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MASS EXCHANGE AND FLOW PROPERTIES IN AND AROUND
PERMEABLE SIDE-CAVITY OPEN-CHANNEL FLOW
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Measurements of instantaneous flow fields and the dye concentration in and around side cavity that was set around the
permeable wall, were conducted. Measurements of flow properties were conducted by PIV. On the other hand, DV-camera
was used for measurements of dye concentration. Permeable flow from the side wall of the side cavity was divided into 4
kinds of patterns. From the upstream wall, side wall, downstream or upstream and side wall. The permeable flow rate was set
to 3 patterns. The 3%, 5% and 8% of the main-channel flow rate were changed. The aspect ratio (the streamwise length
of the side cavity / the lateral length of the side cavity) was set to 2.

Flow patterns were changed. In the case of the permeable flow from upstream wall, side wall and upstream
and side wall, the center point of circulation flow moved to the downstream. On the other hand, in the case of
permeable flow from the downstream wall, the center point changed to the upstream. Dye concentration
distribution in all cases was that high concentration area was observed at the upstream in the side cavity. In and
around the circulation flow, there was low concentration. In the case of permeable flow from the upstream and
side wall, the influences on flow fields or concentration fields were the greatest.

Key Words: groyne, mass exchange, permeable flow, PIV, Flow Visualization

Langendoen et al"S¥ETBIA1BE LIckkx ek %

MESEdLIE, FOKMERROBMB I L ke
RENGERBEL TS TWS. flxiE, b
YFEEE LEHAEMRRAL, Y NEBEET
WAL LT AKEMER RN R ERET b3,

T 9 LT RAVRIC BT 5 KB oM B AT H A

WHEB LRI N E TN 9 ThIlTn 5.

SMEMERNTIE, /UK VBN RECB T 5
BRI AR S & AKERZBREE BT 5 EBRPOFRE A
1TV, MRORAEFKCKERBEE XNHRE S IEF
L7EBRBTHHZEEHLMI LTz, £77, Debler &
Armfield?}Z = D & 5 RBAICE A L, BRMEAIC
B LW EOER~DOREBARIZOWT 7 L—FK
¥, 7AXZ F(IERES/NEHEX), TERHED
tLE, BRMEOBRE REMICEL ST -&M4T
HKBEIToT2. TORKE, WEHRHIL, /37 A—
ZEELIRDIHE, BECE T E0HL
TR T, HEF - #E VRIS RIT B K -
EREOWREBENICHSOWT, AV FA REAFL
YT N—FHWIEERHEREITY, BH T v 7 X
DOHEXFREL, ERELRIFI—HKTH &%
R~LTE.

—7F, FINCBIT AT v RRPIEBRICB T 58
BEHABEELEZKFEUEBRAICEL T,

ORI D T ORLESS A R & KRR
OWTC, W ERE LZ&G T TEREZIT> TV 5.
T Lo T, FRES & AKIRE E ORI L
AT &N, Kantardgi®iX A FEMIET N CORE Sy
i, KES L USRS RE S OB ER Lz
EREITV, KEZBREEICOWTEITZIT> TV
5. i EXBE LT Y RRATIE, Uljttewaal et
a3 N7 AT (T v RIRTFAFRRS/V
FRET S AR &), KR, EREZ RHENICESE
7= &M CHBIEEREZITY, WMAVBOKRT & bR
ELTRORRIIEEZRBIT LTS, Zhicky,
ZRT A= I NRIETHERBRE~DOEF GREZH
LT Lz, E72, Bkb TRV Y MEREELS
®5Z Lk pFE S, ELRRMERER L OB
WERBIBROEICEE LT EREZITY, UK
B OMERBFEOHBIIONTERL TN,
IO X o, MERFHEIVCE LT3R A 2ihig O
HMEL, FRICETIHERTFAETS. Lo, Z
NHOMEDIT E A ERFTNEEDOEREMAZE
FEBEL LTWA. FET=, KGRI &V o 7o FEm
BT 30> FoBMEBR YickhniE, BERD
EEIC LY RNBOETFIIELL, ZHICEVKE
SO L THBZERFEINTHS. BER
DOFEARO—FE LT, KEITEBEELEER)

-541 -



OFOHEDOTFEIZL D, THEHRRCES T ZIIDOANL
ENEEICRY, BRERIFEAET D L RS
bhd. £, ZBRMEAKHEZEGRET A ZLICE
STERENTWA D o FETIL, BELEZY R
NODRBERABGETIZEHE LN,

% ZCAETIIBRAKY » R 2 xt&ic, BE
EPODOBFHEMREEA L ERERIZERR L, "I
{LFEBREITo 7o, AL THRARR & LIz DidyiE
O, MEBESHTHD. ERFHELLT,
WEHRANCR LTI PIV VAT ARERLE. F7-,
MERBBEEORSNCHSOWTCE, BERIco—4 3
v BoRgtE AV, BEROEHIHSBREE(LE
DV-b A5 & RAWTEHEIL -,

2. RBEELSIURREH

AW CTHW - EBOKEIL, B-1107 742K 10m
8 20cm ORI EAEMBERAKE THD. ZOKK

U RPNEEEL 2 =0 & L7z, & FEREEST7 ) oo RERE
EHFOREITU, VvV, WEEBL.
BBEREOREFELE-TIRLTWS. KET
FOKENOKERTT v 7L, KB LETOKRE
(~y REVIYV~HRASED. ZOK, ~y F&Z v
I EEIIBRSTELELICRS T T v I ER, KE

Pump up | | Over flow

-
1
DV Camera [} El €CD Camera Lens E! %L“’
R$-232C /\
1

o]
0]

Laser Disc Recorder

Rhodamine B
or tracer

SRS L ORERRES T ZMER>THY, F B-1 RBRE
FHDHDNMNIAE NS L —F—F A b
-1 %

— FALS)Z B F 5 Z L BN FIRER R Bl XA
%‘41‘&7‘;0'(1/\%) U H qu gs qa

Bl-1 2R+ L5z, 7 RERTAK case (cm'/“sagc) L/B, (cm) =0./B, =QJL =Q/B,
BAERACEBE LZ. LIV Y FOR (cm?/sec) | (cm*/sec) | (cm%/sec)
THMESTHY, B, 1TV RRITX

v USD000 0.0

RES2FRLTCWAE. AHETE [ ps 0 33
L=20cm B3LWB, =10cm {ZFREL, U2 3.0
UL K7 A FH(=L/B, Y ERTI U3 5.0 0.0
TORHEME 8’9)'6‘35) BH20ZEHELT. S1 14.6 2.0 0.3 2.0
H ZBH AR TH 5. 52 0.0 3.0 0.0

KERE I T T x 8, KRS USS332 — gg
Iz y‘iﬂi, ﬁ@?ﬁ@&:zm%ﬁxm L, v 0553 30 0 0.0
> B Lt & x =0, WK% y=0, US33 5.0

W, W) s3] ., WU,

00 05 10 15 20
x/Bw
(©) TIHENLOHRBEEIRZr—X

- 542 -

zo
N
00 05 10 15 20
x/Bw
(b) HIEEN S DA FFI T — R
W, WU_)

.

x/Bw
(d) LFEERS X OMBENLRFBEI R — R

B-2 RFKH 27— A DR RIEHFTES 7 bV



B RABLICHB L., ~y FZ I bk
BRI RO AT EI L CTKBRNOREKE RS
MEBAZED., ~y R¥ 7 L ABRNDOEEKE
L DOKIEEVNKRNIC—ETH A0, BEREE
—EMEICRETHIENTED. £, BBEREL
T, ABS IS CIER SN 77 A F v 7 2FEH
L7, ZHIEH—RBRORF R BB SRD 2
WKLo THRRICMIL7Z2b D TH Y, ZERIANCHSE
RHMBEPRBAZRALZERTES.
FREEEFENLIX, PIV 3 25 A(Kanomax #51)%
Wiz, BT E9ICEE 2mm o v—%F—F 1 b
o — MLLS) %, BAAKBAKEMmICEBHE L, KBTS
2:H CCD # AT TRETHU-W Rl EITo 7.
O LT/ LA AHRAES» S EHEREEE A
CTHRMTOEZ HEI L 7=, FHAIREENY, WhBnEE
LTHh6 60 B & Ui, AEWrm s Blar @i
y/H=0.5 D¥KETHDH. ZOHMOFEMIT Onitsuka
etal Ot FHETHD.
PEFENCE, DV U A5 (SONY 8, BEhEERHC

B 2EMEREN 70 TER)E KR THICREL,

AKEHABRESFICRT U TCHRBIZITo 72, 7Y
v JEEET 30Hz THD. BESN-EIE L EHIE
BENCEFLERT B Z LI X » THEERZCORAES
HOMHTBFRE L 22 5. AKEWmE AN E X PIV &
F&D y/H=05TH%.

AP TOEREGEFR-1 (TR T. Z2TQ,,
Q. Q;, EENENT Y RNEO LFiEE, B, T
FEEN O DRBERETH D, FHEOICELL SRR
BREDO A —F — I NENEFHREDOK 3%, 5%,
BWIZERE L7z, T bid, MhBOEE BFHEMIC
FrEECRATEDOTHERNGEONTETDH
5. £, q,, q,, q TBEAERKETHS.

Fr=U,[JgH E 70— K8, U, 3 ERHEICH T 5

—— » USD000
Lemn U2
2 ——-= U3
Q\f, 0.5
0.0
0.0 0.5 1.0 15 2.0
x/Bw

(@) LEEN S DIBE ST — A
K
B

0.0 0.5 1.0 L5 25.0
x/Bw
©) THRENSDHBHFSEF—R

W EFRETH Y, BFr—AL b Fr=02TD—E
e LT, U, BAEHRECORKERECTHD.
= AZITOWTIHE, U, S, D 2% upstream, side,
downstream DR TH VD, FOROEFIIBEREL
RLTW5A, FlziE, S37251E, REENS DRHEE
XHTBY, BEREIRLRKENWT—ZXTHS.

3. RBRRELUER

3-1. BMTEHRES TN

(a) BEMFEHTERY ML H

H-2(a) ~ () icfREHRr—RE LTRRLZ
U3, S3, D3 BLUNUS33 DEHFE~R Y MEER
T 22 CHEHEROBEKIEU,,, & AV TERITE
LEETRLTWAS. Uy RRETR b 2 BHE
BRESAEEO O E D& LT, KA FRANER
RRE LSS, EHF»S R CEEHEY ICBRT S
KREBRFAEST D ZERZTEND 7D, K
THBE LERNS THLREL, 7 FRETRHA
EBERENREL TSI EREREINT-.
BHr—AkET DL, #¥—A U3, S3, D3 Tiifl
BRORENEREIND. LML, ZOREMBER
HEIELL, MABELL TW BTN,
—J7, US33 TIRERMIIBEL T2, Zor—
A1 FFERER L ORIBEN LB BREZ A S EE
NRE—=DHL, RLBREREPKENT—XTH
5. BBIFIOr—AREOHREEZMAIED L
EEREmBEE LV ERbhoT.

(b) BB EPLEE

-3 (a) ~ (d) I &7 — A CEE SN KEEER
WBOWRE L OFIMLBERT. 22T, #@oF
DPLEBIXER U7 IR BEIC 3 5 B X IR 0 UL B
&L, fLMIE TORBIED 98%DEE & A HifMs

1.0 —— o USD000
~-- & 81
---% 82

~% 83

x/Bw
(b) HEED S DABR BRI — R

—— ¢ USDO000
1O - A US32
---m US23

¥ US33 ciﬁﬁ?f%f;

0 R
0 0.0 0.5 1 . 20

x/Ew
(d) LyeER T OMUEN LBFZE I — R

B-3 Vo FRNETRETABBREOPTLMIE &R

- 543 -



z/Bw

10 15 290
x/Bw

(@) EFEN L DARBFI R — A

z/Bw

00 05 10 15 2.0
x/Bw

O FHBENL DHRFBS I — A

00 05 10 15 20
x/Bw

(b)RIBEEED b DHRFE SE T — R

z/Bw

“00 05 10 15 20
x/Bw

(d) LFiRER KO NS RB S BT — A

R-4 FEHIEEIREE A C/Crax

ke EE L.
LHEBENSORBFI RS —2 U2 BLW U3
TIE, BEROBIMIAENERIBORBANED TR
M~BELTWNAHZ N5, 77, @BEROE
Ly, BREBOFEIEFHE HILTHAZ 2D
WD, EENLDHRBFEI T/ — R S1~83 128
WTh, BREBOBAMBEIRFIRDOEIMIAENT
RU~BEL, BREBOBRMELEE/ LTS, B
MHEBBREHRAIETWVAIZE b 53O
PLEN T IAI~BET 2EHAE LT, ()Y FHEH
T B OB FBRIIMAEBRICERBICE>TE
M~ LEESND. QU Y FRE LK TORS
ROFEE & FR\BOWEB L TWD, 202D
DT OND. ERA~FHT B FMOFRIHEE X
M, TOFERE LUTHEREBI TR~ LEINE
LOLEZONDS., —F, THENSDRBEIE
-4 —A D3 TiE, WwmFM7E, \BERE BICET
OEEBRRLND L OO, BELREBLIZR L.
BERBITANTCRIZTTREL, WEED D OB
BLREL, THENSOEENREL/NSWI LA
bhotz, S50, EHREER JUMHEEN S FREIZR
BRA/BEL TS —2 US32 BINUS23 I8
HY 5L, WBofOiERIOMEERE HICEEIC
BELTWABRIBIBEIND. 0B, —A US33
T, Vv FRBTORBRIROBREIIRR SN

o7,

3-2. RESH - EERH
(a) BEEYRESH

z/Bw

M&f
BE-1 AfifkEsmo—H6

H-4(a) ~ (d) iz 7 v FREIEBRZ A S,
PEELENLE L THhDHOBMESRE S CiziE
THEEREERT. BE CRER-1IURT XL H 7,
LLS FCoOEEL XY U L —ars—4kh &
W7, MENSREEICER LR, RETEHLE.
Z 2T, BUSR LTfEIEE 7 — A TORKIBE Cpax
TERTIEERLELDTHS.

er—-23E L TRONDEER & LT, BFEN
Z—BILOBEREOHEII»PDLT, TR
RER ERic B W T HBRNERESANREONS Z
EMBEITFONRD. iz, KEEFBRELIBELTY
L TCIHERBRESHR L 2o TWB I NP5,

K —AMOMEIZEET S &, US33, S3, U3,
D3 DJETY ¥ FAE_EFRRIC R 2 iR E ks
TARLTEY, THRECTOEBEERRI /N T
LI ERbNPE, Zhix, ERLEESEF—E
BRBOME « WIREBLEHIELTWD, KIS

- 544 -



. A
S Sl
075 / 075 A
# ° E //«
°
) ; .
g A S £
2 i S /
= 050 H =, osd )
g 4 |5 f
{ S
&) / &§) /
0z 05 ¥
H
® 00
Y - y . —
[ 2 o 80 o » w0

t(sec)

Cl0VC,

t(sec)

—D3

60 80 0

T
20

T
40

T
60

80

c, 0/C,

t(sec)

(b) figEHLOHBESHELY -2

1(sec)
(c) THRENLRFI YL —R (d) bHBELURENLRBIYES—2

-5 B EA{LDORERS

z/Bw

“0.0 05 10 15 20
x/Bw

z/Bw

0.0
0.0 05 1.0 1.5 20

x/Bw

(©) FIEEN L DHBRF S I —R

00 05 10 15 20

x/Bw

(d).LiEEdR L OMBED BIR B ST — A

-6 EEE?}JO) RMS f@%jﬁ Crms/crmsimax

BRIENEA L TWAHEEITY  FRE IR
RHEERTH DD, ZOHERTYEMERT S
Edel, BREERICHENMERH LTV &N
FREEZOND. THENSORBRBESEr—
A D3 ICBWT S EBEREKIXY v FNE Ltk T
RoNAdZ L, ZOZERERTHY, THREEN
D OREFD L E CRERBWMICL VX I %
EHLELDLEEZLNDS. LHENLOHREES
¥ —R U3 Tl r — R 2T TFRIETD
BEMEV. iU, EREED»S OBRBHRIEERR
DY EF—rT7a—bEHETLHI LITED TRIKICE
THMPKRTDEERENWIEREREEZ LN
B, 7, AEENSOHBFHBEIRTZSr—A S3 TH
oD —R LEER, EWHBICBWTERESI MK
HEND. Zhi, RENLOBBRAERBICL
ST ERA~ LB EINZZEREREEZOND.
LUREER K OMAIEE D H BB S 72— X US33 T,
ERIRTR OGN 5 BEEREAML D — T AT

B L, Uy RRERCHT 5 BBk D R RSN
LT3 o L Rbrb.

(b) MEXH]EE

K-5(a) ~ () ICBRBHEZR LIBED THHOT R
PR DB EE ST ELDEERY Cine(DEFT. 22T
RTERER, BESMERRNERANWTY VY FRET
EREH L= D THD.

LBy
Ctime(t) =

[ [elt,x,z)dzdx )
w0 0

T DT, BERET LD TU Y RN TR
WC—EE R BE Cox AW TER (b LE. T
RRNEIZEDZRBOB &R’ EBMIT 512~ T
Cime(D)/Co XM LTV KL .

BESLOARICE R TIUE, §FREF—IC
BWTEBHENMEMTIEAARIC D Z b
nNA., ¥, BEAY—UEICEBETE, Tk
D, rHEEDIH, MBEORA, LitEER X UMAIEED

- 545 -



CEBIEEF—RADMEICARNSEMLTWS. B
BTN — L o THERBEECRIETRENR
RBZEVBHLNE RS,

(c) BEZEIOM RNS {E5

K-6(a) ~ () iz T > FNFHOBRELSHAN —EITR
SThHORELEHRICETS RMS EO%@EE
KR, 22T, FEATORELEHRS 1,x,2)
BT % RMS % Cops & EHETS. 25 LTHEDS
NI Cos BB T —ADHERRMSETH D Cos max &
AWTERTIL L.

WD —R LTS, Vi KWEEE ZmER
EOBERHICBWTKRERMEEZ L >TWVWB. I,
BERE COMBILMMORECER LR LEEZ
bh 3.

B —RCEHTBE, LEENSORBRESE
Telr—A U3 TiE, BRETOELREWE, T
FAE ERRICB TR XEE2 & > T\ 5. itk
MO DBRER EBRWPLDOY ¥ — 70—z
THZERRREE R BREREPERIITONT
WA LHRI SIS, 72, THRERTORELEN/
SWZ L ERMTEHRESH LD, T OEKICITE

BRABMESNOIRIIDRV I ERH LN E o7,

REEN L DHBES 2 —R S3 TiE, BRBHD

AL & TPRDEITHED Cre FHOELBROND.

FEERIGE TY Cop OEITEMLTE D, BERS
PDELTCHBZ ERbNE. —FT, Vv FHR#ELE
WK TD Cos EITNE L, BERSEIIEEELT
WARWZ ERbME. ZHTRERENEERICH
fBEN, BRAENBIZR-oTVWAZ ERERE EE
o5, BERMBEEL TWRWS—RE T0—
RE—UREHEL L T\ — 2 D3 045 T,
INETRITONREREZR L 2WVENETD
AMEHBEO YA EER Lo /mE L TW5h. fiKFE
WEDTO Cr EHLEEMLTEY, BR\BIZHH-T
MEREVECTHAZERbNS. LiBEB LW
RBENHBBES R/ —ZA T, ERLY bIrLA
U R TORAENKEL ZoTWVWA. Zhig, 2
Hab ORBRVBHE RS LD L BER
tEZOLNS.

4w

BEREZEALEZY Y FRAED TORNLEMTR
S UOMERBFEICBT 2 AL ER 2T/, E
BEMELTL, BERY—VEBEREZELE
B, TR X > TEHELNTFHBREUTIORT.
(1) THRENOOARBES®r—ATiE, Vo F

NECTRET D XKHEBRBOPLAEN L
TE~BET 5. —F, EFHEED D VT EEE)
HORBESELI—ATIL, BBEHREOHEM
> TRREORLAEZ TR~ 8T
3. BT, LiRERIOMUEENL L ORE S
7o r— A2 TCIE T AR EFR TR ~BE T 5.
(2) BERIFENLECRITTEERIL, LRERE

OMAIEE, (b)IEE, (c) bFieE,
BERDOETRKE .

() Uy FAB LB TIIEEESA THY, BER
BRREALTWAER CIHEBELSMATH D
TR EINT. FEOKR/NMNI L o THER
BT ANENDTDTHD.

@) HEXHBEETBBERESEMT 220> T
W+ 5. ¥7-, Q) OIETHERBSERENM
Y

B) ERMEE T > FRFM L OBEABICBVTHE
BAWERThH-T-. —F, ERENSDRE
BXRr—ATIX, BB L BRIEE OFHE
A TOMERENEE ThH- 2.

() THEEN S D

2EXH

1) JUREE: MIERAEICRT 5ORE R & KKK,
% 27 EIKEBHEIWICE, pp.813-819, 1983

2) Debler, W. and Armfield, S. W.: The purging of saline
water from rectangular and trapezoidal cavities by an
overflow of turbulent sweet water, J Hydraulic Res.,
IAHR, vol. 35, pp.43-62, 1997.

3) JREFHL, MERC: BARMEEIICET DK - ERRM
OYEHE), KILFRIE, %447, pp.1077-1082,
2000.

4) Langendoen, E. J., Kranenburg, C. and Booij, R.: Flow
patterns and exchange of matter in tidal harbours, J.
Hydraulic Eng., ASCE, vol. 32, pp.259-270, 1994.

5) Kantardgi, I.: Groin area water exchange, J Hydraulic
Res., IAHR, vol. 34, pp.161-172, 1996.

6) Uijttewaal, W. S., Lehmann, D. and Mazijk A. V.
Exchange processes between a river and its groyne fields:
model experiments, J. Hydraulic Eng., ASCE, vol. 127,
pp-928-936, 2001.

7 BARE, BNER, ABBKE  ALbA L OKZH
g E 2 ORIEREIC BT 5B, KIERIE, B
46 ¥, pp.571-576, 2002.

8) (MONIIBRBEEERME KBRBFFERT : A EDBREL
R - A&, 1999.

9) IR IEFFEFLERRBEE : U v FOKEFR
L FIBRSE, 2002

10) Onitsuka, K., Nezu, I. and Takahashi, S.: PIV
measurements of side-cavity open-channel flows with
several shapes of open-mouth, Proc. of 13th APD-IAHR
Congress, Singapore, pp.50-55, 2002.

11) Muto, Y., Imamoto, H. and Ishigaki, T.: Velocity
measurements in a straight open channel with a
rectangular embayment, Proc. of [2th APD-IAHR
Congress, Bangkok, pp.353-362, 2000.

12) AFF—BR, MM E, MARZHE  BARIAFEARE D
OXELES - REESEE, KTERIE, F415,
pp.711-716, 1997.

13) Czernuszenko, W. and Rowinski, P. M.: Properties of the
dead-zone model of longitudinal dispersion in rivers, J.
Hydraulic Res., IAHR, vol. 35, pp.491-504, 1997.

14) Chen, D. and Jirka, G H.: LIF study of plane jet bounded
in shallow water layer, J. Hydraulic Eng., ASCE, vol. 125,
pp-817-826, 1999.

15) #WEFA, RE=H, SFHRS, REBL  MECM
BE2 AT 2BKBERICR T 2 WERBIE, TAFE
SBATE EFEREHHEBESR, 2002,

(2003. 10. 1 =A%)

- 546 -



