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CHARACTERISTICS OF NEAR-BOTTOM WATER PARTICLE
VELOCITIES IN WAVE-CURRENT CO-EXISTING FIELDS

By Yuichi IwWAGAKI, Toshiyuki AsaNo and Hiroshi OKAMOTO

Synopsis

Near-bottom water particle velocities in the fields where waves and currents co-exist are
investigated both theoretically and experimentally. A new method is presented for calculating
the water particle velocity in the turbulent boundary layer in a wave-current co-existing field.
A boundary layer thickness 4, in the co-existing field is expected to be variable with the water
particle velocity of waves relatively to the current velocity. In this method, the boundary layer
equation is solved as a free boundary problem by treating 4, as an unknown boundary value.
Several characteristics of the turbulent boundary layer such as the friction factor, friction velocity,
boundary layer thickness and so on are calculated by this method, and the effect of the wave-current
velocity ratio on them is discussed.

In addition, near-bottom velocities are measured by a laser-doppler velocimeter in the current-
only field, wave-only field and wave-current co-existing field, and the results are compared with the
theoretical ones.
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Table 1 Calculated results for characteristic values of the boundary layer in the
wave-only field.
(CASE-1: T=2sec, h=30cm, H=10cm, z,=0.1cm CASE-2:
T=1.25 sec, h=30cm, H=10cm, z,=0.1 cm)

Sew uf, d, [
(cm/sec) (cm) (rad.)
Authors 0.097 5.68 3.15 0.55
CASE-1 Grant-Madsen 0.098 5.68 2.89 0.52
Authors 0.139 5.58 245 0.58
CASE-2 Grant-Madsen 0.140 5.59 1.78 0.55

Table 2 Calculated results for characteristic values of the boundary layer in the wave-current
co-existing field (CASE-1).

Sew [ 4, g ENICITEAID)
(cm/sec) (cm) (rad.)

Authors (1) 0.144 7.13 3.55 0.51 3.91

U=30 Authors (2) 0.154 7.38 3.55 0.54 3.78
(cm/sec) Grant-Madsen 0.156 7.42 3.78 0.51 4.00
Authors (1) 0.184 7.35 3.55 0.56 3.79

U=-30 Authors (2) 0.168 7.02 3.50 0.54 3.92
(cm/sec) Grant-Madsen 0.169 7.05 3.59 0.51 4.00
Authors (1) 0.225 9.08 4.15 0.47 3.59

U=60 Authors (2) 0.249 9.55 4.00 0.52 3.29
(cm/sec) Grant-Madsen 0.254 9.65 492 0.49 4.00
Authors (1) 0.416 9.33 4.10 0.61 3.45

U=—-60 Authors (2) 0.351 8.55 3.80 0.53 3.49
(cm/sec) Grant-Madsen 0.354 8.62 4.39 0.50 4.00

Authors (2) denotes case of “without convection term”
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Fig. 7 Distributions of horizontal water particle velocity
calculated from authors’ and Grant-Madsen’s

theories (wave-only field).
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Fig. 8 Distributions of horizontal water particle velocity in

the co-existing field (forward current).

— 9 —



552 WA K EFER %265 B-2 (§58.4)

z (cm)
\ Authors \
' \ —_— i 3 ! '
. ) Authors \ L L
! 1 no conv. term ‘l { '
VU ] mmm 1 i !
\ Grant-Madsen | ! ‘\‘
\ ) 1
\ | 2 | i
s H—adverse current T +
\ Wl i !
\ 0=-20 em/sec f | |
N H=10 cm,T=2sec [i ] |
ot= \ h=30 cm,2zo=0.1 cm | i iot=
N\ \awe /2 )| 1 w4/ /0
N T ’
N\ i //
\
\ 3 / /
4
"‘\&\ Vi .
-40 30 20 10 [l

10 20
u+ (em/sec)
Fig. 9 Distributions of horizontal water particle velocity in the co-existing
field (against current).
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Table 3 Experimental conditions.

[4 H T h
(cm/sec) {cm) (sec) {cm)
wave-only 0 8.52
CASE-I current-only —-20.0 — 1.67 30
co-existing —17.4 7.74
wave-only 0 7.99
CASE-1II current-only —30.3 —_ 1.67 30
co-existing —259 7.49
wave-only 0 8.22 )
CASE-III current-only —41.6 —_ 1.67 30
co-existing —36.7 6.30
Kray 779 b BRIV EEELD, Uk
DRI EAT > 1o KMTFREDMMOREL S ‘ )
- i, ﬂ(ﬂ?ﬁm%b) S¥BT .y Frux Wave Generator __| wave + Laser Doppler Velocimeter
WEETEE LB T—ARAELDHL, }

ot 2=/
CHERSEH Uk, FHHITOVTHES S m “""I [ /V-
10BBEDT V4 ¥ 7 AP ET, This , o
SO KK THIE & Ui, ‘W’

4.2 THEFCOOTORRER artificial voughness

Fig. 12 3 CASE I ~II it 5 3HhDAD Fig. 11 Experimental apparatus.
BEomESmE, £EHOBEICII—RYFE
BfEAPERE LI EOREFGFERLILODTH S, ROFETHEBIATVEESiIL, BRELE
T B LEBFRMCHT B REERITEFADHEMNG 3720, FhOHDBEL D HEISNIL L BT &8,
WTNORD S bFA LD, TLFHROWMEINIL 2>4~8mm OERT, FHMBRROL&ERTE
BTE2L9THAY, ThEVEEIGENT -2 COEREPSRBThEE3THS, Chizgibd s &

Ziem 2 N 2 iem

A Y. ! AW 10
AVYS) AY A) s L LY
AN AN N
\ao \ A PANI)
Neo hY AN PANIEY
\' 9 \ o Ay 4 ‘\ "o
° . ) o
e \o . o\ L]
w v
e © o\ o\e
o on AN
! D
b o N
° o\ \
° o\ °
St ORI , \ A
A\ AN Al L
*—51ns AC2 o2 8 \ 8
-\ b AY " Q¢ O
AN 6 AL 6 AN 0.6
) AR ANK"Y-
1\ ¢ AVAR 3k \N¢3 o
v 4 - 4 - ]
\ \e o \
3 C
CASE-1 CASE-1I \ CASE-I \
- —F02 b @ Current only Lo .2 I @ Current only AV o
8 farrent sy © Co-existi \ O Co-existing N
\ 3
\ N,
0.1 A\ oo N R
- ER o Eq ] B -4 T30 2 o
U (en/sec) U {en/sec) U (cn/sec)
@ (&) ©

Fig. 12 Distributions of average velocity in the current-only and co-existing fields.



