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TINH TOAN cAc D~C TRUNG SONG BIEN KHOI 

BANG MO HINH SO TRJ WAM 

LEDINHMAU 

Tom uit: WAM (Wave Modeling) la mo hinh s6 tri tinh song thu(Jc thi h? thu· 3. m6 

hinh hoa Sl:f tidn hoa CUa phJ song hai chiJu trong Sl:f Urong tac CUa gio, t/(J sdu, dong chay, 

song - song .... Mo hinh cho phep tinh cac dijc tnmg songbdn kho·i trong tlidu ki?n tnrong 

gio, dia hinh day va dong chay bdn d6i ph~l·c ll;lp. M6 hinh tlii. d~wc cip d1,mg di dv bcio ccic 

dijc !rung song tren Biin £J6ng. fJ(; sau cua Bdn fJong d~wc fdy !Li· Trung tam dii" li¢u dja -

v9t ly Qu6c gia, Colorado, My (ETOP05). s6 li?u gio 6 gio· m(Jt lim dLWC tdy t~'r Trung tam 

Qu6c gia d~:~· baa m6i truong 'NCEPINCAR ', My. 

Kdt qua nghien cu1t cho thcy rdng tr;li thO-i diim 07h/27!9/1997 tren toan Biin £J6ng 
song ydu, huang bdn d6i, song Hmg chiim U"U tid, truong song nay dijc trung cho tho·i k:j; 

chuyin tidp gifra 2 nnla gio £J6ng Bcic va Tay Nam tren Bdn £J6ng. Ccic d(lc tnrng song tinh 

tocin phit h9P khci t6t v6·i s6 li?u song do d(lc, sai s6 Iuong d6i trung binh cua d(J cao song Ia 

13%, chu k:j; song Ia 20%. 

I. MODAU 

Xac dinh cac d~c trung song ngoai bi~n khai co vai tro r~t quan trQng trong vi~c 
cung dp cac thong s6 song thiSt kS phvc Vt,l xay dt,lllg cac thuy c6ng trinh cling nhu cung 

dp cac di~u ki~n bi€m cho cac m6 hinh tinh song vung nu6c n6ng ven ba. Qua trinh thanh 

t<;t.O, phat tri~n va lt,Ii tan cua song trong di~u ki~n truang gio, dong cha.y va dja hinh day 

biSn d6i la r~t phuc t<;tp. SWAMP (1985) da tiSn hanh so sanh cac mo hinh tinh song 

khac nhau va da chi ra nhling uu di~m va nhuqc di~m cua tling m6 hinh, Young (1988) da 

thiSt l~p m6 hinh tinh song trong bao v6i di~u ki~n tru6ng gio di d<)ng. Tuy nhien t~t ca 
cac mo hinh tren d~u bi h<;tn chs trong vi~c mieu ta qua trinh tisn hoa cua ph6 song, d~c 
bi~t khi trucmg gio bi~n dfli d<)t ng<)t ca v~ hu6ng va t6c d9 nhu trong cac can bao ho~c t<;ti 

cac d6i front. Tinh hinh do t~t ySu doi hoi sv ra dai thS h~ thu 3 cua cac m6 hinh tinh 

song. W AM la m6 hinh tinh song thS h~ thu 3 (WAMDI Group 1988; Guenther et al. 

1992; Guenther 2002), m6 hinh cho phep tinh cac di;ic trung song trong di~u ki~n bi~n sau 

va bi~n n6ng v6i sv tuang tac cua gio, dong chay, dia hinh day, song - song, . .. trong 

ph<;tm vi D<;ti duang ThS gi6i ho~c khu vvc. 
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Mau et al. (2004) da ti~n himh tinh toim cac d~c trung song qrc d~i trong bao tren 

BiSn Dong b~ng mo hinh cua Young (1988) va SPM (1984). Tuy nhien ca 2 mo hinh tren 

chi cho phep tfnh cac d~c trung song trong di~u ki~n biSn sau, truemg gio bi~n ct6i, con a 
khu V\l'C mr6c nong ho~c co S\1' xu~t hi~n cua dong chay cac mo hinh tren khong thS ap 

dvng. Mvc tieu cua bai bao la: 

- Ap dvng mo hinh w AM d~ tinh toan cac d~c trung song tren Bi~n Dong 

- KiSm chung dQ chinh xac cua mo hinh b~ng s6 li~u song do d~c trong thai gian 

9/1997 t~i vung biSn H<)i An 

II. TAl Ll¢U VA PHUONG PHAP 

1. Mo hinh sB trj tinh song W AM 
w AM mo ta S\1' bi~n dfli cua ph6 song 2 chi~u b~ng tich phan phuong trinh v~n 

chuySn (transport equation) duqc trinh bay nhu sau: 

dF a · a · a · 
-+ - (<!>F)+ -(/LF) + -(B F)= S 
dt a¢ a/L ae 

Oday, 

F = m~t d(> phfl nang luqng song va la ham cua (f, 8, ~,A.) 

f = t~n s6 song; 8 = huang song; ~ = vi d(>; 'A = kinh d(> 

¢ , /L , e = t6c d9 bi~n d6i v~ vi tri va huang cua ph~ tu song. 

(1) 

Ham ngu6n S d~i di~n cho cac qua trinh phat sinh, phat triSn b&i gio (wind input) -

Sin; tieu tan· nang luqng - Sdis; va tuong tac phi tuy~n (nonlinear transfer) - Snl duqc thS 

hi~n nhu sau: 

S = Sin + Sctis + Snl 

Cac thanh ph~n trong phuong trinh (1) va (2) duqc giai thich chi ti~t nhu sau: 

+ M~t d(> phfl nang luqng song 2 chi~u F(f,8) duqc xac dinh bing cong thuc sau: 

2 
F(f, B) = - F(f) cos 2 

f) 
1{ 

Voi: 

F(f) = ag'(2Jrr' r' exp{~ !(L r} 

(2) 

(3) 

(4) 
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F(f) = m~t d(> ph6 nang luQTig t~n s6 Pierson-Moskowitz 

fPM = 0.13g/U,o (t~n s6 11ng v6i dinh ph6 Pierson-Moskowitz); 

U 10 = t6c d(> gi6 ad(> cao 10m; a= 0.0081 

+ Cac thanh ph~n cua ham ngu6n S dugc trinh bay nhu sau: 

Tru:ifng hf)'p biJn siiu 

- Qua trinh phat tri~n cua song bai gi6 - Sin 

Sin= ~F 

Voi, 

p =max{o,0.25 ;: ( 28: cos8-1)}m 
w = 2nf; Pa va Pw = m~t d(> cua khong khf va mtoc bi~n; u* = t6c d<) rna sat 

- Tieu tan nang lu'<;fng do song b~c d~u (white capping)- Scts 

Sds = -3 .33*10-5 
OJ (OJ I OJ )

2 (a I a PM ) 2 F 

Vdi: 

()) = E-1 fJF(f,B)())djdB 

E = fJF(f,B)dfdB 

---------------a-~ - 2 

aPM = 4.57*10-3 

OJ = t~n so song trung blnh; E = nang lu'Qng t6ng c()ng cua song; 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

( 11) 

a = tham s6 cua OQ doc song; a PM= gia tri ly thuye't cua a theo Pierson-

Moskowitz 

- Tt.tong tac phi tuye'n song - song (Snt) 

Snt (~) = f W4cr8(k1 + k2- k3- ~) x 8(w, + W2- W3 -w4) [n1n2(n3 + n4)-

n3n4 (n, + n2)] dk, dk2 dk3 (12) 

d day, 
- -

Sn1 (~) = tu'ong tac phi tuye'n giua 4 song (quadruplet nonlinear transfer) 

nj = F(kj)/wj = ph6 ho~t d<)ng (action spectrum); cr = dn sua't tu'ong doi 

8(k, + k2- k3- ~) = h~ so mieu ta cu'ong de) nrong tac phi tuye'n cua 4 so song: k, ' 

k2' k3' ~-
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TruiJng h(Jp biin nong 

- Tieu tan nang lu'Qng do rna sat day (bottom friction) - Sbf 

r OJ2 
Sbt.- - F 

g 2 sinh 2 kD 

vai: 
(J) = (gk tanhkD) 112 

D = d() sau; [' = 0.038 m2 s-3
; g = 9.8 m/s2

; k = s6 song 

- Hi~u ling nu'oc nang 

(13) 

(14) 

Khi vao vung nude n6ng ven bo v~n t6c nh6m s6ng (v) tu vung nude sau phu'ong 

trlnh (15) bi bien a6i b&i d() sau va du'QC trlnh bay t?i phu'ong trlnh (16) 

1 
v = - (J)/k 

2 
(15) 

1 ( J
11 2

( 2kD J v=- gtanhkD 1+---
2 k sinhkD 

(16) 

- Hi~u ling khuc X? b&i GQ sau -8o 

eo= _1 80J (sinB 3D_ cosB 8DJ 
kR 3D 3<1> cos<!> 3A-

(17) 

d day, R =ban kinh trai oa't 

Chi tiet hon v~ cac qua trlnh tu'ong tac phi tuyen (Snt) va nhung bi~u thlic toan hQc 

mo ta nhung qua trlnh song t?i khu vlfc nu'oc sau va nu'oc nong xin tham khao t?i 

WAMDI Group (1988) va SWAMP Group (1985). 

2. XU' ly s6Iif$u 

- DQ sau cua Bi€n Dong du'Qc la'y tu Trung tam du li~u dia - v~t ly Qu6c gia, 

Colorado, My (ETOP05) cho khu vtfc 99° E- 121°E va 0° N- 25°N voi dQ phan giai 

~X = ~ Y = 1°. D?c di~m ph an b6 d<) sau cua Bi~n Dong du'c;ic th~ hi~n tren hlnh 1. 

- S6 li~u gi6 6 gio m()t l~n du'Qc la'y tu Trung tam Qu6c gia dlf bao moi tru'ong 

'NCEP/NCAR', My (Kalney et al. 1996) cho khu VlfC 99° E .- 121°E va 0° N- 25°N 

voi d<) phan giai ~X = ~ Y = 2.5° cho thai gian thang 911997 va du'Qc n<)i suy tuyen tinh 

v~ c19 phan giai ~X = ~ Y = 1°. D?c di~m phan b6 tru'ong gi6 tren Bi~n Dong h6i 

07h/27 /911997 (Oh/27 /911997 giO GMT) du'<;fc th€ hi~n tren hlnh 2. 
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- Do so li~u dong chay tren ph~m vi Bi€n Dong khong c6 san va chua ki€m tra clQ 

tin c?y nen mo hlnh khong tinh anh hu'Cing cua dong chay len cac qua trlnh song. 
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ffinh 2 : Truong gio tren Bi~n Dong h6i 07h/27 /911997 

3. Di~u ki~n ap dvng mo hinh 

- Khu vljc nghien cliu bao trum h~u nhu' to~m b<) di~n tich cua Bi~n Dong (99° E-

121 °E; 0° N- 25°N) 

-So li~u d~u vao cua m6 hlnh la d¢ sau cua Bi~n U6ng va gia tri cac tru'ong gio 

(tlT = 6h) tuOlh/15/911997 de'n 19h/27/911997 voi lu'oi tinh tlX = tlY = 1°. 

- Sali~u d~u ra cua mo hlnh la tru'ong cac d~c tru'ng song (d<) cao song hG'u hi~u, 

chu ky song trung blnh, d<) cao song lung, chu ky song lUng ... ) voi 1l T = 3h tu 

19h/18/911997 de'n 19h/27 /911997. 
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,.., ? 

III. KET QUA 

1. Ki~m chung ke't qua tinh toan 

- D~ ki~m chung ke't qua tinh tmin chung toi da sll' dt,mg s6li<$u song do d<:tc bang 

may do song ap ltfc (wave pressure gauge) cua Anh Qu6c (DNW-5M) t<:ti 3 tr~m do 

song thu(>c vung bi~n H(>i An trong khu6n kh6 d~ tai cap Nha mroc KHCN-0608 thang 

911997, thai gian ghi song ~ T = 20', chu ky do la 3h. S6li<$u do song t<:ti cac tr<:tm nay 

du'<;ic so sanh vdi ket qua tinh toan cua mo hlnh t<:ti di~m co tQa d(> (109°E, 16°N). Vi tri 

va d~c di~m cac tr<:tm do song th~ hi<$n tren hlnh 1 va bang 1. 

Bang 1: D~c di~m cac tr~m do song 

Tr~m TQa d{) 
Thoi gian biit ThO'i gian ke't DQ sau 

d~udo thuc do (m) 

01 
16°02.086'N, 108° 

19h/18/9/1997 16h/19/9/1997 21 
18.028'E 

02 
15° 53 .852'N, 108° 

1 Oh/20/911997 07h/21/9/1997 21 
30.033'E 

03 
15°27.798'N, 108° 

07h/27 /9/1997 19h/27 /9/1997 19 
42.789'E 

- Do hu'dng song khong du'QC quan tr~c nen CJ day chung toi chi so sanh d(> cao 

song hfi'u hi<$u va chu ky song trung blnh. Ke't qua so sanh th~ hi<$n tren hlnh 3. 

32 

::I Uo d<.tl: 

~~·~~umuu~ 

!'~j~~:~ 
!9h/l!l 22h !h/ 19 4h 7h IOh iJh 16h IOh/20 IJh !6h 19h 22h Ihn l 4h 7h 7h/27 IOh 13h 16h 19h 

'"~ 8 
6 ', ___ ____ / _______ ______ __ - - ,' - - --

: 
19h/ I H 22h lh/ l tJ 4h 7h !Oh 13h 16h IOh/20 1:\h 16h 19h 22h Jh/2 1 4h 7h ? h/27 !Oh 13h 16 h 19h 

Tra m - Ol Tr~ m · 02 Tr~ m- 03 

Hinh 3: So sanh cac d~c tru'ng song tinh toan vdi s61i<$u song do d<:tc 

t<:ti cac tr<:tm 01, 02 va 03 tren vung bi~n H(>i An (911997) 



Nhin chung d(> cao song tinh toan 16n hem d9 cao song do d<;tc, ngugc l<;ti chu ky 

song tinh toan nho hem chu ky song do d<;tc; sai s6 tuy~t d6i 16n nh~t cua dQ cao song la 

0.29 m, chu ky song la 3.4 s; sai s6 tuemg d6i trung binh cua d() cao song la 13%, chu ky 

song la 20%. Qua hinh 3 chung ta cling nh~n th~y r~ng kSt qua tinh toan phu hgp nh~t v6i 

s6 li~u do d<;tc t<;ti tr<;tm 03, beri vi tr<;tm 03 n~m a ben ngoai mfii An Hoa, tiSp xuc tn,rc tiSp 

voi biSn khai it bi imh hu6ng cua dia hinh vung ven b<':r han cac tr~m 01 va 02. K~t qua 

so sanh tren la r~t kha quan va chung ta co th~ ap dvng mo hinh W AM d~ dv baa cac d?c 

trung song cho Bi~n Dong va cac vung bi~n phv c~. 

2. D~c di~m phan bfi cac d~c trrrng song tren Bi~n Dong hfii 07h/27/9/1997 

Phan b6 cac d?c trung song tren Bi~n Dong h6i 07h/27 /9/1997 th~ hi~n tren hinh 4 va 5. 
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- D~c di~m phan ba dQ sau cua Bi~n Dong du<;Jc th~ hi<$n tren hlnh 1, chung ta 

tha'y khu VlfC trung tam Bi~n Dong dQ sau ph6 bie'n tU 2000 m de'n 4000 m; vung bi~n tU 

Da Nang de'n Phan Thie't duong d~ng sau 200 m ch~y sat bo; v!nh B~c B9 va v!nh Thai 

Lan phgn ldn di<$n tich co d<) sau nho han 50 m. Do v~y hi<$u ung khuc x~ song do dQ 

sau nhln chung chi di~n ra m;;tnh t;;ti vung bi~n vinh Ba:c B9 va vinh Thai Lan, hi~u ung 

khuc X~ song do dong chay se dang k~ dQC theo vung bi~n Nam Trung bQ. 

- T~i thoi di~m 07h/27 /911997 tren to~m Bi~n Dong gio co t6c d9 ra't nho (xa'p xi 2-

3 m/s), m9t s6 khu vlfc co t6c d9 5 - 7 m/s va nhln chung huang gio khong t~p trung (hlnh 

2). Truong gio nay ta't ye'u d~n de'n truong song ye'u, co huang thay d6i va d~c bi<$t la hi$ 

song lung se thang tri, hi$ qua cua cac truong song truoc do. Truong gio tren la d~c trung 

cho thoi ky chuy~n tie'p giua 2 mua gio Dong Bac va Tay Nam tren Bi~n Dong. 

- Tu hlnh 4a va 4b chung ta tha'y t<;ti thoi di~m 07h/27 /911997 vung trung tam Bi~n 

Dong d9 cao song hliu hi~u (Hs) dao d9ng trong khoang 1.0 - 1.5 m, chu ky trung blnh 

(T) dao d9ng trong khoang 6- 7 s; khu vlfc Nam Bi~n Dong co Hs ~ 0.5 - 1.0 m, T ~ 7 

- 8 s; v!nh B~c BQ co Hs < 0.5 m, T< 5 s; v!nh Thai Lan co Hs ~ 0.5 - 1.0 m, T ~ 5 s. 

v oi truong gio phan b6 nhu (5 hlnh 2 thl truong song (5 day mang d~m d~c trung cua 

truong song lung. 

- D~c di~m phan b6 cua truong song lUng (hlnh Sa va 5b) kh6ng khac nhi~u so 

voi truong song t6ng h<,jp (5 hlnh 4a va 4b, di~u nay chung to t<;ti thoi di~m 

07h/27 /911997 tren toan Bi~n Dong hi$ song lUng chie'm l1u the'. D~c bi<$t vung bi~n tu 

Da Nang de'n Phan Thie't song lUng thong tr! voi huang E-SE va H ~ 1.0 m, T ~ 7 s. 

M6 hlnh sa tri tinh song W AM cho phep tinh cac d~c trung song tren ca vung 

nude sau va nu'oc nong trong di~u ki<$n truong gio, tru'ong dong chay bie'n d6i phU'c t~p 

theo khong gian va thoi gian. 

Ke't qua tinh to an cua mo hlnh cho phep chung ta tach bi<$t truong song t6ng h<;ip 

(tntong song hliu hi~u) thanh tntong song gio (sea) va song lung (swell) nh~m dap ung 

nhung nhu du thlfc ti~n khac nhau. 

T<;ti thoi di~m 07h/27 /911997 tren to an Bi~n Dong song tu'ong dai ye'u, huang bie'n 

d6i, hi$ song lUng chie'm u'u the'; day la trttong song d~c trttng cho thoi ky chuy~n tie'p 

giua 2 mua gio Dong B~c va Tay Nam tren BiSn Dong 
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Ket qua so sanh cac d~c tnrng s6ng tinh toan b~ng mo hlnh voi s6li~u song do d~c la 

kha quan, sai s6 tu'ong d6i trung blnh cua d() cao s6ng la 13%, chu ky s6ng la 20%. 

C6 th~ ap dl;lng mo hlnh s6 tri W AM cl~ dl;l' bao cac q~c trung s6ng tren Bi~n 

Dong va cac vung phl;l c~n . 

' A ? 
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COMPUTATION OF WAVE CHARACTERISTICS 
IN THE OFFSHORE REGION USING NUMERICAL MODEL WAM 

LEDINH MAU 

Summary: WAM (Wave Modeling) is a third generation wave model describes the 

evolution of a two-dimensional ocean wave spectrum under the effects of winds, currents, 

bottom and non-linear wave - wave interaction. Th e model runs for deep and shallow waters 
and includes depth and current refraction. The wave characteristics over East Sea (South 

China Sea) was estimated using WAM model. Bathymet1y of the East Sea was taken from 
'ETOP05' data set of the National Geophysical Data Center, Corm·ado, USA. Wind data 

obtainedji-om 6 hourly NCEPINCAR reanalysis data, USA . 

The study indicate that at 7h 27 September /997 over East Sea the wave height field 

was relatively weak and vmying in direction, swell system was predominantly, which 

represents the wave field characteristics in the transition period between NE and SW 

monsoon over East Sea. Computed wave characteristics show good agreement with measured 
ones, the average relative different between the computed and measured wave height was 

13%, and wave period was 20%. 
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