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Abstract

Understanding the wave characteristics near the outlet of coastal power plants for cooling water in the vicinity of the dredged areas is
critically important for the construction and operation of the plants. By Employing the eigenfunction expansion method, in this study,
we analyzed the reflection of monochromatic water waves over (1) shear currents near the outlet and (2) multi-arrayed trenches
representing dredged areas. We firstly optimized the number of grids expressing shear currents and the number of evanescent modes
based on a convergence test. We then analyzed the sensitivity of the reflection coefficients depending on (1) magnitude of shear currents,
(2) width of shear currents, (3) a distance between adjacent trenches, and (4) a number of trenches. The results showed that the reflection
coefficient was more sensitive to the number of trenches and the distance between trenches than the velocity of shear currents and the
width of shear currents. We also found that even the effect of shear currents is relatively small, the effect is not negligible in a relative
water depth from shallow to near shallow water waves (0.01 < kh <0.70).
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Fig. 1. A schematic sketch of shear currents and dredged multi-trenches



Y.-S. Cho et al. / Journal of Korea Water Resources Association 53(10) 871-876 873

1l i (k, y—
@) = [Afe " cosh k, (b, +2) )
+/\m.”
+ E my 71 COS K—Nl n (hVTL + Z)
¢l = fo‘“’Tcoﬂlkm<hm:+z> )

+ E m, 71 :

"“cos K, (h, +2)

m

Egs.()and )M 4%, BE, , AP R BE SRz X4
2 B@EE Q5G] 2 olobd n]xsol. o
AR m 0 2 242} 770} A} 3] 58 ofu]stel,
0= QARES] YA, SIA LT} -2 247} At o 25
O YIEYLE WIS, 1, 7, 220
W0 2 A st 5 Agute} Ann} o) s

(wave number) S WEIH, t}-2-3} Zo] 74]/5_1' H}

L

1/2
m

[k }1/27 )‘m., n [K?L n + k;]
Eq. 3)°lIA k, ey wieko] ohpo|m ok g IF K

K3

W —

EAMPRA 0 2E AN 5 9lck 95 550] e B9
=4

ThS3} 2o A5 ZH 5= (intrinsic angular frequency)

=
CLE!
0 =0V, k, )

ECI- @A o, = m FHolA opgo] 17 55, w e
HAES VL Frx Jgh 2 ARFE 49l o 520 &
=5 UEhH, A4S vt

0f

01271, = gkm tanhkm hm ’ U g[(m n tan[(m n h’ (5)

A A7) GA= T A S5t
91eh & 7o) whpe AN £ 7h2] 1527 (maiching
conditions)= A o]ol= Aolth. A HA4 242 » 5
o] A&g o2 ohgt Pt

Egs. (1) and )€ 2+

1 0P 1 0P, 4

0, 0T Opt1 0T

sx=z,,—h <z<0 (6)

Om ¢m T Om+1 ¢m,+17 T =Ty, — h =z=0 (7)

ORI S Egs. (1) and )8 HREA (6)7H (7)ol HiY
sto] AFyD A Alitoh= A 0 & V-HEA7 -2 A2t
=9} 7 X 94=2] 21 W A (orthogonality) S ©|-8-51o] A9
Ao A FE Fr|H o R ZAuARN 4L, B L AT
9 B S ALY Utk At v 2] =R B R)

A7) e 2ol AN 4 ek,

m&"
>

R= | AL | (8)

0 coshk:jhj

= AR 9
o, coshkh, 47 ©)

Egs. (8) and (9)°IA oA} 12 99 1, ol A3} j+=
T2t jE gttt 1G-S o]-8-5to] AR HEAL

S FE 0] A= o | 2] HEALS o] 85t HF D
4= QItH(Cho and Lee, 1998).

. nkycosf; . 1 2k h ;
R+ 1" =1 p=—_|1+——22_| (10
n,k;cost; " sinh2kh; (10)

3. 2¥5E
a3y

ko] ()2} 2B 22| (1)

55 77051 (0} 25 A0) 50 1] A4
T2 5 (m' )9} 4} o)
Hallo) 9217k 34 glom, miek
)ﬂ*m# J30] 5(n)7h LR o)
P Eﬂﬂo 502 Lol Flolr. &

AL G2 EF P71 5 (m' )2} 2Bk ] ()
2170 2 Z7}5le] o ol MstsA] e ghe B4
P4 H2ES S5t

Fig. 2= R 65 71| 4= (m/ YE A7 et +8A

E AWNE yehdith o585 F7E0] 4= (m” )7H 1570 1]
akol Q. Z7HA A (kh, > 0.314)04] 2 Aol H Y
om, 1570 o3 W) 2 F5-59] /S F5] Hhgste] vt



874 Y.-S. Cho et al. / Journal of Korea Water Resources Association 53(10) 871-876

0.4

— m'=3
— m'=15

0.3 A

@ 0.2 1

0.1 A

0.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

kihy

Fig. 2. Convergence test of the numbers of grids for shear currents
(b,/hy =10, d,/h, =by/h, =dy/h, =10, hy/h, =2, N=2,
n=20, Frmax =0.2)

0.4

0.3 A

x 0.2 1

0.1 A

0.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

kihy

Fig 3. Convergence test of the numbers of evanescent modes
(b/hy =10, d,/h, =by/h, =dy/h, =10, hy/h, =2, N=2,
m’ =15, FrmaX =0.2)
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Fig. 4. Sensitivity of reflection coefficients with variable maximum
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Table 1. Comparison of maximum reflection and transmission coef-
ficients with Froude numbers and relative water depths

L - bl/hl ky by Bax T ﬁax"‘%]ﬂ
0.0 0.87 0.33 0.94 1.00
0.1 0.87 0.34 0.94 1.00
0.2 10 0.87 0.34 0.94 1.00
0.3 0.87 0.33 0.94 1.00
0.4 0.43 0.33 0.94 1.00
5 0.45 0.33 0.94 1.00
0.2 15 0.87 0.33 0.94 1.00
20 0.87 0.34 0.94 1.00
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
0.64
0.56
0.48
0.40
0.32 x
0.24
0.16
0.08
0.00
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Fig. 6. Sensitivity of reflection coefficients depending on the distance
between trenches. (upper) V=2 (bottom) N=3.
(d,/hy, =by/h, =10, hy/h, =2, Fr_ _ =0.2)
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