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EXPERIMENTAL STUDY ON THE THREE-DIMENSIONAL
TURBULENCE STRUCTURE IN AN OPEN CHANNEL FLOW

By Tetsuo Ueno, Tadashi Utami and Yoshio Kitacawa

Synopsis

The large scale structure of turbulence in an open channel flow was examined by flow visualization
and picture analysis. A horizontal cross-section of the flow was illuminated by a sheet of light and a
pair of phtographs were taken in a short span of time using the 35 mm movie camera. Then the illu-
minated cross-section was quickly shifted upward and another pair of pictures were taken. 15 pairs of
photographs were taken from the channel bed to the water surface.

The photographs were digitized by a CCD digital camera and vlocity vectors were calculated by
multi-step correlation technique.

Characteristic features of turbulence structures near the channel bed and in the upper layer were
discussed based on the three-dimensional distribution of vorticity.

1. # i

BLIRICEE T 2 EERAIFTIZAIL 1940 ERXLSLRAIITDONRE L S Ik o724, 1960 E£RHD S, BigifEsH
X BEHAHM L ATEROREIZL - T, ELROEENEESHOMCENTEL, —F, 1950 £R_%E2
5 1960 I T, Hama® % Kline 522X 5T, HNOTHRILERD & AWFELT T IS HBE 2 %
BHEETH I EFRVWAESh, DBRANOWREERR FUFEEBITE T BV RHEOB NI & 5 TEL
ROMBEEOMBAMNER L, L2L, ThODERWHEICIBVT, Yu—7FHlECialiifgtr 2
HENRZ B EIZBERAMS ), HAOHAETEIRROEHHBBICLE LT - TWVE LS ) MEIE -
Twiz,

1980 A A o THRIEHZEIZH L WFESEA S, —DRERLEIC L AT HRICEROBEILFIE,
R D—> FERDBIEBIFFETH %,

ATFFL L, RABRIELROKFEMBEOERBZICL - TE-EHEBEGTERBN T A2 L2 N ElFToz
B LEBELBHALLIOL L DTH S, EEREE 5mm BB TEATAIZ LI NEELY Ot
ROFE L DBERICEHIBE LML IEH I EATEL, KB 37.2mm OFENLOKBESSKE T TO
15BFE A 3 I bz » TEBRMICHRE SN2, FERTRED D2 TEOAND 1 BD 15 BE OBREEER
PRI LRIV THET 5,



582 BB KAFZEIT RS 45 36 5 B-2 E5. 4 (1993)

2. £ B B &

R B (I 40 em, AKIE 3.72cm, WTIHCEHH 10.9 cm/sec) DKW % E S 2 mm O
2y FETHB L, 22 TORNE M L—H—EIl Lo TIHAb L7z, b L —H— & LT PR
0.4mm DAY AF L k& HW. BRI O S 2 KBK L 1.5 mm O #EA S KiE$ T 2.5 mm 2
KA L RBE) ST, KWUETHNORIRE DRI (1730 sec) CBTOTIMWEE L7,

Fig. 1 12 EBEE 27, § B 2 AACBISEL 228D, KBNORY » M ETE2 L9512
B TH Y, WIS KL TRIES N 35mm A=Y =% A7 (Photo. 1) THFE SNz 7
XTOWEAY — PGk 30 3=, v v ¥ —iFmEiE 1/60sec T, BHY v v ¥ =250/ AfR
BUREBLTY v v =D LT 5 1/60sec DREIZAY » FEASETICBET A L) 128 B (Photo. 2)
OFEHY Ty CHEESN TS, SOFEICEY, KB 5K F TOI5OKTWRE TN O FH %
lsec THET AT ENTE S,

35 mm Movie Camera

T

8
o
[}
S
Personal [
Computer
Channel
. Mirror A
I - Light Sheet
X Illuminator 8
Mirror B s @ ~
Stepping Motor C
t

| 190 cm |
r 1

Fig. 1. The experimental setup.

Photo. 1. 35 mm movie camera. Photo. 2. The mirror system for light sheet
shifting.



L8 - FE - AN BIKBEELI O = RocHE (BT 5 EERARRSE 583

FHLY @’ﬁi‘lglme BCI34B030mm AF—)Vh AT MB SELHESES NN, ZOKETIE
H A 50)1Eﬁ%% REDNHEET, L2ddunigil 16.9 o~ LaECTEX T, S OICHEMT OB L
v R éllx/i@!,'ﬁ“{‘ﬁf)\'é K% b%ELGLDOREDL S 720 35mm L— ¥ —7 A 7@,..}\ foTh
5 DB A S iz,

A) M OAE & BRI & O T Fig. 2 128, REERIZB W TEKEBIE D S KT E To 15
Wi Oz A3 M)k Sh, 2 x 15X 3 =90 :170)7?;'721!‘!({%%%)?15}: % (VAT S % (WARA N R ARl
Photo. 3 12779, HILUIBWT, AL SANUZM D - TW A, A OKBMEET 21, Kiiow o
FEEAZ FOGIEAT D T 5N T D TSGR IS T L LTHW SRz, 2 ORGSR 3

4.‘
Flow Surface
y(em)
34 {: Camera Exposure /ﬂ
0.0 0.2 0.4 0.6 0.8 1.0 liZ

t{scc)

Fig. 2. The space time motion of the sheet light and shutter timing.

Photo. 3. An obtained photograph of the horizontal cross-section of the flow.
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Table 1. Dimensions and resolutions of photograph data and analysis

Number of Pixels Correlation Search Vector Number of
Pixels Interval Window Window Interval \L}renctgrso
(pixel) (mm) (mm) (mm)  dx (mm) dy (mm)

Ist process 506X 356 1.28 34.6x21.8 14.1X14.1 25.6 25.6 16X 17
2nd process 1014X 714 0.64 17.3X10.9 83X 7.0 12.8 12.8 32X 33
3rd process 20301430 0.32 14.4X 4.8 2.9% 2.9 6.4 3.2 65X136
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Fig. 3. Velocity vectors obtained through multi-step correlation technique (the
cross-section of y*=27.7).
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Fig. 4. The contours of the longitudinal component of velocity (the cross-section
of y+=27.7).
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Fig. 6. The contours of the vertical component of vorticity (the cross-section of
y*=21.7).
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Fig. 7. The contours of the longitudinal component of velocity in transverse cross-sections.
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Fig. 8. The contours of the vertical component of vorticity in transverse cross-sections.
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