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STUDY ON THE STRUCTURE OF LARGE SCALE
TURBULENCE BY FLOW VISUALIZING METHOD (2)

——On the Relation between Bed Forms
and Large Scale Structure of Turbulent Flow—

By Tadashi Utami and Tetsuo UeNo

Synopsis

Experimental studies are made about large scale structure of turbulent open channel
flow with the aim that the results can be applicable for the practical use in river hydra-
ulics. Flow patterns containing eddies on water surfaces and ones in crosssections are
visualized by the camera moving with equal velocity with the mean flow. Flow patterns
containing low speed streaks and bursts near the channel bed are also observed. Artificial
roughness elements are arranged on the channel bed in order to regulate the flow structure.

The results are used to compose the structual model of turbulent shear flow, by which
developement of secondary vortices to secondary flow, formation of surface eddies and
boils, and occurrence of bursts, sweeps and low speed streaks are explained reasonably.
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Photo. 1.  Experimental facilities.



FR - L5 AARRc L 2 kR — A L hicBIT 28R (2) 335

BAEEL Y ECHD, ¥HOREE 20cm T, KBEOLXS
EENTHD, LAedioT, HEHOOEMED S bO¥ 5% &
AEBTCLICAZRTH B, BAGIFHMEL ZEFLE

BCBET 5L, XU BMREE: OIS 0m B (2] pee F A
5T LEERLT, SR 2KRECRETHBEI-ICERTTL ISTSTSTSTS
EL 7, —— >§> %

) ST & HBRAS >> >>§

SRR E 12m, 8 Ocm, HE cm OEFARTTAD S >: 25282585
hichs, 205 bRX 2.8m OHHMHIEERT 7954 i (b) type L (d) type X
EcfEbh <y, KBERS X ORI L ORRENS X UR Fig.1. Types of bed forms.
BRAEA L SKLTH B,

FERICA b AKBKFER Fig. 1 KWREWTWE 48 TH-T, () RFERK, b) dETHE
KWE 3mmX3mm OE% Scm HFECREL ZKBK, (© RARE¥GHECEE 3mmXxX3mm O
% 10cm BIBICHEL KKK, LT (d) RER 2.6mm £ llem O$te% { DHHICEAICH )
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Table 1. Experimental conditions.

No. of | Discharge | Width Bed ‘lsv:;fé vl‘\;{gzﬁy gﬁgﬁnﬁ Tracer

Experiment| Q(1/sec) | B(cm) Slope H(cm) |V, (cm/séc)|  Bed @ ®m [ ©
1 1.2 40 1/500 5.85 5.13 F P
2 0.82 " " 3.80 5.39 F HO
3 0. 50 " " 2.50 5.00 F A |HO| H
4 " " " n " L A H
5 " " " " " T A H
6 " " " " " X A |HO| H

Measurement (a); Flow pattern on water surface
(b); Flow pattern in transversal section
(c); Low speed streak lines
Tracer P ; Punch trash
H ; Hydrogen bubble
HO; Hydrogen bubble and oxygen bubble
A ; Air bubbles on water surface
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Photo. 2. Flow patterns in crosssections (Experimental condition of No. 2 in Table 1).
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Photo. 3. Flow patterns in crosssections (Experimental condition of No. 3 in Table 1).
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Photo. 4. Flow patterns in crosssections (Experimental condition of No. 6 in Table 1).

— 11 —

341



342 KBS KPR SR #5205 B-2(HF 52.4)

@ Photo. 2

Table 1 ® No.2 DKBEHDOTFTTCOEETES, H 2 FOBEMEER 5. 6cm/sec T, B 0.3sec
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BONDBIZE S 2FKMPL, TRCHIGL TABEKL S KR IR B EFHR AT OB 2KBICE T
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COFHR Table 1 ® No.3 DAB&HDTco ABMIEAOTRERLC oW and small
W3, A TOBEEEIX 5 6cm/sec T, BEEHIT 0.3sec THB, KICRLA :f,?,t?onzors;r
Photo. 2 L3 L, COFRDBACREEL e 2REDREZAEDICL v, T Kinoshita.
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S Ensrd s ABEbLN, LDl 7ARGRE8 2a<ICHIELTWR T EXTBLIE, TP
X5 AR THADRKEILOHA 748, BCATREEROEBAIKLS 3D, FbKHOFERERIKD
FEINTVE HOME, ELICRFAYETERTH 2,

3.3 KHEASORAREYE

Photo. 5 Z#EDKBEKTED b & COKBREFORA L KEKBELCL > TRAZSD TD 3,

——

a5
il
[ o i

(a) Typs B (b) Type L (¢) Type T (a) Type X

Photo. 5. Flow patterns near the channel beds of various types.
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<row <Fiow

(o) Type t (4) Type X

Fig.3. Arrangement of low speed streaks on various types of bed forms.

@), ), © BXUV ) rExhfh FH LA TH iV XHOKBRKHYELELCHEEOER
D 14lc, 2OAEL&ERENEFR Table 1 @ No.3~No. 6 ICHY%T 3, KEZTHEREAASBRI KK
KiEiAp 0.5cm O & CREERNTRCKPCRBEINTEY, KFEKER 10Hz O v RRICEEL T
w3, WIENOKREVEOBEC ST HEAMENKBER HACELL T 3 C & BS3EFEL TRDHL
h, 2k, KEENHFSCH 2MEEZ B TRKEIRTNCEEAS UNBEFET ST L - THEDH
bRTWw3, COKERRTIO L LT 38451k low speed streaks 3 3\ IHEE & IFEN TR B LD
CHBLY, 2CCRERBRAEELET S, ¥k, CUNDESHELCEDL, AEXROBEHEA - T
2X5ARBrRk A YT eELLNh, T @RIV X BREOBAKCEAbhE, ¥,
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FERELTVRZ ERBH LIS,

PED LS ZEEEB L FA—R FORERAOBEE > b AFBARRER L DL S AR LTI N EH
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Fig. 3 B e AUABLMHEDDS LT, Wiy | BECERFERYL L& EOMESHORBELT b
TERZDDTHY, (@), (b), (€) BT @) Brhth FE, LB T HpiU¥ X HOKKKEKY
MBOY L TOEBRERTH D, ICHFIACEVZT LREERECHEHDNEEREEALALIOTHY, %
NHOFCRTEYHICE A=A FBEETR TS,

¥, FHEBKOBECODWTHRET 5, Fig. 3(a) KB CEEROBEBCIE L d 0PLERRHIC
BT BVOBDY, EABYES EERPERCELL 2bDED D, TOX5ARREE, EEKEF?2
KRB L »THKEN, 208 2KBETFERKOBECIEBEHTHAMCRETS WS £D 3.2 C
DRERHBERIORBCEREINS 5, Thbb, Fi#O Fig. 8 IWRah 2 k5 EERL 1 /o2
KB > TERINDIRE DD, F2RAEAXTHUHCER NS X 5 AKEEEO T CREERLAH
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(«}) Type F (e} Type T

(b} Type 1. (d)  Tipe N

Photo. 6. Flow patterns on the surfaces of flows over various
types of bed forms.
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« FLOW < FLOW

(b) Type L (d) Type X

Fig.4. Flow patterns on the surface of flows over various types
of bed forms.
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Fig. 5.

of valority

Clonceptual picture showing
the spacial relation between
surface eddies and the large
scale structure of turbulent
flow.

Photo.7. Variation of flow patterns on water surfaces. Photographs are taken by the
camera moving with equal velocity with mean flow.
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Fig.6. Time variation of flow patterns and vorticity distributions on water surface.



350 KBS KRR 55208 B-2(HF 52.4)

D Ch B, KEKEYT LEEHWATERX 7.1cm/sec TH Y, H2ATOBHEES TN ERALTHE, %
%, ¥y X—OBHEREIE 2sec CH Y, BEEHZ 3sec TH B, Photo. 7 L BTk, Bbhik
KEAE—VE, ZTNLD5bhb 1 0BECRBELTRLZDT, £a~<E0FMIE 6sec T i
hbo ¥, KANE—VOREERDOEIRDETENLCONT, b dbFHBEINLKAICET 2B
Eonfik, KECEDHEOEERE 2HbeT Fig. 6 IKRL %,

TNHLOEERBLURAL, KEBRO 2KTHALE L EBRIREOHH L EELBEEL D - CRHL L
BRBONE, T, KERD 2KRTHARE LBEOSTH L OEECOWTRRDOT LHFEHEINS,

® Ayr—rOKREAZBAEDIFBLUVHROXEARBADIFIE LREOEMEDIRE Ao T
%,

@ A—@FOELTRBECHBZRALL, BYESBRIIOHCTREOHSRIHL LT3,

® WBOBEBLMECBEDCEAED S IENMESRBEL TS,

ki, KEROES & @SR e OBEICERL T Fig. 6 R TH 3% &, XEROEDD 5 EHRIC
1, BEOHF, KEBPIUBRRELVIBELHELA—EOREREDLLVIESTHE, EORRED
SHLBELARBTILRDES5THB, Thbb, #1KETR, BESRICERL HERSHRUA
RKDBEHRCHHT 5. EORECORBOBRER, Ar—1LOXEEEAREDH KT 5ICRE
bF, WOHDNEABEYENLT (& il Fig. 6(d) © ELHHD) H5IXHMROKX & ARIEHRD
BELAEY (k2 iiE ) OFEEFERS) KhsTw 3, F2RETE, BEOSHVEBURROERD
B EROFESWRCERT 5, T D L &, FALAKEIEC, KEBSEREINE (L il @)
DEALEFR, (b) O hREFRT), HIRETR, KEKET 2RECEPFRE 2 RILMARRK L
Y, ABRCEOEPFEBROAr -1 b KELS D, TLhCHIEL T, KEDREBHDORAyr—1dKEL A
Y, BOEAbDLAED (ktild () OFEEHES, (6) DELFED). tLTREDORIECR, £
FXEONBEREED 2 VEBREL, BEHIFEL, Mr—10b0L i3,

L EDBRFT TBUERROEFRINLBETR V5 08HE40HE 2HRBICHIEL TR tELLR
3, Le#oT, UEOBHERD, 21208 2KBELL 1 OOKEREURTIHEID LM, —i
CEE2KRIABE S LEECTELA-TEY, ZOMFAOKADERL L TKERSERINTWELRS
HERYEELbLE, ¥, KTVE, EANOKEZ— v OIRBED L DHICEA LOF| & WEROEE
DEH L w5 FHE A, ERKBTCOKE L —VORFCEWTRKEROEEL ot HEYE
HATHbc 2 EORERIRL TS,

4. BABAIO 3 RITMLILFAESE

BB wTRRLzET AL, EROERBRELATIC LICL D, BARIEIO 3 RITHAILEHE
HDEFALELLT Fig. 7 2RET 5, UTORBEEAETALEILTITES,

4.1 R4 NEKTROER

HIKRBOEDICE > TREL ZFE 2RBONBOTH RFHRHICEL o CTHREA~BLE SIS LERFIC
Edt e b A= DB L o CEH~D B EFONEDT, 4L LCRABKLADEHEE S - THE
Tgbhdrichd, BARKEhCETECDX S ANHBTOEECOWTRAR « KRB OEESD
%, #%ix, Fig. 8 KRxh3 k5K, TR ARNEREAHEL T, LOEFIKEFRRICE CEL.
LECAETBEHRDOTHE, NHBETOERHPAKRHERCEST S L, foEAE (LHAE) OFHD - » b
BEFAEY LR X438, KARRTFOEBCHL CRETCE L BERBLASREES L, NEBEOHE
BREECHHRCER S, Thbb, BECEBAMRE, RECIHAMAZ VLT, CORBINE
BREOFRFHEDODIEMBT 5.1 LE-TE D, FE, ERAKP LA TED, kX, K1 ALOF
BEEENEBRFOFEMHHBCETEL WL WS BRCIDL, ECB~ZKEROMREHETT 2 L5

— 20 —



FR -« L8 WRARICE 3 KAy — VL IcBET 2B (2) 351

i
|
I
!
!

Secondary Vortex
'

Vortex Sheet Composed
of Primary Vortices

Fig.7. Threedimensional structual model of turbulent
shear flow with free surface.
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