezosit

veloelty == the zamo recultd will bo oblainad,
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CGICLUSIOES

AIt has boen damonstrated that both boundary form and sedimsnt size
are significont variedles in the pipoling transport of sands A prencunsed
sgccondary clyculation inducsd by en artificlal rc#ghnu g in the pip% an make
it possible %o transport, at tho optimwm reglims, larger cnocunts of scdiment

- wilth less water than is possible in emcoth plpase It is also showm that undor

gome conditions it ig possible to convey sediment at & given rato with e

ir]
e

minimva horsapovwss Ly means of pipe cgwiaining au artificial roughnes An
upper limit of transpord is reachod, howaver, boyond which smeoth pipe ds
the rost sconcmieal to use in conveying sedinmont. The deoslgn of plpelinos

to trangport fine sand {0.20-rm) can ba tased for practical purposos on the
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soune resistance cosfficlent as tha

sand {0,65-mm), the rosistance cosfficient varies greatly with ths total lead,

been used to study elluviel opza chanrel roughnsss, can lsad a correlatien

e g & s % X o Yo Biowr . PR S 4
of various raseorchers® daia on plpaline sedimont tvansport. It has beon

ghoun that a paranstor inversely propertlonal to ths relatlive thickness of

the laminar subloyer §°%/D holps correlato many datea,
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NOMENCLATURE

Total load concsniralion, also
transport concentration

Digcharzo of m#xtLAe

Discsasﬁe of nlx*gra

Mes n velog ity of mixturs

local scdlﬁant concentration
oefficlent of dﬂna e viscoslty

Mass donsity of clear water

Reymolds number defined by ¥ //%’0

Daac; leisbzeh re lsﬁance ccofficion®d

Gravitational acceleraticn eonsiant

Plezomatric gradl Oﬁw; sedimentevalor rixture

Piezomatrlc gradicnt, cleayr wats

Median sisva dlamster

dinsnegionlass

dironzienlazs

dimnonsionlesa

dimengzionlezs
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