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STRUCTURE OF THE FLOW OVER SAND RIPPLES

By Tadashi UTaMI and Tetsuo UENO

Synopsis

Techniques of flow visualization are used to make clear the three dimensional structure
of the flow over ripples. Sterographs of the flow over ripples, pictures of the flow in the
longitudinal cross-sections and pictures of the flow patterns on the water surface are obtained
by using the moving cameras or the fixed cameras.

For the flow over ripples, the slant spiral flow which occurs in the rear side of ripples
plays an important role in sediment transport. So, in this paper, attention is payed on the
movement of the slant spiral flows in examinning the structure of the flow over ripples.

On the basis of the data and the pictures obtained, the model on the three dimensional
stucture of the flow over ripples are proposed, in which the relation among a slant spiral flow,
an upflow, a down flow, a secondary flow and bed configulations is made clear.
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Table 1. Experimental conditions

Discharge Width Slope Grain Size | Mean Depth | Bed Condition
A/s) (cm) (mm) (cm)
Case A 6.0 40 0. 002 0.53 6.6 Movable
Case B 5.2 40 0.002 0.29 6.3 Movable
Case C 6.0 40 0.002 0.29 6.8 Fixed

L LI, HEORAGHSOHANTREL X 51T, MERSBHOT 7 ) VEIERTTE T3, 7]
PREP& U TIRTIREDS 0.29 mm OBE 0.53 mm OWOFEEER V-, ZRIBHEO LOKNERS
EUTIEhNIc. RV X 3 ERR AR ERE LT, BROEU 2KERHE L L TKEDR 1/500
Bt 5~ 61/s ZHA Lico RUANISERZRMIZ Table 1 IKRTEBDTH S,
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BHRENOERRE, EABOFENE . 0.53mm, ¥E (Q) 6.0 I/s, MKAR () 1/500 DiFs
(Case A) & d, 73 0.29mm, Q 5.2 /s, I $31/500 DB (Case B) © 2 WHIOEREKD S & T
bhiz,
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Photo. 13 Case A DZRTHIEOWESITH Y, ETFHRAMIC 1oem BTTREINI2EDOH 25D
3% (a8) RTHMOA# 5T, (b) BEEMOAN * 5 TREINZLDTH S, ThoHIIBEKEHE 100
SREELIE EORITHY, COEEOAKDREE Photo. 2 IT/RTH, FRERES, BEEL+H
WCHE UTREEICH B 5 Photo. 2 ITBWT, FIREOREMN BRI > T3 EC AN KEFIChI-T
FHondN, TLoDOTRUOREBNTNOKEEN LI OAEER->TED, COTHRMDER
KHELTZOTHRATHD SEARDRESEHE I Nz, #1005 FARDEREIR Photo. 1128V TiZ3H
CIRALGNTEY, TUORBEICGRINTNE XS (X, V) EEICUT (—10em, 28cm), (48cm,
20cm) BXY (B5em, 10em) DAIEICH B, T, THSODMER Photo. 2 ITHWNT, £ oHAN
WEBEBNBEDONEEFHTH D, ChODERAEKELTLELOIBHELERTIE, Thd
DEFTR YV —DBETHAEMNLT 282 OO RAEDE LTS LIRS, 2T,
RS ZDOESBRD SRARICE > THIMBINDDOB 2RI D B ENKL b3,

Photo. 1 DOEEEDS (48 em, 20 em) DI T, F10 LRATROKRISERNCIEZ SATHWBEDT, BE
ERRUTESICHMICERE L., ZOR MY ORAROEERDS. 6cm, 7% 5HAROFKREE
OFEIN 19 em/s, F1d LBATICEAI NI b L —H — D FEHTOFEIR 32 om/s, £ SRANK
RERNZEFFHEELH 0.2 I/s SV EEBB LN, —F, TOBETORNOIRER, KEDH 6.6
cm, WETIIHEDS 22.7 em/s, KETO b L—3 —DEHFEHDS 32.3 em/s THo72,

ZOXSBEEEBLILT, HODREEEETILOX¥DIIICILE, HDOHANEERT %N
RERBAIPOHBINTEY, ZODCEROBORSBEHRIAROS A KT TEMEINZC
LTl B, Z DR, FORAMICK ZFKOUE - PROBERIIHUL 85, COXSBHNORER
FIREORFIRICER I N AFTKROBN L BHELLE BRI LTS, REFEKROEAICIRI DX S 134
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BILEEEET 8D 6 FARBHKE OFRZICKEMNSREUEZRELTOEDTH S,

D FIKEREDOFNICONTHRET %, Photo. 3 13 Case B OXEEEORROBERNTH S, ETH
Hic 15em BTTRBINA A5 D5, (a) RTHRMON 2 5T, (b) BEHKMOS A 5 CHEERICH
EaINcboTHY, H A 5EEHUCEEOBIER R 32.3em/s Tho7c. ThHOEER, BKERK
1 K5RE LR ZR L THY, FKREOREIZIFEICELIRBILS S,

Photo. 3 ITENTHEHHINADIT, (X, V) BEICLT 47 em, 10 em) OFIEICH BKELETOBE
REDERTH D, CNOOBEAERET I LIk, FROBATR L —F—BFHLLEHNE
BEL, KEICELTLLRBEZNOBEEHRITED > TO L BFMHED 50D, O XS IKELIE DR
13, Case A, Case B k& 2B ZRESE LISH D103 TREI N, CROLOEEMLRDENS
FBAROKE TOEERIEHD PHERRE UKEEEDO S ETRIZZME- iR E > TS, TEDbD,
Case A ODBEACIFRHEOKETCOLEMSDIE 7.3~8.3cm, + L —%—OLEABHEEIIN Sem/s L7120,
Case B DBEAICREFDLEND IR 5.8~7.8cm, ZDFEEIZ 4~Sem/s L18-T05E, T, HBOEER
NIFKE L ORNORMTERITE 88 L7z Photo. 8 (¢) DEED 5, HANIVKE CTHREHRICE T
WL EHIKETF 1.0~15em BEICEF TRATWAZ Eibh b, ZOLORERL LKEIET 5ER
IS HBAERD B &, Case A Ti 0.12~0.18 I/s L7120, Case B T3 0.09~0.14 /s 155, Th
ST, ARED2~3%ICY5,

3.2 FROHERROREEL

Fig. 1 i3 Case A it813 5 Y=13cm, Y=16cm, 7250 Y=19cm D=0 FERETLIRORBEZE
LERLIcdDTH B, RIT, AUOHFIBEKBEHZROBERBEEZRLTVS, Ch DD hicHD

X=0 em X=50 cm

Fig. 1. Time variation of bed forms in longitudinal cross-sections.
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SHAMIC L ZEHENALB DR BN TED, ZOBHPRRTIRBLBYORINTNE, ZOFDLHE
A TR EENREESROEFIREN TN 5,

S, FD5EARBHROBFRNTFERNCRSFE L TR EMBH o TREI NS, -
ERAORD SHARICE ZERNE, REHEMI30HICET S Y=19m BETROELL>TED,
Z OHE & D BEETICH > TFRIIBEL B B> TV B, —F, THRAIOFD LEARICE 3B
BR300 I BIF 3 Y=13cm OIETHRLEL, P2V BEMILICH » TTHRANT K20 TREL
{BLIE>TWBZ Ebh5,

DEK, EELOTHAMOTBOEFIREERTASZ L, Y=16 cm ORWTEICBOTIIRRD SHAFIK
L BRFEELE D TRAITHAKINZ LA CHER OB ST L THRANCETEREH LTS, —F, Y=
Bem BXU Y=19cm ORIFHICEOTE, 2D SHARICL 5RFEREILEL D FHRAITHERSETLT
VBT EBbPB, ChOOEBERECCICHEBREEREL S, MY LTARRIBERD THRAIICLY
ZLMEIRNEDS, THhiICK BEEAE R K THRANBE S 2T 2 EMbh b,

4. BEESHICAKRELOFRNOBE

SERIAR 0.29 mm, JKERIE 40 om, FE 6 U5, AR 1/500 72 2 kHEM: (Case C) OTF CTHUBEE
ZeA Y PTEEL, Z20LORREFGMECIDER L, Z0OLEOKRBRIFELT 6.8cm THo
720

4.1 FRELOGSR

Fig. 2 it RHICAWCRIRE O EIERTS S CICRRE HC B A DO A 7 v F 2R T, ARTELE
> IR IR B ORTE OFTE, RENIFAE Hic B8 250, S5 LSS REKEEZNENRLT

<=3 MAIN FLOW DIRECTION
. Y=40cm

B = @
= [ : ~Y=30cm
-Y=10em

Fig. 2. Bed form of the fixed sand ripples and stream lines on the bed.

W5, —HOFBANEREFH ML TE ECATOIRSRID SHARDFEEREL TN S, &
7z, TNHRE U T B EAMRBIRES, BOE LT B ENIHERI NS LT 0 5, & ICHEHRICHE
NWFEE LTV BHTRZOE ERICH 251D 5 HATRDIERICL » TRATSEOEBILSRELTH S,
ZOHA, RFEHILOEFREIERO L EALI DD LHROMBIRIE> T3, ZOZ&E, #¥
CHARDPREL TV IR TREIHEAIBEORENC EERE®R LTS, —7, HEREMNIME L ORER
DHEBLTBY A ZODOWMKENEIET DI TH 5, BFHFOBSITIITADIRL O SRR OFK
FRDBER I NE T EMB,
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(X, V) BB LT (—30cm, 5em) OFRELICZEDRL, BXU (—15cem, 4dcm) OB LTICE
DR R EBIIARESHAKEBEE LTS, CNSORABRENSOE ERICS 2HEOK S ITHERK
BOBRFIRICHIE LI bDTH S0, I TRADOSHARRBEL TN, TCTR, DANICED SEA
WHHE U TR REER NS TE T, Z0RICE D ERAIDFKEIMB T S 12720, ZOREKED
AR I SARE LY, AR L HAROBERLZbDEELONS,

4.2 FARELOFRNOZRTHESE

BEK L ORNOZREMEOBREEBE R ST b v — —2FNT, BEINFAKELOFhOZK
THROEREIME AT » 12, BONIERD D BIMNIEZHOEAEE% Photo. 4 3% U Photo.
5 IRT . CHDDERILSZE, (X, Y) BEEIZLT (—27em, 20cm) OALEICHRKIEHD SEAFH
OO, X5l Bem, Sem) DMBEBLT @5cm, 20cm) OB HZNITZEHBATIRROIED S
FAROEEDRD 5D, TOBAICBY 3HEEBRERLTVS Photo. 6 2EEM LT, ChoDAL
BB BAKRBRERTAS E, ZOMNENTS Fig. 1 WRAN LS BRFHNESHRNZES Sk
EOF KRN 515, Photo. 4 5108 Photo. 5 it k3 &, A 5EAFRKNDHEHL0~15 cm/s T
BLTWAZENDIPEY, Z0XD ICHETIEHE 22cm/s O 45~68% 10 6T 2 FEINTLD T 5
BTHLAC ML, LLOIIBRFNERENSD XEIND T EBHEHT 2,

&EIT (~2Tem, 20em) DFLEORD SRAFICEET 2L, A S FARDKRANITRERNZR
KTRLUTHD SRARICT>TED, FOOLFAMEERT 2HEBER» OSBRI TOZCE, D
SHARDBEMLE TR VISR INICEMBE LD TRDONDE . —HED SHAFDOKRICHY
T3 (—23cm, ldem) FHETIRZORDSHARICL BRI HAOHNE (—2Tem, T om) HHEORRD
SHARIC X BT RN S BEH R L TROBARSLEBICEKRINTO S f1 5FARIC L 21
FHrioF &S 0.10~0.15 I/s TLHED 1.5~2.5%ICEM LTED, 10 S5HARDEEMETO TR,
REMATOFAROHERICHEFF LT D, #->Td LAY S HAFMHANKEE I 31513, #Hho
MCRE U ZREPERENE LTINS,

—% (55¢m, 26cm), (—15¢m, S5cm), (30cm, Sem) BXU (0cm, 26cm) DEFBICHKBOE
EBZHOoND, COBATORKETIIRE CEEFAEI 0 Db OW om/s ORETHY, FEAKBEERE
DFENOTBRBBROTH %, COXD RHEEISFROKEE b/ 0T ICRARADTH B bbb DT
CNDFKBBBIREISRENEZ LS TV EZ EMH b, 2N, TOMBICLHENCHE D SHATRMS -
TENPRBENEER L bDEEL LN,

Prodsic, BUAKERRRTORKESTORD SHAREAKRETRZOWEIRH LR
B> ThY, VLIRS EAFRITFAKOUE, TER, M5 - TREOERBEKERHREZE
FTENBEDOLENG,

4.3 HEEAORR

1) Y=LTcm Wi

Y=17Tcm ORBEMOFRETE/L LickER% Photo. 7 iGRT, AEHICBNT (a) BEEINK
HATHOPE LIcDDTHY, (b) [ 16.7cm/s TEET 25 2 5 ho0 bW 3K LY OFEER
WTIRE LS DTH 5. HRBAKORETEREZRLTOS,

Fig. 2 IWRINTOAFKE ETORREMNSIEE EWHOHBL DI, KEED X=5m OFRORH
BMILADORMLIED SRARDIEF D (ERE) ORBAERL TS, CCTRERIITERZERL
THKREOEEICHHEL, £20—HIMDSHATROI~E ECITNTOL , MEORELR, KIEIHHE
WEETHELDETEREEIE>TEY, FDOFAKOEMADKEEERLTNS,

— X=20cm OF ORI SHAFOTHIFICHE LTED, A SRAROKHEERTN D
WOMEBHIEEINS, CHOIREHOHNEAICELN T IHCRERICR NS X 5 L EHNI LK
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~ MAIN FLOW

1}

(a) Picture by the fixed camera (Tri X film, ASA 400, T 1/4s, F 2.8)

mm————
MAIN FLOW

(b) Piclure by the camera moving with the velocity of 16.7 cm/s
(Tri X film, ASA 400, T 1/8s, I 5.6).

Photo. 7 Flow patterns in the longitudinal cross-section Y=1.7 cm.

MAIN FLOW

(b) Picture by the camera moving with the velocity of 16.7 cm/s
(Tri X film, ASA 400, T 1/8s, F 2.4).

Photo. 8 Flow patterns in the longitudinal cross-section Y=6.4 cm.
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BrFRELTNES,
X=—15¢cm OHOWMAL R~k 3, FlbdbEAMIC X RRTLAE O LFAUOFRE O

BRI DERSN, FOOHAKIMERL THEZEARE LTEB-THEHDTHD, TOKRIBFHARK
OFHBESDHE SRS LRRENBEE { LI LK TEL TV EONBD 515,

@) Y=6.4cm W

Y=6. dem DEIFITER% Photo. 8 iTET, D55 (a) RERSW A A 3L EEINSDTH
b, (b) [3EE 16.7em THHT 25 7 FHOHULMD L bDTH B, fIEER  OFKECHT 50T
Bl dpsh X=5cm MELLT X=20cm fLEOFRGE M L -ARONEERT BEH
BRENBE, —F X=—10cm &EBXT X=—2Bem {HEORBALRTKIREL > T, DTN
OEABEED X=-20cm tHETRFNE L EFRMEIcEL 20808 E N, £ DT Photo.8 ()
KELALRTI A,

3) Y=13. 4em Wil

Y=13.4cm ORFENORIROERE Photo, 9 IIRT, 2055, (a) BEESINI A A FHOHE-

MATN PLOW

(b) Picture by the camera moving with the velocity of 16.7 cm/s
(Tri X film, ASA 400, T 1/8s, F 2.4).

(¢) Picture by the camera moving with the velocity of 25cm/s
(Tri X film, ASA 400, T 1/8s, F 2.4).

Photo. ¢ Flow patterns in the longitudinal cross-section Y=13.4 cm,
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e DTHD, (b)1X16.Tom/s OFXITHBETEH 2 7hoMLEBO LD, © BRALL Bemfs ©
BEOH A SHLMLEI LESDTH B,

COWEICEY AMRERICEWT, X=-30cm 5 —10em it TERAFKSEE L THRES W,
COBRRHKRE OREEEPLEICb > TRD, ¥RBEASHRIBLEUN(RELT S, Fig.2 0F
FRELOFREERAE, CCTRARAZDOFKESET ZHMBY LTEY, ARELL THHT2
WHNFRAREERT 20 0LEZ 53, T (o) INEFEREICENEROR 2 S OHMULED L
L0TH LM COBEELID, KEFEROENOTEMEEL TR L, LU, RLLNBRRER
BT LA ETACESEAETER LTV ALY, 20EBZEARKET I~LomBTHIEb
PBo

¥ (em)
- 40

- 30
- 20

- 10

(a) Example 1

X {cm)

T (em)
- 40

- 30

-20

- 10

(by Example 2
Photo. 10 Flow patterns near water surface (Tri X film, ASA 400, T 1/4s, F 2.8).
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4.4 JKEEFOFR

Case C DEBREZHOTT, KELED 1 om FEOEIDPAIERY v MRONETHEIEL, KBEEH
KRG bhle s * 5 TKELBEORRERE Lice br—%—&LTR 0.1~0.3mm OREDRY X+
VURTFERAD, CEKKBETKEIERI S, BO5NBEHEDS bO—F% Photo.10 TR,
ZNSOERIZWTFAIIC 25 cm/s OEITHBEITE2H 4 JiIck DR UMD INIbDTH 3, KEICEY
ZWHDTINE 32.5em/s THEp D, TNODEHT P L—4 —OHBBEL B> TOAFIRFSESLE
HRENEATHY, + L—y —OHEHEL L B> TOAHRHEI NI LI TS B0

WK &I I3 B 2 D3~ HARICH T HHICHE S » TH B0t U,  Fdidvh S i fd
BRI AT ARROBEBAELNT VS, 20, BEFHRIFERRICHIS L2555 MREIcE L TH
21 EBELOLNS,

WITKEIC B 5 205 DO & HKHE I B 5 it & OMEERMEIC DO TRET 5, AKEICBT 2
Wi Fig.2 WRINTV A, CCTHBORKT IR TRTERY, R T 2R TRERNMSZ
NENHRINS CEMBHREINDS 22T, AKE LORBOREEFIITBEROEE, £ LTHERED
BT 7 THRFIROHZ DG 72 b @28 Fig. 83 Th B, 2DHE Photo. 10 L 2B LTA B &, K

<=3 MAIN FLOW DIRECTION

Y=40cm

~Y=30cm

~Y=20cm

-Y=10cm

Y= Ocm

X= 40cm 20cm Ocm ~20em -40cm

Fig. 3. Convergent region (marked with stripes) and divergent region
(marked with lattice) of stream lines on the ripple bed.

T B 2 EE R 3 KE OB ORET 2 BREREHISHICEET 2 X S BRICE - TED, —H/KE
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(a) Bed form of slipper type. (b) Bed form of two parallel
longitudinal streaks.

Fig. 5. Bed form and stream lines on the bed due to two slant spiral
flows arranged side by side.
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section along the broken lines in (b).
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(b) Stream lines on the bed.
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(c) Flow patterns in the longitudinal cross

(d) Flow patterns in the intermediate longitudinal cross-section
between the broken lines in (b).

Fig. 6 Bed form and stream lines on the bed due to regularly arranged slant spiral flows.
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