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Abstract

Short acean waves such as gravity-capillary wave change their phase velocity
owing to the drift current. The Doppler-shift is considered taking account of the
directional spreading of the wave energy. Comparisen is made between the obser-
vational results and calculated ones of Kato (1974) and Valenzucla (1976). The
following points are revealed,

1} Angular spreading (oc cos®f; 6: direction) causes a decrease in the Doppler-
shift by 3—8%. The largest decreasc occurs for wave components in the front range
of the wave number spectrum and occurs least for wave components in the equilib-
Tium range.

2)  Most of the Doppler-shift is caused by the drift current, and the amount of
the shilt agrees to a first approximation with the results of Kato (1974).

3) The Doppler-shift due to air flow over the waves is from 1{3 to 1/6 that
due to the drilt current.

4)  The remaining part of the shilt depends only on wind velocity, The amount
ol the shift is comparably large with the Dopller-shift due to air flow calculated on
the basis of the laminar model (Miles; 1964, Valenzuela; 1976).
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wou e, Kato (1974) 23 Fig. 1 The coordinate system taken.
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e=Ufe,

Wk AIREREOTELL ST, FRLTWwa, o U, REH LOREHETH D,
i, WO WEEORETHS. TRELDE, Fy 77 —BREZFWORE i,

c=¢, + UG, (5)
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LATHD. KAk E LTV B BRIAKEC ST 2B E R & LB o Kato
(1974) oFFEAER, ELNE,

G,=0.30 272/ (7)
FERLTOILNTES. ZOERVRAVB O, R R ARIEE U, 2M5 B8
BB, TR, ATES (1974) ORIEMRRL

U=0.7 wy (8)
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AT, TR S 5.5em EDBEMEOME Us: h ok z s lic+ 5.

WL Uw 235 5 & 2 O BEIRE, SH - EH (1975) AATHFBLO L Wige b2 T
8D EVKYE OB ST,

(c—Us)*=glk{1+ Uy/[k(c—U,)}
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D, TOWVIEDREHEND BN RD
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WD kU TH D DT, FfT
AT T ASE (=0° © ¥ v 7 5 — shift

H 2 b BB vo=—T0 B & i

b dw, ¥ 5L, To T YR ko, k) ZHEFC TR L 72 OK
iy
dw=Aw, cos § i ‘

Fig. 2 Contour Cshowswave number k (b, ky)
Lied. LoT ADTOMER 0.2 having the same apparent frequency
Wg=w, + dw,cosf (9) (wg=const). The wave propagating
perpendicular to the wind direction
EEEFEHERS. U, with wave number %, has the same
W, B HH—EDMHET B OWE k &, .frequency g o.f the. wa.vcf .propagating
in the wind direction with the wave

f) 1z, AT LoEBE Y0, 2 LFy 7 number #,.
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(k) =wg(k -+ 4k 0)=wy(ky+4k) + A,k + 4 E)cos 0
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5 — shift =& b,
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Etak, AELTARE MO ARARY PO — 7 OYPH b ST R E LA E L
MIC Lichi» T, TG #c X B HIERE »
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x Flk)
%Zﬂﬁﬁ'i: 1&;..1;. Lotz jj |i'l ﬁ\ ]’Ij » E{ws=const.)
(cos®) L b, (1520 i o coste
HD LR TB. + cosg
Fig. 3 An example of normalised a cosbe

energy distribution of waves
on the contour C.8=0 corr-
esponds to the wind direc-
tion. In the case that wave 2
number % is in the equili- ol o

brium range of the wave | ; ,\-\‘?‘ ~ 8
number spectral density, b 0 30 40 50 &0
energy distribution I{mg=
const,)is much sharper than
the assumed directional dis—
tribution (D(#) o< cos® 8).

DIRECTION @ { pesrer )

—Ncos'd, L={"cos'oan 14
D{#)= N cos’d, N_L#cos d (14)
LIET B L,
_1fs .
T—N‘g_ﬂcosi 8 d6=0.931
sl 5.
—H, b l=F ¥ 227  AOTEERICA S E Ei2iL,
Flk,)=F(k)
Eie b, PEEETIL,
F(k)oc b~

LABRTWEOT, THENL TS EFHC=FAF NI {R%B, Lo THIERE
Tk, ED0BlIntAEL D, fkxid, vV — X644 (K1ERB) O w,=27xX
5.91(Hz) o oy o84, /=1.40cm™, £,=0.8%4cm™ -k 52, ZoFoEEC 1
D=FAF L fide, BB IRT. 20T (X) AIGCE L= R4+ —ERG Fk) i,
(O)HICmR LI IR (D(0) o cos 0) X A FRWARTHEL TSI Lt Tkh, £
& LToidi E (e,=const) 13, H25h5 L 5 cos™ @ OS5I, 20k F,
7=0.967

L b, THEEOFICA - TWBEHEIE, HRG8oZR, SBHEEL W5 LTl
5.

SRR LT, WERETHHED, A2 PADHEICH B L EIZE, ZZTOARS b
IO ED i, E-sidnlichslE LD, rakE{hL. K4 ZRLiD
i) — & 6-4-3 O, w,=2xx3.86(Hz), £,=0.595¢cm™, k,=0.4850m™" 7z 5 C |-
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D FAF DR THS.

(X)ECRL et B = 1 . 56
1 - ] PR * E(uws=const.)
F — 341 F(k) H53EF7 1 & i g v
THiZ Lo T REL 0.8 |
b, (+)HITREINT-ShE 0.6 |
LTo 54 Ele,=const) it o )
o’ OGATMTIL L., = Dk oz |
Tz, o L5
T—O- 919 10 20 30 Lo 50
DIRECTION O ( pecree )
ETe A, Bitdiz, w, HiF

U ¢ 27x3.86 (Hz) o #&

T, ¥ —X6-34DrEE 4 BEFC LoD = & a5 - WS, WD TR A
A7 PAOWECS D EEE, —FoF - FESA
KL, i, EELIASAL D, &ehicia b, Hiaskk
0, 904 X3 ¥y 77— shift @43, 10% 1< HFRaoto o

WEAR VMRS,
Ele B, ZOEWLT, HIEX Fig. 4 An example of the normalised encrgy distribution
. . . of waves on the contour C. In the case that the
M WHL = 7% — 5K F(R) wave number % is in the front range of the wave
FROCTHE LB TH - number spectral density, energy distribution is
broader than the the assumed directional istribu-

T, X EYodFREEETS tion.

ML, AIEOLZRMBLTh, 0B EALRICHECRLZEZELATSH S 5. UE
LT, WROFAGBEDI DI,

4 k~(0,033—0.096)4 £,
22T Ry L DREGEROWHHER o,=0.(k) 2R LTS Z L2505,

2, Al E

WDHD, BEEThHho=AT— b E%EF L TBE, r=(x,y) 2 EELE 2 SRR
Eoa—e—vva I (HfHZE e,

rrewv={" D(o)e-tewsost=vainn g (15)

ERLTLLNTES, 70 R AXZ AR L T, ILeiRELOT, = OME
RN TH D —EDHMEH wo HT 5 EHWN Il b 2XUEERD 2 i B, H
A8 DO) 2352 bhisdhiEiebicungy, Fhid, Sl LT (14) oBE T 5. &
BlebiX, ROLNR2ZRILFAARZ P AOBEAGTL W EEOR M RDH D & &0
TED, WRAEE PN TR KL EZRET 5L L T, EEiFo_>0Hl
BEORELETDrsr A - A7 bAPRES. (15) ROFEHEL EREOR A0 LI A
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59 cm a

—_ =

600cm |

Bl 5 FAFKED K
Fig. 5 Dimensions of wind and water channel. A small amount of water is
injected into the channel and discharched from the downstream end
of the channel to remove the surface contamination.

EE 1 RElKELIEE2LRA-ECS

Photo. 1 wind and water channel viewed from

the windward.

BRELOT, NOHD2HE0HEOWEE,LAELALZ LD

M5z, MROMECZAWAKEOMEYR LD THE. REHA2K6m, KiF
OEEHN0em, B2 25emcHh s, KL 28em L. BUtmALRic L -ciR LT
Wd. KEEDHERFEL f-oic, MoLMichsICENALKEL bR EATS. kD
KEANDIEAR —HRIC T Hedic, RO.5em BEDr —7DP S nicE D aROHn
B, RREAOKREZ -Cicffoie®, FAELECBETORERGEORT (NOH
W OifEEOhsL, €= —Assg ST, Pk L. BkdRE LTE, Ha lomfs BE

THdD, FEHLE, KlOR FHOM 6 ¥RL T,

KA OJEL, HBEWEEHE t,tV*—MHﬁﬁOJmm®*W7wﬁﬁ%
BMTH A, WEHRLES DO KL, A (NEAC3200) oA v 5 1 v THiilh
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Fig. 6 Arrangement of seven wave gauges.

i

BH 2 KEWCEy P LT A0BFERNE
Photo 2 Wave gauge systems in the wind and
water channel. The system is composcd
of seven enamel-coated copper wire
with diameter of 0.2 mm.

4.0

T A/D = vt — g —
Wl T2y Yy v
REpEix 181.8Hz ¢, 4 o7 —
2HTHLTIMO T — 2 &
L, 2,000@clrun & U, %
run =i AL 2 kL DEHT A
fTofz. BHOMEL, € -
= G

M6 7 RO EFTOBLE R
. i, BER 213, Toid
Ba#RT 5 v — & KD
WHs 5 Rt DTH 5. Ik
Asvaijdem L, EXC

CHASZ P ARFFHEEICHET X 5 2 b » T 5 (Fujinawa, 1974) o
«, 3MoRMEE (1,2,6,7), (3,4,5,7), (2,3,5,6) AEFThAHL5 i T5. vl

ofmsKEOEMARC T AL I CED L. WEilo
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BT 7rA2- A7 A0RFLE. (H)CHR

Fig. 7

o ORIGINAL
+ SYMMETRY

oDk, FTEO A

D y B4 B MR A

Space points at which eross-spectrum can be calculated by the

use of the wave gauge arrangement adopted (O).

Small cross

(+)shows point which is symmetcal to the original point with
respect to the v axis

BURRE SRR D # T

Experimental conditions
of the mcasurement of
gravity-capillary waves.

series g (Cm/S) ‘ F(m)
6-1-1 | 145 1.27
6-1-2 18.2 1.27
613 21.8 | 1z
6-1-4 28.0 1.27
6-1-2 4.5 | 2.7
6-2-2 18.2 ‘ 2.97
623 21.8 2,27
6-2-4 28.0 2.27
6-3-1 14.5 3.27
6-3-2 18.2 3.27
6-3-3 21.8 3,27
6-3-4 28.0 3.97
6-1-1 4.5 | 427
6-4-2 18.2 4,27
6-4-3 218 | 4m
f-d-4 28.0 | 4.27

x;=X;—X;
BB Ay TIRA AT b R, o) A% 5.
SRA Lt oL 35 05 xiy OLEZR LI
ORET Thd. x5=—%5 T R—r=R¥r) th 5%
DT, BELZEMOEOIZHRLTH B, s RE
ROWRABH cHB. THEOHETIL, 22H0)T
A7 PADERRELZ LB, L LRIRAY
DBFFNL, 77 A A2 P Rir, o) Xy #hic 5
LT, ##HeEL N30T, EBRECEMLEOLED
ZEA AT FADELD ZERTHMASNS PR
B84 (Barber ; 1961, Fujinawa ; 1974) i1,
KXy O YT T 2RFFRCENTE 277 A« A
FEARRESTWBEELTI . BT o (+)HIT
RLAOREOMFTRTHS., BlELSEIOERD v
V—RAH &7 =vF -  BExTTH, KERER,

- 1.27, 2.27, 3.27, 4.2TmD 420 — A2 T,

— 254 —



R O R oL T— RS - A - PR

EGED 4B (FEolFu cBE LT,
14.5, 18.2, 21.8, 28.0cm/s) %% f-.
3. BAEDOER

MES AW k12, HrrARART P A
BHREBD, TRETAKR—-THEHERET
HH, Lrl, BroREZI 5HELEDRD,
F—offisicbicl. R8I, FUEE kT
LR~ 7 v o kE SRR T.
Bz g =7ic X b RoOOh R oFETH
D, ~FvF ok, BERZELXTVHER T
THIELL D TH D, BF) os i, =FAF—
ARG b ADE — 7 OFER b TREL NE L,
AGHETHD, E—rDEFbbicThtdE
Byogiz k&<t h, k =Llem™ ¢ 15% &
BLPESWEEOBEEL LS.

WREHE U I X % ¥y 7 7 — shift 23,
BEoKE2TH 2 nmLiconEITH
L. Fow 77— shift #FiF 7l (k=k, 0=
7[2) LR CAYE % H 5% Uy i (0=0) ic
B OWH ke 2VTRE Ty %, Ay ik Kato
(1974) o3tax 7) #HWTHFoid 0T

g
e,

ED

0.20 -

Normalize Standard Deviation 6x
= o e o
g 8 5 B
T T T T

=]

=)

b
T

0.02

o
Y
=

T

L b L 1 1 1 1

Fig. 8

0.8 0.9 1.0 11 L2
Ke (cml)

IR AARY PAERLTRE 2
kolZ, # B AR b DTS B
B, FRED RO RFEL EHETE
HIELbD. =FAF—AL7 b
DO E— 7 DFETRESR b/EL.
Normalised standard deviation of
the observed number 2, Wavenumber
can be claculated from each observed
cross-spectrum. The deviation is least
at the peak wave number fp.

1.8

1.6 L

B9 WMRERDRAE
BLAEGD Ny
-7 5 — shift #-,
ZoDHE ()
— & 6-4-1 ) 6-4
-4) o THE

Fo b o, Kato (1
974) @ F B HE B
Ho<.

Fig.9 The Doppler-
shift due to the
drift current Uy
which is calcula-
ted from results
of Kato (1974).
Two cases of

wind velocity are

0.2 < L ! I L 1 Il 1
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Kt (en! )

1.8
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2.0

18

Fig. 10

H5.

EMGIOR 9 R

F=4.2Mm o a4+
SERILES

b-4-1 o
6-4-7 pa
B-4-3
6-4-4 o 2 et

ap t =

1 L 1 1 L 1 4

0.8 1.0 1.2 1.6

L4

q
OBSERVED  WavE  WOMBER B (ov )

Rl o R w. & 0 5aeBas % A
WTRDATE b &, WES hi B
Boko EOBAGR. WREEEF) 4.2Tm
DEED, 4 BfEORECRT 5 L 0.
WP REL{LDeohT, ¥4, A
HEKELBIEORT, Vo5 —
shiftd k(=ki~ko) 28K & < Vo Thr 2.
The observed wave number £, versus
the apparent wave number £, corre-
sponding to the frequency og. Four
cases of wind velocity are shown
with the fetch fixed. The Doppler-
shift A4k (=k,—Fk) increases with
increase of the wave number & and
wind velocity.

ko corl

205 1978118

2.4
F=tm
SERIES

221w gl

+ 6-4-2
20 & 643

o 6-L-4
14
i ks

.+
14 | g P
L
’,"Ll b
12 | B
e F
S
PR« |
10 - o8
[/‘-n_m;ﬁ'
0.8 - . a
e
os L L5
gy o«
o o
G o8
0.4 +A§)‘P
0,2 - L L ! 1 1 1 1
02 04 06 08 10 17 1t L6 18
OBSERVED  WAVE  hUMBER Ko Com -l )

B 11 BB ko LT Uiz X %
Fo77—shift #6EL, T
N R EHE LIz D, FBIE
MIE D 3 EL o TE D, WHEN
s Py 75— slift 2 E i 4

T D AT, Kato{1974) &4

B 1IOME LT EYRL O
ThdHIEIRERTLE.

Fig. 11 Result of Doppler-shift correction

due to the drift current Up. It is
shown that the correction (IKato,
1974) is fairely good and that the
shift is largely caused by the drift
current.

Fy 77— shift D RE XL, FHEPKREL DMK EL DA, A lem™
T, BGEOERES DE W (up=14.5cm/fs) BHET20% BECTHY, BLAEWHE T
(ux=28 cmfs) T 30% RBHEE fr o T 5.
K10k, BT EORWNE e 5o#BR 1) #AGTROAWEH A &, BIEZR
TR ko DAL TWS, 72y FHARKRDOY Y —~X6-4 0L ORIz 7 =2 v b
LThs. WENKELMEE Ve 77— shift ikX{en o L5 b as, Bk

Tl hicdh b Ao,
by ickEE Uy ic X B ¥y 75— shift 2 IE LBk &, MEIREK 4 & OBG

7oz FEFERLR Tovigu.
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- - w7e oy b Lo 1L Th B, HWIE
OfERE, K10 EIE L Thr5 L 51,

50
Ryl ko ionic hiF<fc» T B, it
Wk ¥ 75 — shift 22 E-CH B
" LYK TH A, Kato(1974) oFfifo+

i AEMHERTLOEE T2 X5, L
Hl, LoFiliczsE, kit ko iwit L
ThEARK»TED, FRELCHED

{em /s, )

w
b
—

\

o k155 LBEEhaTuhWa, TORkEEIR, kA=
: | lemimmee 102 mErcsy, M %
Ll e ] ERE <o T BIHAR S Seath B
g DUCRHE Ug 12X 3R % WIE L X
| 5. Foi-aiz Valenzuela(1976) o4& -
;) 15 " | o R #E L Ky 7 7 — shift
Us corly &, Kato(1974) oW ORIz L% ¥y
12 &l kREOWHEELC AR 77— shift 2 0%k B LEND B
{Bate, 1974). 1.0cm™) i3 ¥y 77— shift %,
Fig. 12 Phase velocity ¢, both the wind
velocity U, and the drift current WekikoRkE s UewlLC s ry b Liz
e b kel (g sl Lo Ko o
Kato (1974), in which only Uy is B, o L 7o @ A% Valenzuela o &
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Ak, =ky,— ke (16)
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dky=ky—k (17)
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Fig. 13 The Doppler-shift Ak, due to the wind velocity
versus wave number k.
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Fig. 14 Resultant shift Akr.s versus the wave number kg, Akcas is the
difference between the observed Doppler-shift (&'—#kq¢) and
the Doppler-shift caleulated by taking account of the drift
current Uy, wind wvelocity U, and the angular spreading of
wave encrgy distribution. Ak is comparably large with
the Doppler-shift due to the wind velocity.
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Fig. 15a Resultant shift Ak;.s versus the observed wave number
ko. Four cases of fetch (F=1.27, 2.27, 3.27, 4.27 m) are
shown with wind velocity fixed (1#4=21.8 cm/s). Curves
in the figure are the same for four cases. Tt is suggested
that the resultant shift A% is independent of fetch F.
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Fig. 15b Same as figure 15a except the wind velocity of w,=28.0 cm/s.
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Fig. 16 The resultant shift 4 k., versus friction " WO
¢ % DHEEEDR,
velocity uy for two wave number(k=1.0, E LT A ks 2354 DT J

1.2 em=Y). Ak has its minimum at el n, M, vy —X
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dkby, — 0
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Fig.17 Directional energy distribution
E’ (6) for the wave with frequ-
ency f=3.46 Hz which contains
almost all energy when the wind
waves arc negligibly small.
Energy is peak at the dircction
perpendicular to the wind dire-

ction. Calculated [requency of
the lateral ocillation is 3.45 Hz.
) Spectrum FE’(fl) is calculated by
0.0 |- ' the method of Barber (1964).
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Directional spectrum E’(#) for
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F fixing wind velocity arc sho-
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m, but wind wave is overwhel-
ingly large when I'=2.27 m.
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Frequency energy spectral density
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of the disersion relation.

Three cases with different wind velo-
city fixing fetch (I'=4.27 m) are shown.
The broken line shows the ecnergy
spectral density P( fq) in the case that
apparent frequency f, is used.
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Fig. 21 Trequency energy spectral density
P(f). Three cases with different
fetch (F--2.27, 3.27, 4.27 m) fixing
wind velocity are shown.
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