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STUDY ON THE COHERENT STRUCTURE OF TURBULENT
OPEN CHANNEL FLOW BY TWO-DIMENSIONAL
PATTERN RECOGNITION

BY Tetsuo Ueno and Tadashi Utami

Synopsis

Two-dimensional pattern recognition method was introduced into the fwo-
dimensional velocity data which were obtained by flow visualization and picture
processing.

Variety of two-dimensional patterns of vorticity distributions in the small area
were correlated with the vorticity distribution to detect the characteristic structure
or arrangement of vortex motions. Ensemble averaged pattern of two-dimensional
distribution of velocity vectors, x- and z-components of velocity vectors, vorticity
and two-dimensional divergence around the detected points were given.

Based on these results, the structure and the arrangement of vortex motions and
the characteristic events accompanying the structures were examined.
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Fig. 1. Distribution of the x-component of velocity u in the horizontal
cross-section of the flow (y*=21).
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Fig. 2. Distribution of the y-component of vorticity w, in the horizontal
cross-section of the flow (y*=21).
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Fig. 4. Distribution of cross-correlation coefficient obtained through the
detecting pattern of Fig. 3.

CDIBED Cr DFRE T T & Fig. 4 OBici 3, HTCr> 04 OFEHEHICAHEZHELTHEHM, £0
E— s fhicidohird s EEL o053, KB ARE Fig. 1 E2LET 5L, COr BBRESFHEEE
u DIEFEFICHIHE L TWVWB, —F, AEHELEL CrBAOE -7k v OFETIcHIGL, 2Tk
SHEIL S S T &Ik, sweep BEELTVWAEEZONS, Hb D, MR T HEICEEER
T560, ENSEETAEICEP TS SR TAMICES > TWE b0, WBTRRIRH LA
TV HDENEDOLNS,

3. AXEEDTHEE

Fig. 4 O Cr I BATREATLARHEAZTLE LT, ZOREID 48 mmX 224 mm O/NEIK
LB L EESNTE, BEST, IRERMATHIOVTT vy TAEHRET Stk D, BELO
FEEBO KT E B, TITR, CroBiEE 06 & Lk, FTERRE%E Fig. 5 (a)-(e) i
T MhodkRiz 7 vy v I AEESE TREBEEE, SEHL B A THRSHED K & 73 FRi
ARY

(a)-(¢) RIMEDOTERMERLIcbDOTH B, IWHOFRIBT u ER/NELY, w DHEHEOK
ERETATuN0ER->TVEI EDbhb, £, SROETRDEH, (a) KOFWHE~Ns b
REOMNBEDLE LTERT Ay~ Vv ARLTVE, (d) MicBWTid, FHNLEESTI Fig.
S CRANIBREANY— VOB TAMICHEL B->TWVWS, IH50RKOS LHEBREVDIR (e) KD
TRTREBONGTH B, vy =21 M REmICE WD S, “HRTCREHPEAOHERIZZ Ik ERESS 3
TEARENTZ, (7, 27) OEE (—30, 0) OMNBICE—7 %> IRTHRRSEOHERIT, Bk
EOHRPBL D EHRBIOMETHD ERESSEEEBERLTBY, INWBKRETLL / VIEHOF
ERRTHEEEZLOND, £/, TOLRRBERBO LFRAIE TRANC 2 OHEIERE < IR0

_,4_..



LB - FR: ZRoe Yy — BRI & B BRZKESELE DRI DB 583

D O

[ SO §

P
k]

.............. Rr s s s s s s s d
B e

lated vortex pairs.

TIRFTHRBHIEORRET 5 b b PR ORE AT
HTBEMNEHEN S,

Fig. 2 OWEAFRICBVTIE, BHEOBEBET
FHijic gt L TRFIShTOAFIMBEL ALHh, 20
BETSECHIE Fig. 4 © Cr D EEBICHERIh TV 3,
CORRERE L Yo bic, Ty y TR
NRBEMGHEKE FARICRL K3 EEL 5Nh 5,

Lhs-T, Bl CwaEstortttimtid 2.
HiTiE, Lok HREkT 2 ET 9 v TAE
i z B SBAT 2 LENS D, EDIDIC Fig. 6 1R
f%%%%y@%v. fgéﬂﬁﬁNy—v%@&N{~y&L,%&E&

g//y////%%; iz LT LA E AR Cr A B L, Aty —
&z~ v, BIELES & Bk S — v 0 EFRICHA
A * e HOE/ Yy - v B ER R IREL D TH S, C
2T, OBty — v EE S DId Fig. 3R
SNy — v OMEEBE A MICEREST S

LibDTH 3B,

Cr D%~ d & Fig. TORICKK 3, KIRLE
Fig. 4 L& LT, Cr BRESFERIIKIBIED L
TWb, TOT L, BSBETHEEYT ZHRNLHE
FINSVWI EEZBERLTVWS, SVEI5E, £(<
DS, EIEEEE L CBEBshTw5, Thb
DO—EDHxHZ— ORERY 2 L TV 3,

C OB R ENEN T ZEMEZOERO T v
v 7 VEEIIFig. 8O THE, CITRT7 VY v
TAEE G Cr ORE%E 05 & L, COBAIK
2, @ MkRoShzL5ic@BNoRTARAYr —
NMER 100/ uy ENSTBHERK - TVWD, £, (e
Ko 5 B0 B DL Fig. 5 & [ER it
ok FiRflicd BT Ehbir b,

(e) Divergence

Fig.5. Two-dimensional ensemble
average of velocity, vorticity

and  divergence  obtained 4. BERENT -V DRT—IVDOHR
through the detecting pattern
of Fig. 3. PIEicB8WTIE Fig. 2 DBESRICEHATH 3

_5_



584 BAKFERTESR $3BE5B-2 F2. 4 (1990)

[]erc-0.4 O cr>0.4

Z (cM)

-10+4

Fig. 7. Distribution of cross-correlation coefficient obtained through the
detecting pattern of Fig. 6.
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Fig. 9. Detecting patterns for vortex structures
of the given longitudinal scale.
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Fig. 17. Distribution of cross-correlation coefficient obtained through the
detecting pattern of Fig. 16 (a).
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Fig.19. Distribution of cross-correlation coefficient obtained through the

detecting pattern of Fig.16 (c).

w
[}

N
=}

!
i
{
i
i
i
i
i
i
i

Exceeding Factor (%)

10

0
0

1 2 3 4 5 s 1 8 a
Correlation Coef. Cr+10

Fig. 20. The factor of the area in which correlation

coefficient exceeds the threshold value.

v/u, SEHM D 023 @) &7 0b,
Fig. 18 DA & ZITE LV,

(e) DRy — v HEHEX
7 Cr 0472, Fig 19 0FA%:
FESELOICBIE—RT S, T
hiz, (e) oivy—r& (o
DFENEBFFHHFHROBIRICH B
D ThHB, HELIDESE,
Cr OB 0.6 DR DT 27
(100 v/us SEFHD 0076 f) &13
n, (&) PHPED1/2,HB->TWH
5,

wic, BBy —vicxtd 3
CrRfmicBVT, Crh—E0lL
D RELHBOERELBRL Tl
&% OEREOEOEEICTT 55

&%RTE Fig. 20 DRI 3, KicBWT (a) (&) DRIFrNEIL Fig. 16 iREhi (a)-(e) xtih
LTk, () RFig. 3icxblTw3,
AR L VRO EDEHEN B,

@D Cr#01 —020EAIIE, BE Y - VICXZAERHBOERBDE O, Lich- THEWS
g —vERINT 33, CroBEEEL LB3LNENHE, @ (a) DFhEE () ozhE@BaLT

BY,

CHIRIEMOL L R THAICHES - TRERZEERLTWAI LORMTHELEL LGNS, O

WD ERME, (b)) & (D) OFUBIZEFIE—HLTHWE, £NoMBFhEE (@) XVDRBHTIES



FF FR RSy — vl X ABKBRELR OB E OB 993

BT DD, MBNOBESEMAMICTNTHELESE Y- vBEhEEBBVWEERS, @ (o) @
By —vE () DFNE MBI TH B4, CrHB05LUETIR () OABPRYRELL-TY
3, CHRFIS TR LAL S, RBROSERICAET 3 AMOBESRANTHhOBESRENT
LEBAELTWAEERAOND, ® KB LS, FERTRIEEERE - THEREERT 5 L8202,
ZORLHREE S LONMBRERILE-T (¢ 503 (e) OEFI Y —vBEETE, OXHEY
7 — v ORERZ, UR (@) DERID/NELES,

(I &

BKBHENOKENEEOTRILEELERUEL TRON T~ 5T, ZWw Yy — v B8
LT, BUKBREGOMBHELRI L, ThbY, ERBOEAREBRERO/KENEZ /R 9t
BETHDEEAT, MEEERALT IV ohORII Y — v AREL, ThEiRESE OHEE%E
LBl - THNBLUEN S OBMNETIREEZRE Ui, £/, RURMEOKEROT v
vINEEEHE L, FOERRO I EBHLMITE - 1,

OARECHV SN EESMRICEET 3 ZIRT/$F — vRBBEITE - T, —Riw sy — vEBRETRIE
Z OIS - P TS RS TS S DN 0 ZIRoTHY S BT IIREL SRR & o

ORIEAFILOKERD T v+ v T AFEED S, AXNAO S 3 0 IIHRANOFRESHC LRRORER
BB L RS RWIZ S W,

ORIy — v ie B AIEHORr— L EBLE 200v/u, I EITT 5 &, EEOEH, 578 Mt
BRiixh, zohcid, FRBOEDTEEEENICEVRBEEZ - T, ThiCs 8-> TRXHRE
O FARIFEO B IME R EFIZ E/HhE L,

@O &S BIERS 7o — THRUSNBEEEET 5 L, BRIICER S 2R THRIROBERR &
D, BRICEZ SN RE ERROMERR O BEEINCZ#MTS 5,

GESHIEMMEET > TRIBEERT 5 2 M8, T, ThooMRBTRIRICESISNE/v5 —
YOERIBIC BV TR EBICREL TV 5,

EEXHW

1) LFE#%5E «FR IE«RF. Blackwelder: B/KBEELROKEREHEOHGHEIC>VT, 2B
BIKEEESRXE, 1989, pp. 547 - 552.

2) Wallace, J.M, R.S. Brodkey and H. Eckelman: Patternrecognized structures in
bounded turbulent shear flows, J. Fluid Mech,, Vol. 83, 1977, pp. 673 —693.

3) Utami, T. and T. Ueno: Experimental study on the coherent structure of turbulent
open-channel flow using visualization and picture processing, J. Fluid Mech., Vol 174,
1987, pp. 399 — 440.

4) Blackwelder, R.F. and R.E. Kaplan: On the wall structure of the turbulent boundary
layer, J. Fluid Mech,, Vol. 76, 1976, pp.83—-112.

5) Bogard, D.G. and W.G. Tiederman: Characteristics of ejections in turbulent channel
flow, J. Fluid Mech,, Vol. 179, 1987, pp. 1 —19.



