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An Experimental Study on a Characteristics of Flow around
Groynes for Groyne Spacing
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Abstract

In design of groyne series, groyne spacing is a important factor and have an effect on not only the characteristics of back-
ward and recirculation flow in groyne zone but also flow field in main channel. It is necessary study about flow pattern of
recirculation zone and main channel that is a cause of bad change, local scour and bank erosion by groyne spacing. In this
study, flow variation of groyne zone and main chanel for spacing of groynes were analyzed from the experiment results in
order to offer a fundamental data that can be used to decide the proper groyne spacing. Experiments were conducted 12 cases
for groyne spacing(L) by groyne length(/) rate and the velocity profile was measured using LSPIV and ADV. From the results,
two vortex flows developed in recirculation zone for L//=3~9 and three vortex flows developed over L//=10. The velocity of
backward flow in recirculation zone was decreased up to 20% over L//=4. The velocity of main channel flow was increased
from 1.3 to 2.0 times by groyne spacing and the rate of velocity increased by increasing groyne spacing. The maximum veloc-
ity occurred in 0.7~0.8 times of groyne spacing downstream of upper groyne.
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Fig. 1 Sketch of flow area between two groynes.

o2 Aok}l Ut} Acheson(1968)y A &2 Ziwo
o3l Li=2~49] 1HAE ARKEIHOY A AR FA) F
e} 2jal SR TAE Afo]le] BAlel tis) Eelsh
7S AT S8k Fenwick(1969) A4S
AXEAo| o) Fradedl Al HHoREE L/
1=2~2.5, AMYRS FH] Aol LI=35 Akl Utk
Richardson and Simons(1974)= AX|Zzo| wel L/-
15~209} LI=3~69] ks AR 2 == & W
S THRE FAFRAAE 46, Z2 WHAS 2 AR
A= 3~49] 7S AkIAT). Jansen 5(1979)2 2|4
FAHNE 7122 AXES v A% 2] ouAd

2)0] eg w33l A3

S=C,d">gn’ (1)

A7 S: FARYA, CpollUA ELAIE, d: 74, ¢ 9
7T, n ZEAG olth AEA oUREAAS e oF
0.6°% #g3l=d vl$- 2 148 7IX 2™ 2A= Kinori
9} Mevorach(1984)= “g3H o0 2A] o] Fe o] AL
Akt

Copeland(1983)= 3t BE =20 tis)] 1H4S AR
bl Ale] FAEE dolg o183t Li=3 oPdezA A
Sl FHWA(1985)y= APMES HHdllA A9 1+4
FAde], A%, 283l FaE, ¥nk ope} vR o]
B 5o 9FE 1#T AL AN et gukde
2 A AL AR 53] wE} Li=1~69] HAE Al
ok5}act. FHWA(1985H ATEAEE TR Aol o)
RHEEE FRA] Zolg 35 7 sl AAlsIA

= —nr

rr

=

.II-J rlo

flume and

Fig. 2 Experiment
supply.

LA=2.

-272 -

el 38 Sgzke A Advel Alkesidele] e
AAE QB Zolr), WA BRI} FAOIN 1722
ANERT. SRl IE Frkgo] ZA4E Zld o
4712 AN

ole} 2o FEe] ATES UhRE AAEAENS, 5
EAlo] Syl we 7 Age] Anen e ne 5
29} FAldde] BREAGE B #4271, 44 AR
R ARE AP R S, ol @ el
SRR B ARG T 5EYFS Bas
SR xﬂw zeAes gnsier A7 2o gl
o} YRR BET S0005)2] RATNA AL A
Salde] W TS 2AR Fo] A SAlZold
L 1~122 Wgsle] SaelRon AR 2
Rol 449 BEQFS FAAT.

2. |2 @AY

2.1 MEEx| ¥ WY
A AR e 35 ST Fig 2014 He nt

9} 7o) 2.0 m(B)X 0.65 m(h)X 40 m(LH Ao A 423
319, AYPAEL 0.012~04 m’ S FTFL F Jd= F

12 m 9olE HER A A A me
Sl o] sEwslE detaly) Slal Fig 3914 R

el o] 5 7fe) FY FAE FRFER AR

AAE FAle] Zole 03mE FEZ| thgk Aol
HlE 0.150]9, ol=ad& A=At A9 { AL FAA
ol tigt ¥l /2 1~128 ARSI sEXPALS 5%

water Fig. 3 Experiment setup of groynes for Fig. 4 Measurement of velocity using

ADV.

Rt AE sk



0.09m’/s, =41 0.15m, A 0.3 m/sol el 534315
o, =AY f§% 2 5% 5798 LSPIV(Large Scale
Particle Tmage Velocimetry)”|'"H3} ADV(Acoustic Doppler
Velocimeter) S ARE3}3T}. Fig. 49t 2o] ADVE o]&3}
o TFE 60% AR &S SHaHor, ADVE
ol&3t SAHAT= 181 ST ks ARE HEiinh

22 THFH SEXH &3
B AdMe A9 2 2 BERY 758 S4ES 4
3 LSPIV 7]H<S Z-831ch LSPIV 7HS A3 2loA]

A7 E 0] 83l HlA P9 88 =A317] 98

SR = = -1

7R QA <SA(PIV, Particle Tmage Velocimetry)ys Hl

WA ok @ el BeFo M FHALE 24a)
gt =4 71He o]ty LSPIVE LDV(Laser

Doppler Velocimetry)?} ADVZES S471717} 2b= SAIE
sl ot el WAl 67 fsde A5 4 Sl
£ Ao 3] WiEel A 4AI%h 2 TRE FHe| %
FAQ 58S SAsh=t Bo] o|&Hk(Ettema and
Muste, 2004, Weltbrecht et al, 2002).

plv W LSPIV/ T 2o GRS o]8dl G&=A7)

< Fig. 5914 K= npel o] 574 E3x9 F2U7

9] OIL AAgE ARAE FaL sl 7 e RS
Hlaste] 4zke] ol sAe] 9 o]gAgke B3l 5= ALt
sh= Wholt). AR ERE dojAls HA" FIHEE
RE 2xo] = 91 & 7 ko] WYk SaEwelth 9
ol A dAkEe] olEsiteE A2 ARhHsle| w7} 3t
Zeof thigh Wet Saate]l Wskithes 21s ojvletar @73l
28 o] 83 5 ARk Fig. 5004 Hi= nje} o] Azk
o WE ol 7 Ao WYk THwe] WHElE At ¢
Akzo] G HollA ofd 39 sz o|FsRA=AE #
H3ko g o] ozt

LSPIV 7H2 PIVeh= 28t 3 288l A Aoz}
Ao PFE o83l f5S SFse VIEdEE F
?4_6}3} SIARE QFEEA] HIAFS AEE FRHe
io}—i 7iel #Pzwe] we A2 = 4
gt 22k el tigk e o=
o] EAFEE LA RANSE HuAre] Azt

HE Ao EA °]—r°1;‘h:} webs] FdAe] Aol ol
b RAAARIS Al § e A4S ARk 3}
712 PIV 7ol HIs) %Q}J} AstEle Tdo] 3
SEARE o] gk TdellE E8lar H LSPIV 7]‘%'301
e Ae 19 AN P A 2 2AL 9
@ amEsjolto g el Adsont #a Aol 7l
st 71 AgHIeh Q1] &g Hjg) EN AL Bl&
AR FS AR el HAl f573e] S4o] Thset] o

o&
o, off

N L ! o o

L_ Hrﬂ M(rf;;zm
o
zﬁiﬁ

3.1 FHAMXFE =2
At e BF TRELS ARl 3o 22| 42
AT fi‘%%ﬂ—‘é Wje] GRS WANA BES

E2648 E3IBIE - 20064 SH

searching area

g

L0 D
A
: )
e
)
" "
interrogation area of first image interrogation area of second image
\ center of pixel
a(l,1) - B afi,1) b(1,1) ~ + | b1y

alljy | - . < | ali) biljy| - . )]

Fig. 5 Concept of PIV and LSPIV method.
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Fig. 7 Velocity fields of groyne zone measured by LSPIV.
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Fig. 9 Lateral velocity distribution near the wall for spacing of groynes(y=4 cm).
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Table 1. Measured u, v near the wall for groyne spacing (y=0 cm)

LA x/L u(cm/s) v(cm/s) LA x/L u(cm/s) v(cm/s) L/ x/L u(cm/s) v(cm/s)
0.13 0.8 0.0 0.10 1.9 -0.9 0.10 0.0 0.4
0.25 0.1 0.1 0.20 1.8 -0.7 0.20 -5.9 0.9
0.38 0.0 0.0 0.30 0.6 -0.5 0.30 -13.6 14
0.50 0.6 -0.2 0.40 -5.9 0.0 0.40 -18.7 1.2
0.63 0.3 -0.1 0.50 -12.8 0.5 0.50 -20.5 -0.1
: 0.75 0.2 0.0 i 0.60 -16.5 -0.3 K 0.60 -20.7 -0.1
0.88 0.2 0.3 0.70 -20.3 -0.4 0.70 -20.5 -0.2
1.00 0.0 0.4 0.80 -22.1 -0.5 0.80 -13.8 0.4
0.90 -19.2 -1.9 0.90 9.8 0.2
1.00 -12.1 2.8 1.00 -5.2 -1.9
0.10 0.9 -0.1 0.10 0.9 0.2 0.10 0.6 -0.6
0.20 0.9 -0.1 0.20 1.6 0.6 0.20 0.2 -0.7
0.30 0.8 0.0 0.30 1.7 0.5 0.30 -3.5 -0.7
0.40 0.4 0.1 0.40 -1.3 0.9 0.40 -10.1 0.1
0.50 -0.1 0.1 0.50 -10.6 1.6 0.50 -16.4 -0.6
2 0.60 0.0 0.1 6 0.60 -15.8 0.7 10 0.60 -20.0 -1.0
0.70 -0.4 0.0 0.70 -19.9 0.5 0.70 -23.7 0.3
0.80 0.0 0.0 0.80 -22.0 0.5 0.80 -17.7 1.7
0.90 -0.1 0.1 0.90 -15.1 -1.4 0.90 -16.7 -0.3
1.00 0.0 0.1 1.00 -4.7 -1.7 1.00 -15.0 -0.8
0.10 -0.8 -0.2 0.10 0.8 -0.1 0.10 0.3 -0.4
0.20 -3.7 -0.2 0.20 1.5 -0.3 0.20 -0.6 -0.6
0.30 -7.1 0.0 0.30 -0.1 0.3 0.30 -5.2 -0.6
0.40 -8.6 0.1 0.40 -6.1 0.4 0.40 -11.3 -0.4
0.50 -8.1 -0.3 0.50 -10.9 04 0.50 -14.0 -1.4
. 0.60 =12 -0.9 7 0.60 -172 -0.8 a 0.60 -15.3 -1.4
0.70 -6.2 -1.3 0.70 -20.8 -0.6 0.70 -13.0 0.3
0.80 -53 -1.5 0.80 -22.3 -0.8 0.80 -11.8 0.5
0.90 24 -1.4 0.90 -16.8 -2.1 0.90 -18.2 0.1
1.00 -0.3 -0.9 1.00 -4.5 2.1 1.00 -12.5 -0.3
0.10 2.0 -0.2 0.10 0.7 -0.8 0.10 -0.1 -0.2
0.20 2.0 0.0 0.20 -0.3 -0.6 0.20 -39 -0.5
0.30 -1.7 0.1 0.30 -5.5 -0.7 0.30 9.6 -0.1
0.40 -11.4 0.4 0.40 -10.4 -04 0.40 -14.6 -0.5
0.50 -16.7 0.3 0.50 -12.9 -1.2 0.50 -15.8 -0.3
! 0.60 -20.9 0.3 5 0.60 -15.0 -1.3 12 0.60 -15.2 1.1
0.70 -23.3 -0.6 0.70 -20.1 -1.2 0.70 -15.5 -0.3
0.80 -20.9 -1.2 0.80 -15.6 -0.4 0.80 -17.2 -1.1
0.90 -15.6 -1.8 0.90 -5.9 0.6 0.90 -13.8 -1.4
1.00 -4.0 -1.5 1.00 -4.4 0.2 1.00 -6.7 2.1
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Table 2. Measured u, v near the wall for groyne spacing (y=4 cm)

L/l x/L u(cm/s) v(cm/s) L/ x/L u(cm/s) v(cm/s) L/l x/L u(cm/s) v(cm/s)
0.13 0.6 0.2 0.10 1.7 -0.1 0.10 -0.5 0.5
0.25 0.1 0.2 0.20 1.5 0.0 0.20 -6.7 0.9
0.38 0.0 0.2 0.30 -0.2 0.3 0.30 -13.5 1.4
0.50 0.4 0.2 0.40 -6.6 1.4 0.40 -18.0 1.1
. 0.63 0.4 0.2 s 0.50 -12.8 22 9 0.50 -19.4 -0.2
0.75 0.1 0.2 0.60 -15.9 1.0 0.60 -19.6 -0.2
0.88 0.3 0.2 0.70 -19.0 0.3 0.70 -18.8 -0.3
1.00 0.0 0.2 0.80 -20.7 -0.5 0.80 -12.3 -0.1
0.90 -17.6 2.3 0.90 9.4 -0.3
1.00 -11.6 -3.7 1.00 -4.4 2.3
0.10 0.8 0.0 0.10 0.7 0.1 0.10 0.1 0.1
0.20 0.8 0.1 0.20 1.3 0.2 0.20 -0.6 0.2
0.30 0.6 0.2 0.30 1.4 0.3 0.30 -4.3 0.7
0.40 0.3 0.2 0.40 2.1 0.7 0.40 -11.1 1.0
0.50 -0.2 0.2 0.50 -11.4 1.4 0.50 -16.5 0.9
2 0.60 -0.1 0.1 6 0.60 -15.7 0.5 10 0.60 -20.2 0.8
0.70 -0.4 0.0 0.70 -18.2 -0.6 0.70 -23.1 1.8
0.80 0.0 0.0 0.80 -20.3 -0.8 0.80 -19.2 2.1
0.90 -0.1 -0.1 0.90 -14.0 2.5 0.90 -22.1 -0.4
1.00 0.1 -0.1 1.00 -4.6 -3.7 1.00 -13.5 -1.8
0.10 -14 0.8 0.10 0.6 0.0 0.10 0.1 0.2
0.20 4.3 1.4 0.20 1.0 0.0 0.20 -1.1 0.3
0.30 =13 1.7 0.30 -0.7 0.4 0.30 -5.7 0.5
0.40 -8.7 1.2 0.40 -7.2 1.0 0.40 -11.6 0.5
0.50 -8.6 0.3 0.50 -11.5 0.6 0.50 -13.3 0.1
3 0.60 -7.8 -0.5 ! 0.60 -16.4 -0.1 1 0.60 -15.0 0.5
0.70 -6.8 -1.1 0.70 -19.7 -0.5 0.70 -13.3 1.4
0.80 -6.0 -1.3 0.80 -20.4 -0.8 0.80 -18.1 0.7
0.90 -3.0 -1.2 0.90 -15.9 -1.7 0.90 -17.5 0.0
1.00 -0.3 -1.0 1.00 -4.5 -2.6 1.00 -12.6 -0.9
0.10 1.8 -0.1 0.10 0.5 0.1 0.10 -0.5 -0.6
0.20 1.6 0.3 0.20 -0.7 0. 0.20 -4.9 -1.0
0.30 2.5 1.2 0.30 -6.5 0.5 0.30 -10.5 0.2
0.40 -11.4 1.5 0.40 -10.9 0.6 0.40 -14.5 0.2
0.50 -16.4 0.8 0.50 -12.1 -0.1 0.50 -15.1 0.7
4 0.60 -20.3 0.2 8 0.60 -14.6 0.2 12 0.60 -15.2 2.1
0.70 -22.0 -0.9 0.70 -19.2 0.5 0.70 -17.7 0.2
0.80 -19.3 -2.1 0.80 -15.0 1.6 0.80 -16.5 0.2
0.90 -14.7 -3.1 0.90 -7.0 1.1 0.90 -13.0 -0.2
1.00 -4.1 -2.5 1.00 -6.5 0.1 1.00 -6.3 -1.4
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Fig. 10 Relationship between groyne spacing with tip-
velocity of 2nd groyne.

360 —

o
o o o O ©
300 — O O
4 o
|E 240 —
Lé | O Parmeabity 0%
S 80
o©0?©
120 —
' | ! | ' |

o 4 8 12

Fig. 11 Relationship between groyne spacing with tip-flow
angle of 2nd groyne.
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