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

By Tadashi Urami and Tetsuo UeNo

Synopsis

During the last ten years coherent characteristics of large scale turbulence in boundary
layers have been made clear. The results of these studies encouraged the authors to study the
structures of large scale turbulence with the intention of applying the result to practical river
engineering.

On the other hand, it is suggested that there exist secondary flows in river flows and they
play an important role in fluvial process. But it has been considered that a secondary flow is
one thing and large scale turbulence is another.

In this paper, a flow model is proposed, by which generation and developement of turbu-
lence as well as energy cascade process can be elucidated. Furthermore, it is shown that the
secondary flow is a phase of large scale turbulence in this flow model.

Some visual observations about flow patterns around channel bed and a water surface and
the experimental results obtained are shown to confirm the flow model.
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Fig. 1. Hairpin model after Willmarth et al.
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Fig. 2. N -shaped vortex tube model after Yokoshi et al.

(a) Generating mechanism of ejections and sweeps.
(b) Biol produced by the top part of the elongated vortex tube.
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Fig. 3. Flow model after Kline et al.

(a) Mechanism of streak breakup.
(b) Side view of the interactions between bursting flow modules.
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Fig. 4. Correlation of inflow with lateral stretching, and outflow with lateral
compression, of vortex lines after Lighthill.
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Fig. 5. Conceptual picture of a quasi-ordered structure after Laufer.

Fig. 6. Horseshoe vortex in the flow of large Reynolds number after Theodorsen.
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Fig. 9. Deformation process of a vortex sheet after Rosenhead.
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Fig. 10. Distribution of low-speed streaks observed.

_—12 —



FR- LB ORERC L3RR r—vEQ BT 31 279

M, MARIKEVDRT CRKBRZEFIOL UNDMLEZ i T HFMCEALEDOTHY, EROXSIC
Kline 5DV HEEBICHEYST 260THYD, HAMICIE bursts 2 FATWREEZ NS, CORT
RAERY, EEEOESZE cm 75 20~30cm FTTHY, KBORIFORICELNIC 4 ~ 6 REEL
TWb, 1 (@) K& (b)) REZWBLTAZE, (a) ITA~L ORESH23 0N T BEFBIE
(b) RIOR Ui BDESEMEE ZNENIB LT B LM EN, COT LB EEHOME PR IZKEEK
EALESHBAE I EEM[ML - BENCESARF LV LD &R >TV AT EMNEHESNh 3,

VI EOFEMER X, KBEKEEBICBT 2AR T —VELN O EHK B #E N F Iicid, KToERES
D, BIKECEET %5 2B ML Ay — vk b > TERBINICESL > T D, —FRTAHEICE, 13E
IKEEIBICIUI T B Ay — i b > TEB > THWAZEERLTV B, ZDLIBART —VELNOBERAIN
THEEICOVTR, 4%, FHROHEFRAOIHICE 18D 2RFOEH P DLZE-DOMM & OBED
TR LTOLBENDHA D,

(2) —BokBICET 3 KEROEE

KEIC BT BHNOBRIYRFNOAMBELERIL LD THBL, LrdbEOEASHBENAET
b3, BE, Fig. 7 TRENTVEIATOEFvEMIOKAOH MO RCESOTHS B Sh D
Thb, CTTR, EOEFKESOT, —HREERKRICET ZKETORNOEFZOBA»SEESOD
EFNVDEEMARITT S, AR —VEND coherent 1ML L MICT 27010, ZhOBEk
SEEEICILH T 2B THEIT 3 * 7 TKETORNDBEE BRENICRE Ui, TV - FkRT TR
192951 50T Nikuradse®®? Tk - T, H AR ZDH Tietjens S0 L -~ TEHFEEHBO—EELTH
VWHRTETVAY, BonHROSHENIHTRAT IR EITHESNTETN S,

FERINE 0cm, BX 12m, REKGEI/S00DEMKBTT b, WER 1.20/sec &L, KBTH
WEEE EF LK DAHIKBOREETOKEE 585 cm & Lz, Z0& &OWTEFEENREE 5.1 cm
/sec ThHY, KEEZROIZUVA/ VABEH2200TH 5, T IBEMESEI v F L FEKEICH
%, Zhodhick - GEfish
BiRFAE, KERUEETBPE M < KE
TOYYHE 7.06 cm/sec IC% L
VHEETHTFMICERHT 5 2T
TEHEGE L. BEBRZEEEN
AT, vy oy 2—0 B
228, ®mEBNEIHLE LI
Photo. 2 X D—#ITH Y, HN
BEHDOENLENE->TND, 13
B, UTFORITICHS ) 2EHL LV
T, 7 2 7 IcEESRES
%4 %, Photo. 2 DFITIRENT
VBT E b O ERE BRI
HDTH %,

BEudsHARO NI RBOEES
X% Fig. 11 RT, (a)~(e) &
sHEBTEERE ShEE,S
mAHELNIRBERL, (B)
Photo. 2 K HEL T3, 85

Photo. 2. Flow pattern at the surface of a flow in the

DEHBIUOEMP S, KEEFRE uniform open channel.
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(e)

Development of flow patterns at the
suface of a uniform channel flow.
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Fig. 13. Distribution of measured divergence.
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Fig. 14. Distribution of the velocity of an approaching flow.
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Fig. 15. Occurring mechanism of local flow around
the upstream side of an abrupt stepup.
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Fig. 16. Flow patterns in the vertical section passing (a) SS’ and (b) TT".
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Photo. 4. Flow pattern in the vertical section passing SS’
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Fig. 19. Conceptual picture of three-dimensional flow pattern
around the upsteram side of an abrupt stepup.
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